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ABSTRACT 

Germination of Hilaria mutica and Sporobolus 

airoides from the Mapimi Reserve were compared with four 

S. airoides accessions. Light effects on germination of 

the six accessions under four temperatures showed that 

American accessions had a lower optimum and a greater light 

effect on other temperatures than Mexican accessions. 

Establishment of six accessions at four depths 

showed that surface sowings had higher establishment in 

cracking clay than in sand. New Mexico and Mapimi S. 

airoides accessions had the highest establishment percent 

at 10 and 20 days. The effect of osmotic and matric po

tentials on the germination of H. mutica was significant 

at -9 bars. Matric potentials of -6 and -9 bars and 

osmotic potential of -9 bars decreased germination of 

Mapimi S. airoides. 

Sporobolus airoides is recommended for reseeding 

sites with high moisture availability, using a thin mulch. 

Mexican accessions are recommended for summer sowings, 

while the American accessions for late spring or early 

fall. Hilaria mutica is not recommended. 



INTRODUCTION 

The purpose of the Man and the Biosphere (MAB) 

Program is to develop a basis, within the natural and social 

sciences, for rational use and conservation of the bio

sphere (that portion of the earth's crust and lower atmos

phere which contains life) and for the improvement of the 

relationship between man and the environment. In keeping 

with the MAB philosophy, a binational Mexico-USA program 

of research and education has been established and endorsed 

by the MAB National Committees of Mexico and the USA to 

coordinate joint efforts culminating in wiser use and con

servation of natural resources for the benefit of people 

in both nations. 

Range management activities are high priority re

search topics within the binational Mexico-USA program. 

In fact, grazing of forage resources by domestic livestock 

and wildlife species are primary "consumptive uses" of 

natural resources. However, these "consumptive uses" must 

be effectively integrated within the framework of optimum 

use of all natural resources. To identify and quantify 

the forage resources in these ecosystems provides a mea

sure of biological components and associated natural 
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resource benefits, and furnishes a baseline knowledge to 

develop management practices and land use plans for wiser 

use and conservation of natural resources. 

The Institute de Ecologia undertook the task of 

developing the MAB objectives in representative ecosystems 

of Mexico. The Mapimi Biosphere Reserve was the first eco 

system study to be developed. The major emphasis was on 

the conservation of the desert tortoise, Gopherus flavo-

marginatus. 

2 The Reserve covers approximately 1,600 km of the 

states of Durango, Chihuahua and Coahuila. Within the 

central zone, landforms are mostly volcanic parent materi

als forming discontinuous internal drainage watersheds. 

The landscape is extremely diverse in vegetation struc

ture. In general, the vegetation follows an altitudinal 

gradient. The pediments of the mountain sides support 

sparce mosaic-like formations of abundant shrubs and half-

shrubs and are characterized by prickly-pear (Qpuntia 

rastrera). These areas are heavily used by cattle during 

the dry season. The bajada with its conspicuous vegeta

tion patches forms crescent-shaped islands known as 

vegetation arcs. These patches, locally named "mogotes," 

are very important to the cattle grazing during the "for

age year." The mogotes are very densely populated with 

Prosopis sp. or other large shrub overstory and a dense 



tussock understory vegetation usually of Hilaria mutica 

(tobosa). These areas are heavily used in the rainy sea

son when runoff accumulates from upslope. The basin proper 

and the occasional playa have a sparse density of postrate 

Prospis sp. throughout and Suaeda nigrescens close to the 

main channel. On the floodplains, Sporobolus airoides 

(alkali sacaton), occasionally with other species of the 

genus, form almost pure grasslands. These grasslands, be

ing close to the main channel, usually exploit flood fre

quency and grow throughout the year. Needless to say, the 

cattle keep this area grazed down to 5 cm in height and 

virtually no inflorescences manage to mature. 

Under this scenario, I have distinguished two very 

important species to the grazing ecosystem. Sporobolus 

airoides has the potential of producing forage even in dry 

years and controlling erosion (Hickey and Springfield, 

1966). Hilaria mutica is a much more widely spread species 

but its success strategy relies on being a very rough grass 

with high silica content. Therefore, use is patchy, once 

the plant accumulates dry matter and palatability declines 

when dry. The approach for optimal management of each of 

these two species is different, one needs grazing control 

to allow good reproduction of the plant, and the other 

needs heavy grazing pressure to allow fresh growth in the 

next year. 



4 

Local lore claims that in good years, the Sporobolus 

grasslands can grow taller than a man even under heavy cat

tle pressure. If such events occur they do so infrequently, 

and the question is whether the seed bank created at that 

point can provide enough seeds for following years. No 

seedlings of H. mutica have been observed outside a mogote 

where runoff accumulates. Does this mean that the popula

tion is being replenished only by vegetative reproduction? 

These and many other questions emphasize the need for basic 

research on the germination ecology of these species. 

General Objectives 

To approach the germination ecology of the two 

species involved, I have considered two general aspects. 

The need to know the potential germination characteristics 

of each species, and the optimum and controllable variables 

which can be tested to define the limits in the germina

tion plasticity. Secondly, the potential n- dimensional 

germination niche found in the field has to be reduced to 

be interpretable. This requires controlled environment. 

The specific objectives of this study were: 

1. Define the temperature and light-darkness response 

and influence on the rate and total germination of 
i 

S. airoides and H. mutica, and compare it to other 

S^ airoides accessions (Study 1). 



2. Establish the best depth of planting and soil 

texture type for these species from the Mapimi 

Reserve, and compare them to other S. airoides 

accessions in terms of rate and total establishment 

survival (Study 2). 

3. Define what levels of osmotic and matric potentials 

significantly lower the rate and total germination 

of S. airoides and H. mutica (Study 3). 

Characteristics of Sporobolus airoides 
and Hilaria mutica 

Hitchcock (1951) classified Sporobolus and Hilaria 

in the subfamily Festucoideae, with reduced florets, if 

any, above the perfect florets and articulation usually 

above the glumes. Sporobolus was placed in the Agrostideae 

tribe comprising 27 genera. This tribe has species mostly 

from temperate and cool areas. Sporobolus airoides has a 

very wide distribution from South Dakota and Missouri to 

eastern Washington, south to Texas, southern California 

and the central plateau of Mexico. Hilaria was placed 

under the Zoysieae tribe with only 4 genera. The spikelets 

are one flowered in groups of 2 to 5, groups racemose 

along a main axis, falling entire. Hilaria mutica has a 

restricted distribution and closely parallels the hot 

desert in Texas, Arizona, New Mexico and central Mexico. 



Recently, Gould (1968) rearranged the grass 

subfamilies and some genera using a classification by Steb-

bins and Crampton (1961). Sporobolus now forms part of the 

Eragrosteae tribe within the Eragrostoideae subfamily. 

Hilaria was placed under the tribe Chlorideae in the same 

subfamily. Description of the new subfamilies rely on 

natural characters, such as roots, stems, leaf epidermis, 

leaf anatomy, spikelet and flower, embryo, cytology and 

germination differentiation. The greatest development of 

the Eragrostoideae is found in the warm, semiarid south

western United States, where it is represented by Sporo

bolus , Eragrostis, Muhlenbergia, and Aristida. The genus 

Sporobolus has a world wide distribution; about 100 

species are known from temperate and tropical regions of 

both hemispheres (Gould, 1968). Pinkney (1969) found H. 

mutica distributed only south and west of the Mogollon Rim 

in Arizona. Gould (1951) reported H. mutica occurring in 

Mohave, Yavapai, Pinal, Maricopa, Pima and Yuma counties. 

The development of the desert grassland as a com

munity over evolutionary time can only be reconstructed 

from circumstantial fossil evidence. Much of the present 

influence area of the desert was the center for the Madro-

Tertiary flora that in the Middle Miocene started to 

evolve into present day plant communities, although not 

as specialized as present floras. Axelrod (1950) believed 
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that the desert areas had not evolved in. situ, few fossil 

floras could be found from the Chihuahuan area. Neverthe

less, he presented a very strong argument for the develop

ment of these desert areas, including the Great Basin where 

most of the fossil floras were collected. The evolution 

of vegetation types across geologic time for the present 

Sonoran and Moahave deserts can be summarized this way: 

During most of the Miocene the Madro-Tertiary flora of 

live oak woodland, chaparral and arid subtropical scrub 

vegetation predominated. During the Middle Pliocene, a 

warm semiarid climate predominated and it is inferred that 

semiarid grassland and shrubland dominated the lowlands 

throughout the region, since a high frequency of fossil 

grazing mammals had been found. A cooler Upper Pliocene 

followed which somewhat restricted the grassland and shrub-

land and favored the expansion of forests. During the 

Quaternary ice cycles, it seems the desert vegetation and 

grassland had a dynamic balance where the grassland would 

dominate during the pluvial stages (Axelrod, 1950, 1958). 

Axelrod (1950) also considered that the ancestral genera 

of Bouteloua, Hilaria and Sporobolus were already present 

by early Pliocene time. By Middle and Upper Pliocene, the 

desert plains community was probably very wide spread. In 

other words, this desert plains community occurred at the 

margins of the Madro-Teritary flora that was retreating to 
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the south. It seems that with the beginning of the desert 

grassland, the whole Gramineae in general evolved very 

rapidly. The main stimulus was the arid climate (Axelrod, 

1972; Stebbins, 1952). In this respect, the examples found 

are mostly from Leguminoseae and species-pairs that have 

species in arid and more humid environments, and not from 

Gramineae specifically (although there is some evidence 

from Elias (1942) and Stebbins (1947)). 

Both grasses under study are commonly found on 

moderately heavy to heavy clay soils in bottomlands where 

periodic flooding occurs (Clements, 1949; Humphrey, 1953, 

195Sa, 1964; Nichol, 1952; Shreve, 1942; Shreve and Wig

gins, 1964; Thornber, 1910; Whitfield and Anderson, 1938). 

The capacity for survival in alkaline to saline soils gives 

an advantage to Sporobolus (Hickey and Springfield, 1966). 

In high latitudes and altitudes, H. mutica tends to occur 

more typically in fine textured soils of rock hillsides or 

mesa tops (Humphrey, 1958b). Forage value of both grasses 

is good when green, and decreases drastically when dry 

(Humphrey, 1958b; Gay and Dwyer, 1965). Hilaria mutica's 

old growth accumulates and cattle prefer other forages 

when available (Humphrey, 1958b). 

Pinkney (1969) found that temperature was the most 

important factor in determining the distribution of differ

ent species of Hilaria in Yavapai county, Arizona. The 
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mean monthly temperatures for sites supporting each species 

were significantly different. Hilaria mutica thrived under 

the widest temperature range observed, from 49 to -29 C. 

General Procedures 

This study was divided into three different experi

ments. Although the specific methods differ, some of the 

basic data and procedures were the same; to avoid repetition, 

they have been summarized in this section. 

The seed lot source and original parent population 

location is summarized in Table 1. The accession TX-1733 

was released in 1981 by the Knox City Plant Materials Cen

ter as "Saltalk." It is the first variety of Sporobolus 

airoides to be released. It is considered to be well 

adapted to the 300-460 mm mean annual preciptation zone. 

During an 11-year period, the seed production averaged 

189 kg/ha and the forage production during a 3-year period 

average 4,850 kg/ha. From field plantings since 1970 in 

Texas, Oklahoma and Kansas, this accession has proved its 

desirability on soils with high salt content due to oil 

well seeps or naturally occurring salty areas (USDA, Soil 

Conservation Service, 1981). 

The Mexican accessions DGO-136 and AGS-13 are the 

result of collections by Ing. Adolfo Ortegon, from the Uni-

versidad Autonoma "Anotonio Narro," Saltillo, Coahuila in 



Table 1. Origin and characti.vistics of parent population of seed lots. 

Species 
Lot 

Name Origin 

Year 
Col
lected 

Parent 

Population 

Longitude 
& Latitude Altitude Vegetation 

Sporobolus 
airoides 

N.M. 184 Las Lunas, P.M.C, 1970? Claunch,* 
Socorro Co. 
New Mexico 

34°N approx. 
106°W approx. 

2042 m 355 mm rainfall 

TX 1733-77 Knox City, P.M.C. 1977 Erick,* 
Beckham Co. 
Oklahoma 

35°N approx. 
99°W approx. 

629 m 610 mm rainfall 

DGO 136 Ocampo, Exp. St. 

U.A.A.N. Coahuila 

1980 Durango, Durango-
Torreon Hwy, km 132 

24°30' N ap. 

103°45' W ap. 
1900 m Desert grassland 

with mesquite 
overstory 350 ram 
rainfall clay 
soils 

AGS 13 Ocampo, Exp. St. 

U.A.A.N., Cohuila 
1978 Aquascalientes, 

Rincon de Romo-
Loreto Hwy, km 13 

22°15' N ap. 
102°15'W ap. 

2000 m Grassland with 
mesquite over-
story. 600 mm 
rainfall sandy 
clay soils 

MAPIMI-82 Hapimi Biosphere 
Reserve, Durango 

1982 
Aug, 

Large floodplain 

in la Vega, Laguna 
de Palomas 

26°44' N 
103°50' W 

1110 m S. airoides domi
nant grassland. 
300 mm rainfall 
clay soils 

Hilaria 
mutica 

H1MU-82 Mapima Biosphere 
Reserve, Durango 

1982 
Aug. 

Vegetation arcs 
close to landing 
strip headquarters 

26°42' N 
103°45' W 

1155 m Mesquite over-
story with 11. 
mutica under-
story 

^Physical-geographical data for these accessions are for the towns closest to the collection site. 
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1980. Preliminary selection results from studies at the 

Tucson Plant Materials Center have shown that AGS-13 and 

DG0-136 had good potential and needed further research 

(McGuire, 1981). Both of these accessions under 30 C for 

14 hours and 26 C for 10 hours, showed high rates of ger-. 

mination compared to the other 11 Mexican accessions, al

though the seeds were only one month old. The AGS-13 

accession showed a high dry matter clipping of 6.6 kg/10 

plants (McGuire, 1981). 

In the case of seeds from Mapimi, each species was 

collected from the same general area. The S. airoides 

(MAPIMI-82) was located in a vast floodplain and the col

lection was made by cutting inflorescences when the seeds 

were ripe. Seeds were air dried on canvas sheets for 

several days, and threshed by rubbing the inflorescence 

or by walking over them with bare feet. The seeds were air 

dried in shade for 2 days. In the case of H. mutica, the 

florets were stripped by hand from the rachis and air 

dried. Further cleaning of H. mutica was done on rubber 

boards to remove seed from the florets and for S. airoides 

by rubbing between the fingers and palms. 

Size and weight analysis was accomplished more in

tensively for the Mapimi seeds than with the others. The 

results are summarized in Tables 2, 3 and 4. Separation 

and cleaning was done with calibrated seives and a seed 



Table 2. Seed size distribution in percentage for the lots used 

Accessions 

Mesh Size NAPIMI-82t HIMU-82t NM--184 TX-1733 DGO--136 AGS--13 

26 0. .23 10, .14 1, .19 2 .40 9, .27 14, .01 

28 3. ,13 39. ,28 13, .24 17. .04 '31. .71 40, .00 

30 1. .43 9. .17 2, ,72 3 .43 3, .48 3. .75 

32 35, .13 32, .57 29, .95 32 .03 32, .90 27, .92 

34 11, .93 3, .88 14, .51 11 .47 6 .85 3, .76 

38* 37. .34 4. .34 34. .42 27 .57 12, .93 ;8. .54 

381 10, .80 0. .59 3, .97 6 .05 2, .86 2 .03 

*A 36 mesh was not available, therefore this 38 size class actually includes 
a 36 size class. 

tFor these accessions the figures are the means of 2 samples, all other ac
cessions show only one sample. 
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Table 3. Average sample weight for each size class for the 
seed lots 

MAPIMI--82 HIMU-•82 

X X 
Mesh Size mg. C.V. mg. C.V. 

26 18.8* 1.49 38.4* 2.98 

28 17.9 1.39 35.8 2.79 

30 17.3 1.71 30.5 2.23 

32 14.6 2.20 28.0 1.97 

34 12.5 0.73 22.4 1.49 

38 9.81 3.63 19.2 2 .75 

38+ 6.19 4.01 

*Mean of 5 samples of 50 seeds each. 



Table 4. Average weight of 20 samples of 50 seeds for each seed lot 

HIMU-82 MAPIMI-82 NH-184 TX-1733 DG0-136 AGS-13 

X X X X X X 

Mesh Size mg. C.V. mg. C.V. mg. C.V. mg. C.V. mg. C.V. mg. C.V. 

26 to 32 28.1 (7.22) 9.65 (22.9) 10.2 (19.7) 10.4 (31.6) 12.1 (22.1) 13.4 (16.5) 
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blower. The seed lots from the two grasses collected at 

Mapimi differed strikingly. Sporobolus airoides seeds have 

a predominantly skewed distribution towards the smaller 

size classes, and the H. mutica seeds have a bimodal size 

distribution more characteristic of the other S. airoides 

accessions. In terms of weight, the smaller seeds from 

Sporobolus MAPIMI-82 showed a larger variability per 50 

seed sample than the larger seeds, with the exception of 

size 32. the HIMU-82 lot had a greater variability in the 

larger seed classes. When combining classes 26-32, HIMU-

82 had the most constant weights and the Texas accession 

the most variable. Moisture hydration of the seeds at the 

time of weighing is an important consideration and the co

efficients of variation reflect this property. Since the 

seedlots in some cases were too small to use one single 

size class, it was decided to use a combination of the 26 

to 32 inclusive size classes for the first two experiments, 

the last experiment used only MAPIMI-82 and HIMU-82 seeds 

of class 32. 



STUDY 1. EFFECTS OF LIGHT, DARK, 
AND TEMPERATURE ON TOBOSA AND 

FIVE ALKALI SACATON 
ACCESSSIONS 

Literature Review 

Interest in the germination responses of S. 

airoides started as early as the first accounts of the im

pressive floodplains covered with the different species of 

this genus (Humphrey, 1958a; Thornber, 1910; Bryan, 1928; 

Cooperrider and Hendricks, 1937). One of the most com

plete early germination studies was done by Vivian Toole 

in 1941. Using collections from Utah, Kansas and Arizona 

(two-year old and fresh seed), she found some response to 

potassium nitrate, especially when the seeds were strati

fied at 3 C for up to 28 days. Her collections of fresh 

seed from Utah had a low germination of 43% without strati

fication, but this was increased to 67% with stratifica

tion. These experiments with S. airoides did not show any 

measure of variability and no statistical analysis was 

included. 

Jackson (1928) germinated seed collected from the 

most important range grasses at the Jornada Experimental 

Station, New Mexico. She found germination differences of 

H. mutica seeds from stocks that had received different 

16 
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precipitation. For a seed lot that had received 98.5 ram 

before harvest, she found an average of 24.8% germination, 

as opposed to an average of 86.2% (at 25 C) for a lot re

ceiving 108.5 mm. There is a question on the maturity of 

these two lots, since one was collected 19 days after the 

other. With S. airoides she found an average germination 

62.4% for seeds 6 months old but for seeds one and a half 

years old the germination was 97.3%. Soaking and CaCO^ 

treatments did not enhance the germination. Other Sporo-

bolus species had hard seed coats and pricking the seed 

coat was necessary, since shaking with coarse sand did not 

break the seed coat. Wilson (1931) considered S. airoides 

the exception in members of the genus that needed scarifi

cation. His tests with S. airoides did not show a clear-

cut improvements of germination with age. With S. airoides, 

Wilson found the highest germination for one collection of 

76% after 8 months. With H. mutica he found a maximum 

germination of 19% at 10 months for one collection out of 

four. 

Further research has come mostly from the efforts 

of the Rio Puerco, New Mexico, revegetation project. 

Knipe (1967) found that S. airoides had the highest total 

germination of 87% (32 days germination, 3-year-old seed 

lot) at a constant temperature of 32 C. Alternating 

temperature durations (16-8 hours) of 20-30 C gave the 



18 

highest and significantly different germination of 86%. In 

another study, Knipe (1970) found that larger seeds had a 

higher rate and total germination than smaller seeds when 

germinated at 21-32 C alternating temperatures (16-8 hours). 

The smaller seeds imbibed more water (dry weight %) than 

larger ones in the beginning of germination (Knipe, 1971a). 

One of the most significant results from Knipe's experi

ments (1971b) was the discovery of light inhibition in S. 

airoides. By exposing the seeds to light (unknown wave

length) for several time periods, he found that with the 

exception of one exposure, from flash to 21 hours-continu

ous light gave significant germination differences from 24 

to 48 hours. Not all treatments were so clearcut from 48 

hours to 72 hours, but the highest significant germination 

was the dark treatment with 96%. The continuous light 

treatment gave 59% germination. Since all the light treat

ments were made at the start of the experiment (after 30 

minute imbibition) it is not clear if the sensitivity to 

light is lost at some point in the germination. 

Knipe (1969) studied the influence of length of 

time since harvest and the effect of different year's har

vest. Five seed lots from continuous years (1964-68) were 

tested at various time periods at 30-21 C. Although no 

statistical analysis was carried out, there is a clear 

interaction between the date of collection and the 
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germination response at one point in time after harvest. 

In general, a rapid increase of germination was observed 

in the first months, then it levelled, followed by another 

increase with other minor fluctuations. For the most part, 

afterripening only occurs after 14 months in the best col

lection (89%, 1967 lot), and it can vary up to 38 months 

(92%, 1964 lot). Due to this dormancy process, scarifica

tion is recommended when iising fresh seed. Knipe (1969) 

found that scarification gave significantly higher germina

tion rates (9 days vs. 28 days) with seed lots 8 and 20 

months old. 

The light effects on germination have been known 

since 1936, and the processes involved have been understood 

quite thoroughly even with different environment interac

tions (Toole, 1973). These results dealt with the phyto-

chrome system and were mostly centered around light-

requiring species that needed a certain number of mole

cules (red light exposure) to germinate. In the case of 

light inhibited seeds, another system, the high-energy 

reaction (HER), is considered the main factor and not the 

phytochrome system (Toole, 1973; Roolin, 1964). Data from 

a table of species (Toole, 1973) inhibited by prolonged 

illumination showed that the type of light treatment is 

not important at all, be it fluorescent, incandescent, or 

several specific wavelengths tested. There is a slight 
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temperature interaction with light sensitive seeds. At 

lower than optimum temperatures, the inhibition is not as 

apparent as at higher temperatures as tested with Nemophila 

and Phacelia species (Black and Wareing, 1960; Chen and 

Thimann, 1964; Chen, 1968). 

The mechanism and pigment, if any, involved in the 

HER system are' unknown (Rollin, 1964). In classical exper

iments with species of the Hydrophyllaceae, the mechanism 

for light-inhibition is centered around the physical im

pediment of the seed coat (endosperm covering) around the 

radicle (Chen, 1968; Chen and Thimann, 1964). By cutting 

this tip, the inhibition is completely removed, scarifying 

other seed parts do not produce the same result. Inhibi

tion is not complete, since it interacts with light in

tensity and temperature. At below temperature and/or low 

intensity light, germination can occur, although sometimes 

much slower than at dark. 

Methods 

The experimental design was a split plot random

ized complete block with six accessions by four tempera

tures by two light treatments. The six accessions were 

randomized within a pile and two piles were placed in an 

upsidedown beaker (2000 ml). There were eight transparent 

beakers and another eight beakers painted black. On one 
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single rack of the environmental chamber, the sixteen 

beakers were arranged such that 2 rows of transparent 

beakers were immediate to the sidewalls and 2 interior rows 

were made of dark beakers. Four fluorescent light tubes 

(33 watt, 26 inch length) were vertically positioned on 

the side walls, two on each side. The lights were turned 

on in a cycle of 8 hours of light and 16 hours of darkness, 

temperatures also cycled slightly within one temperature 

experiment (Table 5). The readings were taken at 2, 4, 6 

and 8 days. On each sampling day, two "light" and two 

"dark" beakers were randomly taken out and the germination 

was recorded. Once the readings were finished, the four 

beakers were returned to the chamber but would not be con

sidered for the next recording. In this manner the dark 

treatments were only exposed to light when they were sam

pled for germination. 

Each petri dish of 100 x 15 mm was lined with two 

layers of Whatman's No. 3 filter paper. Fifty cariopses 

or "seeds" were used in each petri dish. The total -lot of 

seeds per accession per temperature run was scarified to

gether by lightly rubbing between two sheets of fine emery 

cloth. The seeds were sorted by hand to ensure consisten

cy of color and size. The main lot for each accession 

consisted of seeds that passed through seives up to mesh 32 

(diameter = 500 microns, U.S. standard sieve No. 35). The 



Table 5. Environmental parameters for each of the temperature runs in this study 

Light Cycle Dark Cycle 

Te* Temperature 
°C 

Duration 
HR 

Relative 
Humidity 

% 

Temperature 
°C 

Duration 
HR 

Relative 
Humidity 

% 

30 32 10 60 28 14 74 

26 28 9 60 25 15 74 

20.8 22.8 10 70 20 14 56 

15.3 17.8 9 54 15 ' 15 74 

^Effective temperature, a logarithmic weighted average modified from Roberts 
(1972). 
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smaller seeds that passed the mesh 32 seive were discarded. 

All petri dishes were used upside down, since the filter 

paper could only so fit. Eight milliliters of deionized 

water were placed in each petri dish and no rewatering was 

done until the observations were finished. This amount of 

water was sufficient (even at the high temperature) for 

germination to occur, especially since high relative humid

ity was maintained by placing pans with water inside the 

chamber. 

The seeds were considered germinated when they had 

a plumule and radicle of at least 5 mm length with no 

abnormalities. Defective seeds showing obvious abnormal

ities were subtracted from the total number of seeds. In 

all the "early" readings (2, 4, 6 days), the accessions 

were revised to detect abnormal seedlings after the end of 

each temperature run. 

Statistical analyses of the data were conducted 

with each temperature for each sample date separately. A 

split-plot design was used with each group (a block) of 

2 beakers (one "light" and one "dark") and the light-dark 

treatments as "main plots." The accessions and accessions 

by light interaction were the "subplots" (an example is 

shown in Appendix Table A-l). Mean separation was made 

between accessions to determine significant differences 

(LSD method, Little and Hills, 1978). An alpha level of 
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5% was used throughout these analyses. A transformation of 

the form: arcsin / (germinated + 3/8) / (total + 3/4) was 

used to stabilize the variance and reduce the effect of zero 

germination observations. 

Results 

Tables 6 through-9 show the means for each acces

sion and for each accession by light treatment for each 

temperature run for each sample day. Where accession by 

light significant interactions occurred, all the treatment 

means were tested within that day of observation. Other

wise, the mean separation was made at the accession level. 

At the highest temperature used, 30 C, the interac

tion accession by light was significant at two days and 

eight days. At two days, the accessions NM-184 and TX-1733 

had a dark germination significantly different from light, 

all the other accessions did not. The accession means 

showed HIMU-82 and TX-1733 with the highest germination and 

significantly different from the others. At four days, 

NM-184 had the highest germination, different from all 

others. Three overlapping groups were formed, the first 

with HIMU-82 and TX-1733; the second with TX-1733 and 

DGO-136; the third with DGO-136 and AGS-13. The accession 

MAPIMI-82 had the lowest germination and was different 

from all the others. At eight days, TX-1733, HIMU-82 and 



Table 6. Average percent germination for 200 seeds per treatment for the 
30 C temperature. 

Day of Observation 
2 4 6 8 

Treatments 
Accessions Light Dark Avg. Light Dark Avg. Light Dark Avg. Light Dark Avg, 

MAPIHI-82 12.3 * 
xyz 

13.6 
xyz 12-9cdt 31.3 25.9 28.6 33.7 30.5 32.1 

c 
38.6 

yz 
28.0 

z 
33.3d 

DGO-136 10.9 
yz 17'9xy 14"'cd 

71.3 79.3 75*3cd 
79.5 59.7 69.6b 81.3 

v 
80.9y 8*"*ab 

AGS-13 3'6z 
7.6 yz 5.6d 60.0 84.1 7°.0d 82.2 81.9 82*°ab 81.5 

v 
61.5 

wx 
71.5, 

• 

NM-184 5.1 yz 51.6 
w 

28.3 
c 

87.4 92.2 89.8 
a 

73.4 86.7 80'°ab 52.9 
xy 

84.7 
V 

68.8 
c 

TX-1733 25.5 
X 

54.6 
w 

40.0b 91.7 83.3 
8 7-5bc 

89.1 87.4 88.2z 77.1 
v 

89,7 
V 

83.4 
a 

HIMU-82 92.3v 86.lv  89.2 
a 

86.2 90.8 88.5, 92.9 80.8 86.8 
a 7 6-1™ vw 

86*9 
V 81-5ab 

*Where the analysis gave a significant accessions by light interaction, all the accession-light treatment combinations 
were tested (5% level, L.S.D. method) and interaction means followed by the same letter are not significantly 
different. 

fAccession column averages followed by the same letter are not significantly different (52 level, L.S.D. method). 



Table 7. Average percent germination for 200 seeds per treatment for the 26 C 
temperature 

Day of Observation 
2 4 6 8 

Treatments 
Accessions Light Dark Avg. Light Dark Avg. Light Dark Avg. Light Dark Avg. 

MAPIMI-82 0.0 0.0 o.ob* 33.7 28.3 31.0c 35.2 39.4 37.3d 33.8 42.4 38.1d 

DG0-136 0.0 0.0 0.0b 57.1 62.6 59.8d 60.8 55.3 76.7c 64.9 47.2 56.0c 

AGS-13 0.0 0.0 0.0b 71.3 77.5 74,4 c 
86.4 84.8 85.6b 87.7 84.5 86.1, 

NM-184 0.0 0.0 0.0b 86.4 90.5 88.4. b 94.5 92.5 93.5 , 
ab 

90.0 93.4 91*7ab 

TX-1733 0.0 2.5 1.2b 76.5 96.9 86.7 , 
ab 

74.7 95.7 85.2 . 
ab 

92.0 94.9 93.4a 

HIHU-82 74.0 88.0 81.0 
a 

94.4 97.2 95.8 
a 

95.4 97.4 96.4 
a 

98.6 97.0 97.8 
a 

^Accessions column averages followed by the same letter are not significantly different (53! level, L.S.D. method). 



Table 8. Average percent germination for 200 seeds per treatment for the 
21 C temperature. 

Day of Observation 
2 4 6 8 

Treatments 
Accessions Light Dark Avg. I.tght Dark Avg. Light Dark Avg. Light Dark Avg. 

HAPIMI-82 0.0 * 
z 

0.0 
z 

o.obt 0.0 
z 8'5y 4.2 

c 
21.6 24.4 23.0d 25.5 32.3 28.9d 

DG0-136 0.0 
z 

. 0.0 
z 

0.0b 0.0 
z °'5z 0.2d 21.9 21.7 21.8d 37.7 32.8 35.2d 

AGS-13 0.0 
z 

0.0 
z 

0.0. D 0.0 
z ^z 0-5cd 

40.8 58.5 49.6 
c 

58.8 56.8 57.8 
c 

NM-184 0.0 
z 

0.0 
z 

o.ou b 0.0 
z 

5.6y 2'8cd 
63.9 76.1 70.0b 86.0 89.4 87.7b 

TX-1733 "o.o 
z 

0.0 
z 

0.0b 0.5 
z 2*'7x 

12.6b 60.2 86.9 73.5b 78.7 83.7 81.2b 

HIMU-82 0.0 
z 

7.1 y 3.5 
a 

78.1 
w 

4U 82.2 
a 

84.8 94.9 89.8 
a 

96.4 98.1 97.2a 

*Where the analysis gave a significant accession by light interaction, all the accession-light treatment combinations 
were tested (5% level, L.S.D. method) and interaction means followed by the same letter are not significantly 
different. 

fAccession column averages followed by the same letter are not significantly different (5% level, L.S.D. method). 



Table 9. Average percent germination for 200 seeds per treatment for the 16 C 
temperature 

Day of Observation 
2 4 6 8 

Treatments 
Accessories Light Dark Light Dark Light Dark Light Dark Avg. 

MAFIMI-82 0.0 0.0 0.0 0.0 0.0 0.0 0.0 * 
z 

13.7 y 6.8 t 
c 

DGO-136 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
z 

4.0 
z 

2.0 
c 

AGS-13 0.0 0.0 0.0 0.0 0.0 0.0 °*°z 5.0 
z 

2.5 
c 

NM-184 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Z 

15.7 y 7.8 
c 

TX-1733 0.0 0.0 0.0 0.0 0.0 0.0 
^z 

35.3x 18.4, 
0 

HIMU-82 0.0 0.0 0.0 10.9 50.8 69.9 80.3 
w 85'4w 

82.8 
a 

"Where the analysis gave a significant accession by light interaction all the accession-light 
treatment combinations were tested (5% level, L.S.D. method) and interaction means followed 
by the same letter are not significantly different. 

•{"Accession column averages followed by the same letter are not significantly different (5% 

level, L.S.D. method). 

to 
00 
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DGO-136 made a high germination group, overlapping there 

was another group made of the accessions HIMU-82, DGO-136 

and AGS-13. The accessions NM-184 and MAPIMI-82 had the 

lowest germination and were different from each other and 

the other accessions, too. The significant interaction at 

eight days was due to NM-184 and AGS-13 with very different 

germination percentages in light and dark. This result was 

due mostly to a high number of abnormal seeds caused by 

numerous seedlings with stunted radicles in one replicate 

of the light treatment of NM-184 and the dark treatment of 

AGS-13. This phenomena might be caused by the over abun

dance of water, since it seems that root elongation takes 

place at less than optimum moisture conditions (Glendening, 

1941 in McGinnies, 1960). 

The 26 C temperature (Table 7) showed the overall 

trend for a slower rate of germination than at 30 C, even 

slightly for HIMU-82. The large differences found between 

light-dark treatments at 30 C-two days for some accessions 

did not show at 26 C. These differences, if they occurred, 

probably happened at three days. At two days only HIMU-82 

had a significantly high germination. At four days, 

HIMU-82 and TX-1733 made a high germination group, over

lapped by NM-184. The three other accessions had distinct

ly different percentage germination. At six days, almost 

the same pattern occurred again; the high germination 
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group consisted of HIMU-82, NM-184 and TX-1733. The 

lower germination accessions were DGO-132 and MAPIMI-82. 

At eight days, the groups had only slightly changed. The 

high germination group consisted of HIMU-82, TX-1733 and 

NM-184. The lower germination accessions were still 

MAPIMI-82 and DGO-136. 

The 21 C temperature run (Table 8) reduced further 

the rate of germination, and HIMU-82 hardly had any germina 

tion at two days. At two days, a significant interaction 

was due to the dark germination of HIMU-82 contrasting to 

zero germination at all other accessions and treatments. 

At the four-day observation, the interaction was still 

present where TX-1733, NM-184 and MAPIMI-82 showed signifi

cant differences between the light treatments. The acces

sion means of HIMU-82 and TX-1733 were significantly 

different from each other and all other accessions that 

made two lower overlapping groups. At six days, HIMU-82 

had the highest germination and was different from the rest 

A high germination group made of TX-1733 and NM-184 was 

followed by AGS-13, and another lower germination group 

made of MAPIMI-82 and DGO-136. At eight days the same 

pattern as the six-day observation was kept intact. 

The 16 C temperature (Table 9) proved to be an 

extreme temperature and only showed the initial part of the 

germination curve at eight days. I can not deduce if the 
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total germination was affected too. A significant 

interaction of accession by light occurred at eight days, 

where TX-1733, NM-184 and MAPIMI-82 showed light treatment 

differences but not the others. At least HIMU-82 had these 
* 

light differences much earlier at four and six days. The 

accession means of HIMU-82 and TX-1733 were the only means 

different from the others and themselves. All other acces

sions made a non-significant group. 

Table 10 shows length of plumule and radicle 

measured for each sample date for the temperature of 21 C. 

The relatively high coefficient of variation (C.V.) is due 

to the different ages of the seedlings observed. Plumules 

within an accession were always longer under dark treat

ments (etiolation effect) but the radicle was not neces

sarily longer. In all accessions the C.V. was higher in 

radicle than in plumule measurements. In general, for the 

S. airoides accessions, TX-1733 had greater plumule and 

radicle length but it also germinated earlier. At eight 

days, MAPIMI-82 had plumule and radicle lengths longer than 

TX-1733. But since these are averages of seedlings of all 

ages, it is probably not meaningful. The HIMU-82, with 

a higher rate of germination, had a much longer root and 

shoot than the S. airoides accessions. 



Table 10. Average length of plumule and radicle for the accessions germinated 
at the 21 C temperature 

Accessions 

Sample 
Day 

Light 
Treat
ment 

NM-184 

Plum. Rad. 

MAPIMI-

Plum. 

-82 

Rad. 

DGO-136 

Plum. Rad. 

AGS-

Plum. 

•13 

Rad. 

TX-1733 

Plum. Rad. 

HIMU-82 

Plum. Rad. 

4 
light 1.31f 1.70f 

Days 
dark 0.62 0.83 1.29 1.67 

6 
light 0.66 1.81 0.69 1.38 0.66 1.21 0.65 1.11 0.70 1.48 1.67 1.60 

Days dark 0.86 1.23 1.20 1.53 0.99 1.56 0.96 1.78 1.57 2.00 1.99 2.55 

8 
light 0.77 1.70 0.79 1.64 0.96 1.56 0.95 1.35 0.95 2.47 1.97 2.13 

Days 
dark 1.57 1.66 1.84 2.26 1.65 1.67 1.31 1.67 1.83 2.10 2.24 2.01 

Average C.V. 20.3 29.1 23.2 32.6 20.9 33.7 22.5 34.9 18.7 31.5 28.0 35.1 

ANo germination recorded. 

fAverage of 10 seedlings from each of two petri dishes. All measurements' in mm. 
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Discussion 

At the accession level, I observed certain trends 

that in most cases are supported by statistics. I shall 

leave MAPIMI-82 to the last, since I think specific mecha

nisms are at work resulting in its low germination. It is 

apparent that TX-1733 is the most vigorous S. airoides 

accession. At the beginning of the germination at each of 

the temperatures, it is usually significantly different to 

the other accessions (30 C and 21 C, two and four days). 

The NM-184 accession followed closely and was more similar 

to TX-1733 than to any other accessions, since it paired 

with it very quickly at the first readings and at 21 C; 

TX-1733 and NM-184 made a distinct group at six and eight 

days. In the case of the Mexican accessions, there was 

more discrepancy. At 30 C, all the accessions (except 

MAPIMI-82) made a group after four days, this was due to 

the high temperatures that hastened the rate of germination 

and for all purposes the total germination was found at 

four days. The Mexican accessions, AGS-13 and DGO-136 

under 30 C, made a tight similar germination curve, but at 

20 C, AGS-13 separated and went together with the high 

germination group at six and eight days. At the colder 

temperature, 21 C, the same pattern occurred, although 

AGS-13 was not able to "join" the high germination group 

of the American accessions, showing a cold temperature 
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sensitivity. This sensitivity was marked with DGO-136, and, 

it was not significantly different from the low germination 

of MAPIMI-82. 

Two major facts come to mind from these germination 

curves, if one thinks in terms of American vs. Mexican ac

cessions. The Mexican accessions seem to have an optimum 

temperature closer to 30 C than to 26 C, and were more cold 

sensitive than the American ones. The American accessions7 

contrastingly, tended to have their temperature optimum 

closer to 26 C than 30 C, and were not affected so much by 

colder temperatures. Within these two groups there was a 

high vigor ecotype. For the American accessions, TX-1733 

had the highest germination of this group and of all the 

S^. airoides accessions tested. In the case of the Mexican 

accessions, AGS-13 showed less sensitivity to lower 

temperatures; this might be due to higher vigor seeds or 

simply to an environmental adaptation. The latter might be 

a better explanation, since both accessions had a similar 

high germination at 30 C. 

If we follow the Mexican and American averages of 

light and dark treatments across time, we find the same two 

points made above, that of different temperature optima and 

the cold sensitivity of Mexican accessions. But they also 

show in the American accessions a greater difference 

between light and dark, especially at the start of 
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germination, and at temperatures outside the 26 C optimum. 

These differences were evident at 30 C-two days, 21 C-four 

and six days and at 16 C-eight days. In the Mexican acces

sions, the same phenomena was observed but with less degree. 

Outside the 30 C, the differences were greater, but this is 

probably even less significant than in the case of the 

American accessions. These trends call for a better experi

mental design to be able to determine if they are part of 

the variation in seed or real properties of the seed 

population. 

The MAPIMI-82 accession showed an overall low 

germination, and it is suspected that an incomplete 

scarification was the cause. Data from preliminary tests 

not shown give a germination above 80% but those tests 

were made with a single seed size. Nonetheless, the 

pattern of germination can be generalized, and we find a 

germination response which differs between the behavior 

American and Mexican accessions. At two days, 25 C, the 

germination was low compared to 30 C, at four days it had 

already a higher germination than the 30 C-four days, and 

peaked at six days with 40% germination. This would point 

to an optimum temperature of 26 C instead of the 30 C of 

the other Mexican accessions. But, on the other charac

teristic, cold sensitivity, I did find the dramatic 

decrease of germination. This would suggest that MAPIMI-82 
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stands somewhat in the middle of a gradient of germination 

characters for the species. 

The HIMU-82 seeds had a different germination 

strategy than S. airoides; it had an extremely high rate 

of germination. Although HIMU-82 showed some light 

sensitivity, it was not significant and not apparent out

side of the colder temperatures, 21 C and 16 C. It did 

show a temperature optimum of 26 C, but I think this might 

be an artifact of the experimental conditions. The seeds 

and seedlings of this species seemed to be fungi-prone. 

This could possibly be due to endosperm digestibility, 

since seeds that did not germinate were dissolved if not 

covered with fungi. It seems that in certain petri dishes 

at 30 C, anaerobic conditions occurred and some seedlings 

were affected, showing very flimsy tissues. But, the most 

drastic reductions in the germination were due to high, 

abnormal seedlings that were up to 30% in some cases (most 

replicates) and even 60% (one replicate) at the 16 C 

temperature, for example. All these abnormal seedlings 

were subtracted from the total, therefore, did not affect 

the germination percentages directly. However, it did 

increase the variability of the results from sampling day 

to day. This variability resulted in small differences 

for the light-dark effect. In the case of 30 C, the per

centages switched back and forth from sample to sample. 



This species was not affected greatly by the lowering 

temperatures, the effect was mostly of slowing the rate 

but it was not nearly as drastic as with the S. airoides 

accessions. 



STUDY 2. EFFECTS OF DEPTH OF SEEDING AND 
SOIL TEXTURE ON THE ESTABLISHMENT OF 

TOBOSA AND FIVE ALKALI SACATON 
ACCESSIONS 

Literature Review 

The appreciation for the importance of the effects 

of the depth of seeding on the emergence of plants mostly 

has been centered around commercial plants and not until 

recently has the magnitude of the problem been realized 

when range reseeding programs are on the uprise. Beveridge 

and Wilsie (1959), working with three varieties of alfalfa 

and 0.5-(l.27 cm), 1.0-(2,54 cm), 1.5-(3.81 cm) inch depths, 

found a decrease in emergence as depth increased in a green

house study. The effects also were apparent in field 

trials. In the greenhouse, the rate was much slower as 

the depth increased, but in the field trials such a pattern 

was not evident. It was speculated that perhaps higher 

moisture at deeper levels counteracted the time lag of a 

larger growth investment. No relationships between seed 

size and emergence or rate of emergence at any depth could 

be concluded, but there was a strong relationship between 

seed size and seedling vigor measured as dry weight per 

plant. Heydecker (1956), using a gradient of depths and 

seeds of lettuce, carrot and onion, was able to calculate 

38 
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confidence intervals for each of the species to define the 

best range of seeding depths. By sowing seeds shallower 

than optimum, the emergence was reduced and retarded com

pared to optimum depths. In contrast, by deeper sowings he 

found a reduction of number of seedlings and also delayed 

emergence. 

The most extensive study of depth of seeding has 

been done for wheatgrass species. Lawrence (1957), using 

24 clonal lines of Agropyron intermedium and seed weight 

classes, found that deeper sowings delayed emergence; but, 

there was no evidence that larger seeds emerged sooner. 

The optimum depth of seeding was 1-2 inches (2.54-5.08 cm) 

and the author considered the experiment a way to select 

clonal lines for breeding purposes, since even at 3 inches 

(7.62 cm) there were some lines that still had emergence of 

40%. Hull (1964), exploring the seed competition of 

cheatgrass against wheatgrasses, found that it was neces

sary to bury cheatgrass below 2 inches (.5.08 cm) to find 

any appreciable delay of its emergence. All grasses had 

highest emergence at 0.5 inch (1.27 cm) depth in an out

side experiment with only rain and snow as irrigation (but 

not field conditions). 

Arnott (1969), working with Lolium perenne and 

seeds from different weight ranges, found that seedlings 

from the heavy seeds were heavier and had more leaves and 
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tillers than those from light seeds when seeded at the 

same depth. The deeper sowing reduced seedling weight and 

rate of leaf and tiller production. Relative growth rates 

were associated with sowing depth but not directly affected 

by seed weight. 

Lawrence (1963), using 12 clones of Russian wild 

ryegrass found that seed size and emergence had higher 

correlations in the field than in greenhouse conditions. 

The comparative reductions between depths in greenhouse vs. 

yield showed that each increment of seeding depth had a 

higher reduction in the field than in the greenhouse. 

High-yield clones with larger seeds had higher emergence 

rates than low-yield clones with smaller seeds. 

Knipe (1970) found that large seeds of S. airoides 

sown at 0.5-inch (1.27 cm) and 1-inch (2.54 cm) depth had 

above 80% germination but with small seeds at 0.5-inch 

(1.27 cm) depth there was only 50% and at 1-inch (2.54 cm) 

15% after 14 days. At 1.75-inch (4.44 cm) depth of seed

ing, the large seeds still had some emergence (22%), but 

the small seeds failed to emerge. Root and shoot lengths 

showed significantly longer lengths for seedlings from 

large seeds than from smaller seeds at 7 and 14 days after 

sowing observations. 
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Methods 

Two soil types were collected near the San Xavier 

Mission. The sandy bottom was collected from the Santa 

Cruz river bottom along Highway 89 Tucson-Nogales at the 

intersection with the San Xavier Mission road. The crack

ing clay soil was collected in an abandoned farm currently 

used by the USDA-ARS about 1 km south of the San Xavier 

Mission. The sandy soil was collected from the surface to 

15- to 20-cm depth. The cracking clay was collected from a 

border of the planting flats to a depth of 25 to 50 cm. 

Both soils were seived in the field to avoid large stones 

and plant parts. The textures of the soils are given in 

Table 11, and the analysis of sand fractions for the sandy 

bottom are summarized in Table 12. The pH of the saturated 

paste for the sandy bottom was 7.8, and for the silty clay 

7.5, average of three samples. The salinity of the 

saturated paste extract for the sand was 0.7 mmhos/cm and 

for the silty clay 1.6 mmhos/cm. 

The soils were thoroughly mixed in a cement mixer 

before potting in standard 6-inch diameter plastic pots. 

Each pot was lined with a folded paper towel on the bottom. 

Pots were labeled and marked inside the pots with four 

depths: 0.0, 0.5, 1.0 and 1.5 cm. The surface level was 

kept constant and only the sowing surface was lowered. 

For each depth and soil type, a certain constant density 
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Table 11. Texture analysis of the soils used in this 
study. — Means are for 3 samples from the 
mixture before potting. All figures in 
percent. 

Sand Silt Clay Gravel 

Sand Bottom 
» 

X 94.03 1.05 4.02 5.86 

C.V. 0.08 1.45 1.05 26 .82 

Designation: Sand 

Cracking Clay 

X 5.99 45.34 48.67 0.33 

C.V. 1.35 2.64 2.29 42.18 

Designation: Silty Clay 
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Table 12. Sand fraction analysis for the Sandy Bottom soil 
used in this study. — All figures in percent 
(n = 3). 

U.S.D.A. Designation 
very coarse medium fine very 
coarse sand sand sand fine 
sand sand 

Fraction Size (microns) 
1,000 500 250 125 53 < 53 

X 17.53 29.77 38.30 12.10 2.03 0.21 

C.V. 16.26 5.70 5.22 16.03 37.06 35.68 
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of soil was attained by first observing with taping of the 

pot how much soil was needed in weight to keep the depth 

correct. Then, all pots were filled with the same soil 

weight for that same depth and soil type. The pots were 

filled about one-half, tapped two or three times and filled 

to the standard weight, then tapped two or three times 

again. Because the soil had not been oven-dry, the weights 

changed slightly (as much as 16.5% by weight) from batch to 

batch from the mixer, but the standards were not changed 

within replications. The seeding was done by calculating 

25 germinable seeds per replicate, using the germination 

results from study 1, with temperature 32 C and germination 

to 8 days.. Each accession needed a total number of seeds 

per replicate of: 

N. M.-1S4 28 seeds 

MAPIMI-82 65 seeds 

DGO-136 31 seeds 

AGS-13 31 seeds 

TX-1733 32 seeds 

HIMU-82 33 seeds 

Before sowing the seeds, a glass petri dish bottom 

was used to smooth the surface without pressing the soil. 

After the soil was placed over the seeds at the three 

depths, the same procedure was repeated. 
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A completely randomized experimental design was 

used with six replicates for each accession. Each accession 

was assigned a position within a central greenhouse bench, 

without leaving any pots close to the fan. The pots were 

placed in pans, these were filled at 7:00 am to the rim and 

kept to that level until full capacity was apparent by the 

shiny surface of all pots. Brown butcher's paper was used 

to cover all the pots for the initial 24 hr to reduce ini

tial evaporation. The pans were watered every two days to 

maintain the level of the water; they were occasionally 

drained for 48 hr to control algae growth. A seedling was 

considered fully established when its plumule or shoot was 

1.5 cm long and showed no abnormalities. Seedlings con

sidered established were tagged with a colored toothpick to 

make data counts easier. Every 24-hour period all new 

established seedlings were recorded. Every two days a 

complete census was made of each replicate; recording the 

established seedlings and also a separate category for 

seeds that "germinated." This latter category was defined 

as a visible radicle or plumule in the case of surface sow

ings, and any shoot above the soil surface in the case of 

the other depths (^mergence in the strict sense). The 

percentage figures of Tables 13 to 18 are the sum of these 

two-day census data. 



Table 13. Cumulative percentage survival of germinated and emerged seed 
for Sporobolus airoides (Mapimi-82) 

Days 

Soil Depth 4 6 8 10 12 14 18 20 29 

Clay 0.0 52.7 59.3 62.7 62.7 60.7 62.0 64.0 68.7 68.7 

0.5 8.0 • 8.7 9.3 9.3 9.3 12.0 17.3 39.3 54.7 

1.0 8.0 10.7 12.7 12.0 13.3 13.3 16.0 50.7 61.3 

1.5 1.3 7.3 9.3 9.3 9.3 11.3 14.0 23.3 36.7 

Sand 0.0 28.0 30.7 31.3 28.7 29.3 18.0 17:3 19.3 21.3 

0.5 0.0 2.0 2.0 3.3 3.3 8.0 12.0 32.7 57.3 

1.0 0.0 0.7 0.7 1.3 1.3 1.3 23.3 34.7 45.3 

1.5 0.0 0.0 0.0 0.0 0.7 2.0 14.0 16.7 35.3 



Table 14. Cumulative percentage survival of germinated and emerged seed 
for Sporobolus airoides (Durango-136) 

Days 

Soil Depth 4 6 S 10 12 14 18 20 29 

Clay 0.0 34.0 40.7 42.0 43.3 40.7 40.7 46.0 46.0 49.3 

0.5 4.7 11.3 16.7 16.7 22.7 30.0 48.0 58.0 88.0 

1.0 8.0 12.7 16.0 24.7 25.3 44.0 50.0 68.0 90.7 

1.5 0.0 1.3 4.0 5.3 6.0 7.3 8.0 25.3 58.0 

Sand 0.0 26.7 30.7 30.0 30.0 28.0 23.3 20.0 24.0 33.3 

0.5 0.0 0.7 1.3 2.0 2.0 2.7 5.3 10.7 47.3 

1.0 0.7 0.7 1.3 2.0 2.0 2.7 12.0 19.3 42.7 

1.5 0.0 0.0 0.7 0.7 0.7 0.7 3.3 6.7 26.0 



Table 15. Cumulative percentage survival of germinated and emerged seed 
for Sporobolus airoides (Aguascalientes-13) 

Days 

Soil Depth 4 6 8 10 12 14 18 20 30 

Clay 0.0 50.7 56.0 61.3 58.7 58.0 58.0 62.7 63.3 66.0 

0.5 2.7 6.0 8.0 8.7 8.7 11.3 20.7 64.7 96.7 

1.0 1.3 2.7 3.3 3.3 3.3 5.3 13.3 70.0 94.0 

1.5 0.0 0.7 0.7 0.7 1.3 3.3 20.0 54.7 92.7 

Sandy 0.0 36.0 38.7 42.7 34.7 28.0 24.7 18.7 22.0 23.3 

0.5 0.0 0.7 1.3 1.3 0.7 2.7 12.7 46.7 84.0 

1.0 0.0 0.0 0.0 0.0 0.0 7.3 40.0 60.0 87.3 

1.5 0.0 0.7 9.3 14.0 14.0 16.7 26.7 36.7 66.0 



Table 16. Cumulative percentage survival of germinated and emerged seed 
for Sporobolus airoides (Texas-1733) 

Days 

Soil Depth 4 6 8 10 12 14 18 20 30 

Clay 0.0 64.7 74.7 75.3 76.7 75.3 75.3 76.0 75.3 74.0 

0.5 0.0 8.7 8.7 10.0 10.7 26.7 42.7 90.7 89.3 

1.0 0.7 3.3 3.3 3.3 5.3 18.0 28.7 74.0 92.0 

1.5 0.0 0.7 0.7 0.7 0.7 0.7 11.3 70.0 93.0 

Sand 0.0 51.3 56.0 51.3 48.7 47.3 33.3 33.3 35.3 35.3 

0.5 0.0 3.3 5.3 10.0 10.0 23.3 42.0 72.0 87.3 

1.0 0.0 0.0 1.3 1.3 2.0 2.0 32.7 38.0 54.0 

1.5 0.0 0.7 0.7 0.7 0.7 0.7 18.0 23.3 64.0 



Table 17. Cumulative percentage survival of germinated and emerged seed 
for Sporobolus airoides (New Mexico-184) 

Days 

Soil . Depth 4 6 8 10 12 14 18 20 30 

Clay 0.0 70.7 77.3 78.7 72.0 70.7 74.7 77.3 76.7 76.0 

0.5 0.7 1.3 1.3 1.3 2.0 2.0 14.0 53.3 60.7 

1.0 0.7 2.0 4.0 4.0 4.0 4.7 7.3 49.3 64.0 

1.5 0.7 6.0 8.0 8.7 8.7 10.7 10.0 41.3 50.7 

Sand 0.0 49.3 57.3 55.3 53.3 40.7 30.7 24.0 32.7 32.0 

0.5 0.0 1.3 1.3 0.7 1.3 3.3 16.0 29.3 45.3 

1.0 0.0 0.0 0.7 0.7 0.7 2.0 15.3 18.7 26.0 

1.5 0.0 0.0 0.0 0.0 0.0 0.0 3.3 7.3 16.0 



Table 18. Cumulative percentage survival of germinated and emerged seed 
for Hilaria mutica (Himu-82). 

Days 

Soil Depth 4 6 8 10 12 14 18 20 30 

Clay 0.0 

CO CO 1—
1 

24.0 22.0 21.3 16.7 

•—
i 

16.7 22.0 22.7 

0.5 2.0 3.3 3.3 4.0 4.7 4.7 4.7 4.7 4.7 

1.0 4.0 5.3 5.3 5.3 5.3 5.3 5.3 5.3 5.3 

1.5 3.3 4.0 4.7 4.7 4.7 4.7 4.7 4.7 4.7 

Sand 0.0 8.0 12.7 8.0 6.0 5.3 5.3 5.3 5.3 8.7 

0.5 0.0 0.0 o
 

* o
 

0.0 0.0 0.7 0.7 0.7 0.7 

1.0 0.0 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 

1.5 0.0 0.0 0.0 0.0 

o
 
o
 0.0 0.0 0.0 0.0 
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The 24-day record of temperature and relative 

humidity inside the greenhouse was as follows: 

mean max. temp. 35.04 C (C.V. 6.2%) 

mean min. temp. 28.25 C (C.V. 3.3%) 

extreme max. temp. 41 C (range 41-32.5 C) 

mean max. R.H. 67.8 % (C.V. 10.5%) 

mean min. R.H. 33.2 % (C.V. 20.3%) 

extreme max. R.H. 80 % (range 80-62%) 

extreme min. R.H. 16 % (range 44-16%) 

The data were analyzed as a completely randomized 

design with a factorial of two soils by four depths for 

each accession. These complete ANOVAs were done for days 

10 and 20 after sowing. Establishment counts were trans

formed with: arsin / (establishment + 3/8) / (25 + 3/4) 

to assure normality and stabilize the variance. Mean 

separation was made with the Least Significant Difference 

method (Little and Hills, 1978) between depths within each 

soil and between soils for each depth. An alpha level of 

10% was utilized throughout all statistical tests. 

and surviving seedlings through time for each species and 

accession. All accessions at the surface sowings, in clay 

and sand, had an early peak, a long decrease and a sudden 

Results 

Tables 13 to 18 present the cumulative emergence 
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increase at the end of the experiment. The first peak 

appears at six to eight days, and is twice as large in the 

clay soil as in the sand. Mortality was lowest and earlier 

in clay and the decrease was usually 10% points less than 

the first peak. The second and later peak at 30 days, in 

percent seedlings was more apparent at depths other than 

surface sowing and is mostly accession dependent. To be 

specific, TX-1733 and NM-1S4 germination and seedling sur

vival did not exceed their initial peak for surface seeding. 

The MAPIMI-82, DGO-136 and AGS-13 accessions added about 

10% germination and seedling survival during the latter 

days of the study compared to the first peak. 

At depths other than the surface, germination and 

emergence of all accessions at first was gradual and had a 

large burst of emergence at about 20-30 days. In the case 

of DGO-136 and MAPIMI-82 in clay, depth did not hinder 

emergence as much as the other accessions. The most sensi

tive accession to burial was NM-184 and TX-1733 for the 

first 15 days and after that, TX-1733 increased to the 

point that the deeper the sowing the higher the total num

ber of emergent seedlings in clay. When comparing surface 

versus deeper plantings, NM-184 and MAPIMI-82 showed low 

total emerged seedlings at 30 days at all depths in clay. 

All other S. airoides accessions showed an increase at 
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deeper depths, DGO-136 had almost twice as many emergent 

seedlings at 1.0 than at 0,0 cm at 30 days. Each accession 

had its highest total emerged seedlings at 30 days at dif

ferent depths; AGS-13 had 97% total emergence at 0.5 cm and 

TX-1733 had the highest emergence at 1.5 cm with 93%. 

In the sand patterns were different. The DGO-136 

accession was more sensitive to burial than NM-184 for the 

first 20 days, at 30 days they had about the same emergence. 

In most cases the highest total emergence at 30 days was 

at 0.5 cm and was more than twice as large as the surface 

sowings. In sand, TX-1733 had the highest emergence at 

0.5 cm and AGS-13 at 1.0 cm, both with 87% emergence. 

The HIMU-82 accession had two emergence peaks when 

surface sown and emerged more rapidly than the S. airoides 

accessions. Emergence was low and constant without a late 

peak at 30 days as the other accessions had. Germination 

in sand was significantly less at the surface and was about 

half as for seedlings on clay after four days. Seedling 

survival from surface seeding on sand decreased to about a 

third of the survival from the clay surface sowing by 

30 days. 

Table 19 shows the seedling establishment at 10 

days. All _S. airoides accessions showed nonsignificant 

differences among depths for the sand sowings. All analy

ses (an example is shown in Appendix Table A-2) showed a 



Table 19. Seedling establishment percentages at 10 days for six accessions 

Accessions 

Depth Soil MAPIMI-82 DGO-136 AGS-13 TX-1733 NM-184 HIMU--82 

Clay 24.0 Af 17.3 A 10.7 A 6.7 A 26.7 A 6.0 A 
0.0 * * * * * 

Sand 0.7 a 1.3 a 1.3 a 0.0 a 0.0 a 5.3 a 

Clay 6.3 B 3.3 BC 3.3 B 0.7 B 0.7 B 3.3 A 
0.5 * * 

Sand 0.7 a 0.0 a 0.0 a 0.0 a 0.7 0.0 b 

Clay 4.7 B 4.7 B 1.3 BC 0.0 B 1.3 B 5.3 A 
1.0 * * 

Sand 0.7 a 0.0 a 0.0 a 0.0 a 0.7 a 0.7 b 

Clay 4.0 B 0.7 C 0.0 C 0.0 B 0.0 B 4.7 A 
1.5 * 

Sand 0.0 a 0.0 a 0.0 a 0.7 a 0.0 a 0.0 b 

fAny two row means of clay not followed by the same capital letter are signifi
cantly different. Any two row means of sand not followed by the same lower case 
letter are significantly different (5% level, L.S.D. method). 

•Significant comparisons between soil types at the same depth for each accession 
are denoted by an asterisk. All comparisons were made with the transformed data. 
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significant depth by soil type interaction, except for 

HIMU-82. In clay soil, NM-184, MAPIMI-82 and TX-1733 

showed significant differences between the surface and all 

other depths (these were not different to each other). In 

these accessions, the only significant difference between 

soil types was also at the surface. For the DGO-136 and 

AGS-13, surface sowing was also significantly different 

from other depths and these latter ones made two groups. 

Establishment of DGO-136 at 0.5- and 1.0-cm depths was 

similar and 0.5- and 1.5-cm depths were also similar. In 

AGS-13, establishment at 0.5- and 1.0-cm depths was similar 

and 1.0- with 1.5-cm depths were also similar. Differences 

between soil types for each depth were significant for all 

but 1.5 cm in the case of DGO-136. With AGS-13, at surface 

and 0.5-cm depth were the only significant differences for 

soil types. The HIMU-82 accession showed no differences 

between depths in clay soil. For the sand only, the sur

face sowing was significantly different from all the other 

depths. The seedling establishment at deeper depths of 1.0 

and 1.5 cm was significantly different between soils, but 

not at the other two depths. 

Table 20 shows the means and analyses for seedling 

establishment for each accession at 20 days. In all acces

sions, with the exception of DGO-136, surface sowing was 

still significantly different and higher than the other 



Table 20. Seedling establishment percentages at 20 days for six accessions 

Accessions 

Depth Soil MAPIMI -82 DGO-: 136 AGS-13 TX-1733 NM-184 HIMU--82 

Clay 60.2 Af 41.3 A 57.3 A 70.0 A 72.7 A 16.0 A 
0.0 * * * * * * 

Sand 2.0 a 4.0 a 5.3 a 4.0 a 8.0 a 5.3 a 

Clay 13.3 B 35.3 A 13.3 B 20.0 B 5.3 C 4.7 B 
0.5 * * * * * 

Sand 2.0 a 1.3 a 1.3 a 2.7 a 1.3 b 0.7 b 

Clay 15.3 B 35.3 A 4.7 B 15.3 B 5.3 C 5.3 B 
1.0 * * * * 

Sand 0.7 a 0.7 a 0.7 a 1.3 a 0.7 b 0.7 b 

Clay 10.7 B S.O B 6.0 B 0.7 C 11.3 B 4.7 B 
1.5 * * * 

Sand 0.0 a 0.7 a 0.7 a 0.7 a 0.0 b 0.0 b 

fAny two row means of clay not followed by the same capital letter are signifi
cantly different. Any two row means of sand not followed by the same lower case 
letter are significantly different (5% level, L.S.D. method). 

•Significant comparisons between soil types at the same depth for each accession 
are denoted by an asterisk. All comparisonj were made with the transformed data. 
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depths. The NM-184 accession showed for clay that the 

0.5- and 1.0-cm establishment depths were similar and 1.5-cm 

depth and surface were different. In sand, NM-184 was the 

only S. airoides accession that showed establishment dif

ferences, where surface was significantly different from all 

the other depths that were similar among themselves. All 

the depth establishments were significantly different be

tween clay and sand. For DGO-136, the depth by soil inter

action was significant, for clay only the establishment at 

1.5-cm depth was different from all the others. Only 

establishment at 1.5-cm depth showed nonsignificant dif

ferences between soils. With AGS-13, all the depths but 

surface sowing showed similar establishment. Only the 

surface and 0.5-cm depth establishment were different 

between soil types. 

The MAPIMI-82 showed significant differences, but 

between soil types, all establishment means were different 

within each depth. The TX-1733 had the surface sowing 

significantly different from a middle group of establish

ment at 0.5 and 1.0 cm; and at 1.5 cm the low establishment 

was different also from this group. Only the 1.5-cm depth 

establishment was different also from this group. Only 

the 1.5-cm depth establishment did not show a significant 

difference of establishment between soil types. With 

HIMU-82, the only depth that was different to all others 
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was surface in clay and sandy soils. At the 0.5-cm depth, 

there were no differences of establishment between soil 

types. 

Discussion 

The most apparent result of this study was the poor 

establishment for all accessions on sandy soil. An avail

able water difference between the two soils can supply a 

working hypothesis. Although both soils were at field . 

capacity on a soil-weight basis, the sand held less water 

than the clay (Donahue, Miller and Shickluna, 1977). Also, 

the soil moisture constant (percentage available water 

between 1/3 and 15 bars) for a clay is about five times 

more than sandy soils (Donahue et al., 1977). Indirect 

evidence for this hypothesis is shown by the total germi

nated seeds in sand. The surface seeds on sand were in 

contact with less pores with water than with the clay. 

This relation changed when the seeds were buried, since hav

ing sand particles all around there was also a water matrix 

around the seed and, therefore, better seed-water-soil 

contact. 

Perhaps temperature differences could have caused 

some stress, since both soils had different color and pore 

size, I believe, the heat load could have been different. 

Monitoring three pairs of just below surface thermocouple 
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thermometers over 10 hrs during two days showed only in one 

sand-clay pair in one day a significant difference at the 

10% level (out of six t-test pair-wise comparisons). Not 

only was there a moisture differential but also a shear 

mechanical barrier for the young root growing point. At the 

sand surface, it was evident that the root could not pene-
» 

trate the surface as seedlings showed an arching root that 

sometimes propped the seedling up from the surface. Not 

until a secondary root was able to penetrate the sand sur

face was there any apparent growth of the seedling. 

The seedling establishment data were only analyzed 

for 10 and 20 days because 1 think that a 30-day field 

capacity situation should be quite rare under natural con

ditions, at least within the experience from our site at 

Mapimi. Although, one must realize that those rare occa

sions could conceivably be the main source of seedlings 

contributing to the grassland population, since by 30 days 

close to the potential of the•germinable seed is accom

plished. I would like to point out that the surge at 30 

days means that the seeds had long before that a root 

probably as deep as the surface seedlings, as I observed 

when discarding the pots. We do not know enough about the 

effect of different soilwater contents on the growth of a 

seedling to establish that a deeper seed can exploit a 

"wetter" soil. At 30 days the emergence of those seedlings 
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would have had a high probability for survival, since the 

root had enough time to go to deeper soil. In other words, 

the surface sowing or the early germinated seeds had a green 

leaf earlier than the late germinators, but they also would 

have a higher risk of not surviving. 

Sporobolus airoides seems to be adapted for flood-

plain germination where there is ample supply of water as 

shown by its delayed emergence and the increased seedling 

emergence and survival in clay soil. Two mechanisms, then, 

can be discerned for each subpopulation, the early and late 

germinators. Under year to year conditions the early 

germinators would be favored and these would be surface 

sowings. But since there is a light inhibition (Study 1), 

it is probable that a thin mulch is necessary, enough to 

stop bright light but not to impede emergence, such as 

flood detritus. It seems this is better than sediments 

that would delay emergence to the point where in a yearly 

basis the water status would be insufficient to allow the 

seed to germinate and emerge. Undoubtably, this subpopula

tion is subjected, I believe, to wide fluctuations in the 

seed bank due to mortality. On the other hand, the late 

germinators could only emerge under a very rare large flood 

that would give field capacity conditions for a relatively 

large period of time. For those late germinators sediment 

can actually improve emergence (for example TX-1733 in 
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this study), perhaps by enveloping the seed with a water-

soil matrix much better than at shallower sowings. 

Hilaria mutica establishment showed a great reduc

tion from its potential germination under controlled con

ditions (Study 1). My explanation is that the seeds' 

endosperm is highly digestible, perhaps soluble starches 

or simple carbohydrates, and this makes it highly vulnerable 

to the attack of microorganisms, especially under field 

capacity conditions. 



STUDY 3. EFFECTS OF SODIUM CHLORIDE AND POLYETHYLENE 
GLYCOL WATER POTENTIALS ON TOBOSA AND 

ALKALI SACATON GERMINATION 

Literature Review 

Two of the most important factors, salinity and 

available water, that influence the germination of desert 

plants require proper research tools to simulate field 

conditions. Early experiments by Uhvits (1946) used 

mannitol as a solute to produce solutions of different 

osmotic potentials. Until recently, several workers have 

shown (Sharma, 1973, 1976) that mannitol in most cases 

does not adequately model osmotic effects, since some of 

the solute goes inside the seed and can produce toxic re

sponses. Tapia and Schmutz (1971) found, using mannitol, 

that Eragrostis lehmanniana was very sensitive to lowering 

of osmotic potentials, but with Trichachne californica 

and Setaria macrostachya not until the -12 atm was the 

rate and total germination considerably reduced. McGinnies 

(I960), using cool season grasses and mannitol at 10, 20 

and 30 C, found a great interaction between temperature 

and moisture stress. At an optimum temperature of 20 C, 

all species could germinate up to -15 atm but at any of 

the other two tempertures, germination was much lower. 

63 
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McGinnies also found a greater correlation of seed weight 

to germination at lower osmotic potentials indicating the 

importance of seed vigor under stress conditions. 

Recently numerous workers have turned to the use of 

polyethylene glycol (PEG) of various molecular weights in 

hopes of avoiding any membrane passage of the solutes 

through the seeds. Thill, Schirman and Appleby (1979) 

compared the age of PEG 20 000 and osmotic stability to 

mannitol with wheat germination. The age of the PEG 

solutions did not give significant biological differences 

in wheat germination for either rate or total germination. 

At equal osmotic potentials, the rate of germination was 

more rapid under mannitol than under PEG. Using soil 

media equilabrated with different PEG solutions, Thill, 

et al. (1979) found that wheat emergence rate was linearly 

related to the germination rate with PEG but not to 

mannitol solutions. 

Sharma (1973) compared the effectiveness of 

drought simulation by NaCl, mannitol and PEG 20 000 sol

utions with a wide range of species. Although there was 

an identical qualitative reduction of rate and total ger

mination for all solutions, some were more effective. In 

order of severty, he found PEG, NaCl, mannitol for all 

species studies. In the case of NaCl and mannitol, it 

was suspected that some had entered the seeds. Using a 
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special technique, Sharma (1973) was able to simulate 

drought with a soil-PEG system that gave identical results 

to the soil-PEG system matric potentials. Osmotic-mannitol 

showed a different response through the potentials tested, 

although its deviation from the other treatments depended 

to an extent on the species used. Since NaCl showed 

toxicity levels and mannitol showed nonrealistic drought 

simulation, the author postulated that PEG 20 000 can 

produce the same drought effects of a matric potential 

solution in a soil system. Sharma (1976), studying a 

wide range of temperatures and osmotic and matric poten

tial interactions on Australian shurbs and grass, found 

using PEG 20 000 that all species germinated better at 

lower potentials in the vicinity of the optimum tempera

ture. Danthonia caespitosa was more sensitive to low 

matric potentials outside the optimum temperature than 

the Atriplex species. At 10, Danthonia germination was 

similar in PEG and NaCl solutions; but at 20 and 30 C, 

germination was higher in NaCl solutions across all water 

potentials. Conversely, A. vesicaria at high water poten

tials had similar germination in PEG and NaCl at all tem

peratures. But, at low water potentials, the germination 

in NaCl was higher than in PEG solutions. 
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Williams and Shaykewich (1969), evaluating PEG of 

20 000 and 6 000 average molecular weight against a pressure 

membrane, showed that in a -0.51 to -15.3 bars range there 

is no significant difference between the solutions and the 

pressure membrane measurements. Michel and Kaufman (1973) 

found the same with PEG 6 000 using thermocouple psychro-

meters and vapor pressure osmometers. Lagerwerff, Ogata 

and Eagle (1961), searching for an adequate osmoticum to 

use with nutrient solutions concluded that PEG 4 000, 6 000 

and 20 000 were the least toxic to kidney bean plants at 

-1 atm. But, large amounts of A1 and Mg made dyalysis 

necessary to reduce toxicity to the minimum. They also 

found an interaction between PEG and cations. In mixed 

solutions, when the ionic concentrations were increased, a 

synergistic effect was found, the osmotic pressure measure

ments were greater than the addition of the individual sol

ution measurements. 

Range grass germination, thus far, has been done 

with NaCl and mannitol as osmoticum, Knipe (1968), using 

mannitol at 20 C with S. airoides, H. jamesii and B. 

gracilis with a range of -1 to -16 atm, found S. airoides 

as the most sensitive species, with potentials of even -1 

atm reducing the rate and total germination. Hilaria 

jamesii and B. gracilis were not affected until -7 or 
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-10 atm. The time to get to 90% germination for S. airoides 

was doubled by solutions of -1 to -4 to -7 atms. But with 

H. jamesii and B. gracilis, it did not happen until -4 atms. 

Knipe and Herbel (1960), using mannitol solutions from -0.3 

to -20 atm at 20 C and with several range grasses, found 

that H. mutica, Muhlenbergia porteri and Bouteloua eriopoda 

did not have significant differences in their total germin

ation than the other species. Hilaria mutica showed the 

largest radicle growth at -0.3 and -3.0 atm compared to the 

other species, but its plumule growth was affected by osmotic 

potentials and Muhlenbergia porteri was more resistant, 

showing no effect with -0.3, -3 and -7 atm. 

Stone, Marx and Dobrenz (1979), using NaCl as 

osmoticum, studied its interactions with temperature with 

two alfalfa cultivars. At temperatures higher than 21 C 

(27, 33, 39 C), the effect of the osmotic potential was 

very pronounced. For an arid cultivar, the optimum condi

tions were actually -1.1 bars and 25.4 C compared to the 

other cultivar with 0 bars and 21.4 C. Hyder and Yasmin 

(1972), studying the salt effects on S. airoides, considered 

several salts and levels of NaCl. At 125 me/1 NaCl inhi

bited germination more than 50%, other salts like KC1, 

CaClg and MgClg depressed germination at -1 atm when NaCl 

did not. In isoosmotic conditions, of -3 atm, all the 



68 

salts greatly depressed germination compared to water and 

mannitol. The inhibitory effect of MgClg could be neutra

lized partially by adding CaCl2 and a little by adding NaCl. 

Miyamoto (1978) studied the effect of NaCl and Na2S04 on 

the germination of S. airoides, H. jamesii, and A. canescens. 

Sprobolus airoides had a marked total germination reduction 

at 100 me/1 NaCl ar\d 200 me/1 NagSO^. NaCl reduced germin

ation more than Na2S04 for the same concentration solution, 

Hilaria jamesii had a higher tolerance, since at 300 me/1 

of both salts the total germination was still 60 to 70%. 

Using the effect on vegetation yield as a response, after 

3 months under greenhouse conditions, S. airoides tolerated 

higher levels of salts than in the germination experiments, 

up to 100 me/1 NaCl and all NagSO^ treatments up to 200 

me/1. Hilaria jamesii yield on the other hand was affected 

by all the NaCl treatments and by 150 and 200 me/1 Na2S04-

Osmotic stress apparently can account for the reduction of 

vegetation yield of H. jamesii and S. airoides but not for 

total germination. 

Methods 

Seeds of S. airoides and H. mutica were sieved and 

the seeds smaller than mesh 30 but bigger than 32 (diameter 

500 microns) were used. All seeds were scarified using 

two sheets of fine emery cloth, each batch of one species 
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was scarified together at one time. Petri dishes of 100 x 

15 mm size and a double thickness of Whatmann's No. 3 fil

ter paper.cut to fit the bottom dish were used. Six repli

cates were used with 50 seeds each for every treatment 

solution. 

The treatment solution's properties are summarized 

in Table 21. For the control treatment only deionized 

water was used. The osmotic potential determinations were 

done with filter paper (No. 1) punched discs in psychro-

meters. A Wescor MJ55 psychrometric microvoltmeter was 

used (through the kindness of Dr. K. Matsuda) to make the 

readings, and all solution determinations are averages of 

six psychrometer values equalized in a waterbath at 25 + 

1 C. 

The experiment was started in the evening, under a 

safe-light made with blue and green cellophane sheets 

over two magnifying lens-flourescent lamps. The germinator 

had been set to 25 + 1 C, and the relative humidity was 

91%, although it dropped for a few minutes every hour to 

the 80's. The door of the germinator was covered with two 

thickness of opaque plastic on the outside and one aluminum 

sheet over the inside. The germination was checked every 

24 hr. for eight days. A seed was considered germinated 

when the radicle and plumule had extended to 5 mm or more 

and showed normal growth. The safelight was used to check 



Table 21. Characteristics of the solutions used in this study 

Water poten
tial bars 

mmhos/ 
cm pH 

Water poten
tial bars 

mmhos/ 
cm pH 

Water poten
tial bars 

mmhos/ 
cm pH 

NaCl -3.97 (-3.62)* 2.8 6.0 -5.71 (-6.47) 7.75 5.78 -9.01 ( -9.94) 15.0 5.7 

FEG^ -2.89 (-3.05) 0.0 6.3 -5.70 (-5.60) 0.0- 6.38 -9.74 (-11.30) 0.0 6.4 

Mix
tures -3.61 (-3.04) 1.45 6.35 -3.56 (-4.33) 1.3 6.3 -4.24 ( -4.00) 4.4 6.2 

(-3NaCl + -3PEG) (-3NaCl + -6PEG) (-6NaCl + - 3PEG) 

ft 
Means in parenthesis show the solution's potential after the study. 

^Polyethylene Glycol 8 000 (average molecular weight 7 000 - 9 000 Baker lot No. 206533). 

<i 
o  
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germination. After every count, the germinated seeds were 

discarded. The design was completely randomized. The data 

for total germination (8 days) were arsin transformed: 

/(germinated + 3/8)/(total + 3/4) and an ANOVA was applied 

for each species. Mean separation was done by Least Sig

nificant Differences method (standard one-way ANOVA out

put from the SPSS package). 

Results 

The analyses of variance for the germination re

sponse at eight days for each of the species showed highly 

significant differences of treatments (complete ANOVA 

tables are illustrated in Appendix Tables A-3 and A-4). 

For these analyses, the mixtures of PEG and NaCl were not 

included to have a more meaningful interpretation. The 

mean separation is illustrated in Table 22. In the case 

of H. rnutica, osmotic and matric potentials affected ger

mination in the same way; only potentials of -9 bars 

started to lower significantly the total germination. Dif

ferences between germination at osmotic potentials via 

NaCl and osmotic or simulated matric potnetials via PEG 

were not significant. At -9 bars with NaCl, HIMU-82 showed 

a greater variation in total germination than any other 

treatments with the notable exception of the "control." In 

the case of the mixtures the Na3 - P3 and Na3 - P6 gave 



72 

Table 22. Total germination at eight days under NaCl and 
PEG osmotic potentials. 

Hilaria mutica Sprobolus arioides 
(HIMU-82) (Mapimi-82) 

Control 91.2 (13.l)*a 32.3 (10.5)a^ 

PEG -3 93.8 (5.79)a 30.0 (38.9)a 

-6 91.4 (6.43)a 17.0 (38.5) b 

-9 . 68.3 (6.94) b 3.35 (61.6) d 

NaCl -3 95.9 (0.92)a 30.0 (14.7 )a 

-6 94.2 (5.11)a 27.4 (18.9)a 

-9 67,8 (17.2 ) b 9.9 ( 0.4) c 

Mixtures 

Na3 - P3 96.9 (3.30) 25.1 (12.3) 

Na3 - P6 97.8 (2.38) 25.6 (29.9) 

Na6 - P3 67.8 (17.2 ) 22.9 (16.0) 

* 
C.V. is shown in parentheses. 

^Column means (for the first 7 treatments) followed by the 
same letter are not significantly different (0.10 level, 
L S D ) .  
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responses about the same but when the potentials were 

swithced to Na6 - P3 (compared to Na3 - P6) the germination 

was depressed and was similar to Na -9, but this mixture had 

only a -4.24 bars potential. 

In the case of S. airoides, the potential germination 

was low, and there might be some carry-over effect on the re

sponse to the treatments. The response to low osmotic 

potentials is similar to H. mutica with a significant drop 

at -9 bars. But, in the case of PEG osmotic solutions, the 

sensitivity was more marked, with a significant drop from 

-3 to -6 bars (13 percent point difference) and another sig

nificant drop of the same magnitude (14 percent point dif

ference) from -6 to -9 bars. In the case of the total ger

mination with osmotic mixtures, they all behaved similarly, 

especially since the stock solutions were from non-critical 

potentials such as NaCl -3 bars, and PEG -6 bars. 

Discussion 

Hilaria mutica showed a balanced insensitivity to 

moderate osmotic and matric potentials (if we do consider 

PEG as a good matric potential model). Data from a pre

liminary experiment (not shown) gave no germination at all 

for PEG -15 matric potentials for both species. If we 

consider that NaCl as an osmoticum is also acting as a 

saline solution, we find that H. mutica is equally sensitive 
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to an osmoticum (via PEG) and to a salinity induced stress. 

Hilaria mutica seems to need field capacity for imbibition 

and the initial stages of germination, as seen by the study 

2, and afterwards needs less water or lower matric potentials 

for growth and to deter fungi growth. The HIMU-82 seedlings 

might be able to escape dehydration by their mere high rate 

of germination. 

Sporobolus airoides on the other hand, although just 

as sensitive as HIMU-82 for osmotic potentials created by 

NaCl, is very sensitive to low matric potentials. The 

germinating S^. airoides is more sensitive to a drying en

vironment than to one that is becoming more saline. 

These data do not completely agree with previous 

data, where Knipe (1968) showed differences even at -1 atm 

for S. airoides; this is perhaps due to the low vigor of 

the species tested in this study. It is suspected that the 

safelight was not completely efficient, a completely green 

incandescent light might have been a better source. In the 

case of H. mutica, there is some correspondence to the 

findings of Knipe and Herbel (1960) where the hardiness of 

H. mutica was evident up to -7 atm. 



GENERAL DISCUSSION 

Different S. airoides accessions can be affected by 

different temperatures. Study 1 has shown that Mexican 

accessions tended to have higher rate and total germination 

at 30 C than at 25 C, while the American accessions showed 

the reverse. The MAPIMI-82 accession had an optimum tem

perature of 25 C, in contrast to the other Mexican acces

sions, but was cold sensitive. At this point in time, I do 

not have enough information available about soil tempera

tures along the altitudinal gradient at which these ac

cessions were collected. Therefore, any conclusions to the 

ecological significance of these findings might be prema

ture. 

The sensitivity to light was most marked at the 

start of germination and at less than optimum temperatures, 

this effects was also more apparent in the American than in 

the Mexican accessions. I would suspect that, at soil mois

tures less than field capacity but enough for imbibition, 

the American accessions' seeds under the dark and at 30 C 

(Study 2) would have a selective advantage over seeds under 

light, since the dark seeds would germinate faster than the 

seeds under light. But under near optimum temperatures 

(30 C for Mexican, and 25 C for American accessions) a 

75 
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greater part of the seed population would respond, and those 

under darkness would not have such an ample advantage over 

those seeds under light conditions; at least as far as ger

mination. Other mechanisms would be at work to determine 

which subpopulation would have greater probabilities of 

survival. Light inhibition is a prevention for germination 

close to bare soil surface where temperature and water 

stress extremes develop most rapidly (McDonough, 1977). 

It appears that S. airoides seeds are adapted to 

movements across the soil. The large crops with small 

seeds favor wind dispersal (Stebbins, 1974). The need for 

scarification or afterripening after 3 years safeguards the 

population from a violently changing environment, such as 

could be found at a flood plain surface. Knipe and Spring

field (1972) have reported the great mobility of this 

species' seeds, and also how improbable it is for these 

seeds to establish on a smooth soil surface, such as lo

calized barren patches that occur close to S. airoides 

grasslands in Mapimi. Scarification probably occurs by 

abrasion or perhaps even water during floods. It is not 

clear why the scarification is necessary; perhaps it was 

developed to avoid germination right after dispersal when 

the conditions are not conducive to germination. With 

long afterripening periods (3 to 4 years, Knipe, 1969), 

I speculate that it is to separate seed crops in time such 



that when germinating conditions do occur there is a wide 

diversity of seeds with different characteristics that can 

take advantage of these conditions. 

There is certainly species plasticity in S. 

airoides, even though the species needs large amounts of 

water over time for successful germiantion, due to its 

small seed reserves, different ecotypes respond different

ly. Surface sowings seem to be superior to any depth for 

all accessions tested (Study 2); this is only true for the 

initial part of the germination and establishment, less 

than 20 days. This subpopulation of early germinators is 

probably the one in which we are interested when using the 

species for reseeding. If surface sowing is to be used, 

one needs a thin mulch to provide a slight dark environ

ment and more important to reduce evaporation. Woolley 

and Stoller (1978) proved that in silty clay loam and sand 

almost no light would penetrate below 2 mm, although voids 

could alter this limit. They also found that moisture in

creased light transmission through the sand. In the case 

of moist sands, light might penetrate to 6 mm but at that 

point it would probably inhibit germination due to its 

high far-red component. I propose a thin mulch of at 

least a centimeter, in order not to pose a barrier and 

delay seedling emergence. Aldon (.1975) has used mulches 

of various kinds and proposed one of 13 mm thickness. 
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The sensitivity to moisture was proven by the 

experiment with different matric potentials (Study 3) and 

the appearance of a subpopulation of seeds that emerged at 

30 days after sowing (Study 2). This subpopulation depend

ing on the depth of burial and accession could be a sub

stantial part of the seed bank. Therefore., this species 

has evolved toward the most unlikely events :• > its present 

distribution, and probably originated in a more mesic envir

onment and it has very successfully adapted to a riparian 

type floodplain niche. I believe this adaptation has been 

mostly in a vegetative form and based on little grazing 

pressure. Under present situations where grazing occurs, 

the establishment of seedlings is a very rare event. It 

could be speculated that before man modified the semiarid 

watersheds, flooding was more prevalent. We know that the 

area of Mapimi sustained an inner drainage lake from the 

now dammed Nazas River. The whole Bolson de Mapirai con

sists of inner drainage small .watersheds that without 

man's intervention could have sustained a larger grassland 

area. 

In the field, H. mutica probably loses large amounts 

of its seeds on wet spots with sufficient water for imbibi

tion but not for completion of germination. But instead of 
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a conservative approach, the species has evolved an 

acceleration of its germination such that some seedlings 

are able to establish. This rate of germination is probably 

why the endosperm is so fungi-prone, it might contain 

easily transformed energy, perhaps even sugars. Because, 

unlike the system grass-forb with ant-sparrow found in 

Arizona (Pulliam and Brand, 1975), where the ants selected 

smooth seeds, in the Mapimi Biosphere Reserve the ants tend 

to strip the H. mutica florets and practically clean them 

before taking the seeds inside the nest. So much effort 

can only be rewarded with a seed with large amounts of 

readily available energy. This strict selection might ex

plain the very low seed productivity of H. mutica, many 

seeds are aborted or are simply abnormal (Brown and Coe, 

1951), by way of a high energy requirement for producing 

viable seed. 

In conclusion, I would like to summarize research 

done on S. airoides and how it can be translated into 

practical field guidance that can help the successful re-

seeding of this species in degraded range sites. If seed 

lots of different latitudes are available, the Mexican 

accessions would be well adapted for summer sowings, these 

accessions were less sensitive to light and therefore a 

thin mulch would be sufficient. This fact can be taken 

advantage of under rural or back-country conditions, where 
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a mulch can be created by simply harvesting grass. This 

method would have a double advantage under Mapimi conditions 

where clipping Hilaria mutica would inprove the next year's 

new green growth. 

Under colder conditions (late spring or early fall), 

the objective would be to take advantage of spring soil 

moisture storage from winter rain or snow and less evapora

tion. Then, the American accessions would be a better 

choice. For these accessions, a thicker mulch would be 

necessary, due to their greater light sensitivity, how thick 

is not known and field research should test this condition. 

At the present time, it seems that a field collection 

MAPIMI-82 can be as good at establishment as other selected 

accessions like NM-184 and TX-1733, as shown by the data at 

10 days (Study 2). But, this was done at field capacity and 

this relation could very well change under more realistic 

field conditions. The establishment study (2) also proved 

that sites with heavy soils are to be favored over coarse 

or sandy soils. More research has to be done in the field 

before we can say that large seeds are better germinators 

than small seeds, although under greenhouse conditions the 

large seeds emerged earlier and from deeper sowings (Knipe, 

1970). 

Above all, I found that S. airoides is most critical 

of soil moisture and any cultural improvement toward 
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improving and lengthening the availability of this moisture 

would be directly reflected in the success of the seeding. 

Where good knowledge'of the rain distribution has provided 

probability tables, these should be used extensively. 

Mulching has proved effective (Aldon, 1969, 1970, 1975), but 

the sample size used was extremely small (Aldon, 1975), 10 

plants per replication, showing a 13% success establishment 

by the first year. Emergency rewatering if storms do not 

appear when expected can be expensive, and the particular 

ownership-capital situation would show if reseeding this 

species is cost effective. Under private landholding and 

available capital, the investment of improving a potential 

S. airoides grassland seems to show a high return when we 

think that water spreading or truck hauling would only be 

necessary for the initial establishment. This could be 

only one rewatering or in the worst situation perhaps, three 

rewaterings. Such new establishment would also need pro

tection, and could, therefore, be used as a separate pas

ture for keeping bulls with good weight or for cows ready 

to drop calves when other pastures are hard hit by drought. 

In the case of cooperative landholdxngs, such as Ejidos in 

Mexico, the capital and technology would have to be sub

stituted by labor. Range water developments could be made 

with numerous workers instead of tractors, and seeding and 



82 

mulching could also be done by hand. Perhaps the only 

capital necessary would be the use of a truck for hauling 

water if necessary. This would not be a great investment, 

since each Ejido probably has already a tank-truck to take 

water to cattle in remote parts of the holding. 

It seems that outside of the most promising or 

desirable land for reseeding the only viable areas are 

floodplains where originally the species was found. Once 

inundated, these floodplains can be moist for a fairly long 

time depending on the size of the watershed. It is also in 

these areas where water development structures could have 

the greatest use and impact on range reseeding. 

Hilaria mutica has a high rate and total germination. 

At this time, I do not know if the high number of defective 

seed is only an artifact of the germination chamber condi

tions or a real field condition. Information on field 

seeding experiments with H. mutica is hard to find; there

fore, the following considerations are based only on the 

research presented here. The high rate of germination and 

its relative tolerance to lowering of osmotic and matric 

potentials would make one think it is appropriate for range 

reseedings. The problem with this species' strategy is 

that it is an "all out" effort once imbition starts, and 

three possibilities can occur when this happens. One, the 

seed starts to germinate but the moisture is not enough to 
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ensure survival of the seedling. Two, the moisture is 

enough that relative wet conditions occur for some time, the 

seed and seedling are probably going to be attacked then by 

fungi and other microorganisms. Three, the seed gets 

enough water to imbibe and as the seedling grows the mois

ture starts to disappear, the seedling finally is establish

ed by sending a deep enough root that can sustain the small 

plant until next rainstorm (another survival barrier). All 

these outcomes are ruled by probabilities, but, one would 

tend to suspect that establishment of this species would be 

difficult. To have the right combination of wet-dry days 

means that a large amount of the seed population is lost in 

"false" alarms. Once the right combination occurs, most of 

the seeds in the bank would then become seedlings. This 

means that H. mutica has a seed bank that fluctuates widely 

from year to year. One factor not taken into account is 

that in the Mapimi area, ants collect a large amount of 

the seeds. Although we do not know for how long this sys

tem of seed-disperser-predator has been established, I 

would speculate that some evolutionary selection forces 

are working on H. mutica seeds. Until field tests are 

made on the seeding potential of H. mutica, it would be a 

risk venture to use this species in range reseeding. 
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Above all, the present studies have given the basic 

knowledge to support and pursue further research of acces

sions of different ecological niches. Much can be learned 

and applied once the diversity of the seed lots increases, 

special reseeding situations can be used better with a 

wider selection of seeds that are ever so slightly dif

ferent that can mean the difference between a successful 

reseeding and a failure. 



APPENDIX A 

ANALYSIS OF VARIANCE EXAMPLES 
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Table A-l. Analysis of variance for six accessions at 30 C, two day observation. 
The same model was applied to the other groups of data for that study 
(transformed germination) 

Sum of Mean Calc. Signif. 
Source d. f. Squares Squares F of F 

Blocks 1 0.066 0.066 1.05 a >. .50 

Light 1 0.277 0.277 4.41 a 1 .50 

Error^* 1 0.063 0.063 

Accessions 5 5.17 1.03 52.5 a > .001 

Accessions by Light 5 0.604 0.121 6.13 a > .01 
t 

Errorg1 10 0.197 0.020 

Residual 20 

Total 47 

•consisting of the interaction block by light. 

^consisting of the addition of the S.S. of the following interactions: Accessions 
by Piles and Accessions by Light by Piles. 

00 
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Table A-2. Analysis of variance for NM-184 at the 10 day observation..— This 
model was followed for every accession within each observation date 
(transformed data) 

Source d.f. 
Sums of 
Squares 

Mean 
Squares 

Calcu. 
F 

Signif 
of F 

Soils 1 0.137 0.137 65.2 0 

Depth 3 0.391 0.130 62.2 0 

Soils by Depth 3 0.364 0.122 57.9 0 

Error 40 0.084 0.002 

Total 47 



Table A-3. Analysis of variance for seven treatments of H. mutica total germination 
(transformed data) 

Sum of Mean F 
Source d.f. Squares Squares Ratio Significance 

Between Treatments 6 1.05 0.174 13.8 .0000 

Within Treatments 35 0.442 0.013 

Total 41 
• 
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Table A-4. Analysis of variance for seven treatments of S. airoides total 
germination (transformed data) 

Sum of Mean F 
Source d.f. Squares Squares Ratio Significance 

Between Treatments 6 0.882 0.147 28.1 .0000 

Within Treatments 35 0.183 0.005 

Total 41 1.06 

oo 
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