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ABSTRACT 

Germination and establishment was evaluated in Arizona cottontop 

[Digitaria californica (Benth.) Chase], bush muhly (Muhlenbergia porteri 

Scribn.) and plains lovegrass (Eragrostis intermedia Hitchc.) from southern 

Arizona. Germination was determined in different aged seed harvested from 

native and irrigated plots of various populations. Results indicated variability 

in germination characteristics of study species that appeared unrelated to 

afterripening or dormancy. Germination ranged from 62 to 96% for Arizona 

cottontop, 34 to 99% for plains lovegrass, and 75 to 99% for bush mUhly. 

Bush muhly had highest average velocity of germination (58.0 ± 4.1), 

followed by plains lovegrass (35.9 ± 1.91), and Arizona cottontop (31.4 ± 

1.13). Effects of 3 surface treatments (furrows, gravel, litter) and 2 

cultivation treatments on establishment of study species and yellow 

bluestem [Bothriochloa ischaemum (L.) Keng var. ischaemum] was 

investigated in the field. Bush muhly did not emerge and plains lovegrass 

had minimal emergence. Arizona cottontop had similar emergence in 

cultivated and uncultivated plots whereas yellow bluestem had greater 

emergence in cultivated plots. Litter promoted greater survival of Arizona 

cottontop. Lower survival in furrows may have resulted from fewer days 

with available soil moisture and interference from greater density of non

seeded species. Soil covers appear to positively influence survival rather 
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than emergence. Effect of rainfall distribution on germination was 

investigated using 2 seed retrieval methods. Arizona cottontop and bush 

muhly germinated after at least 3 days of available soil moisture. Plains 

lovegrass seeds did not germinate in the field but retrieved seeds had 83% 

germination, possibly due to light exposure under laboratory conditions. 

Another study determined whether species have different density and cover 

under overstory species compared to open areas. Arizona cottontop had 

either greater, less, or no differences in density under canopied versus open 

areas. Cover of Arizona cottontop was greater or similar among canopied 

and open areas. Plains lovegrass had lower or similar density and cover 

under canopies than in open areas. Bush muhly had greater density and 

cover under canopies. Overall, studies suggested that species are easily 

germinated, but accept relatively narrow ranges of environmental conditions 

for establishment. Establishment may be enhanced by sowing species when 

rainfall is more consistent, extending available moisture through use of soil 

covers, or mimicking microsites where a species occurs naturally. 
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GENERAL INTRODUCTION 

The use of exotic grasses has predominated in revegetation of 

rangelands in the southwestern U. S. (Bock et al. 1986, Cox et al. 1982). 

Positive characteristics associated with some exotic grasses such as high 

seed (caryopsis) production (Crider 1945)' drought and grazing tolerance 

(Cable 1971 a, Cox et al. 1990, Freeman 1979), and adaptability to sites 

with low forage production potential (Cox et al. 1982) may explain their 

widespread use (Cox et al. 1990, Cox and Ruyle 1986). Native grasses 

have been used far less than exotics in revegetation projects. This may be 

partially due to negative re-seeding properties such as poor seed retention at 

maturity, and presence of hairs, bristles, awns, and other ancillary structures 

surrounding the caryopsis. These properties often make the seed difficult to 

use with machinery thereby limiting seed availability for many native species 

(Flory and Marshall 1942, Griffiths 1907, Landkamp 1987, Schwendiman 

and Sackman 1940). 

Some grasses native to the southwestern U.S. have also exhibited poor 

germinability or have low seedling vigor and persistence once they are 

reseeded on rangeland sites (Cox et al. 1982, Flory and Marshall 1942, 

Griffiths 1907, Kneebone and Cremer 1955). For example, results from 

work done by Griffiths (1901) indicated low germinability of several native 
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grasses. However, he believed that native species would be best for 

revegetation because of their adaptability to local conditions and that 

germination characteristics of individual species needed to be explored. In 

further work, Griffiths (1904) stated that annuals may be a better choice for 

revegetation because the expense of establishing perennials, due to low 

germination and seed production, outweighed their benefits. However, 

Wilson (1931) stated that many natives germinated well, such as Boute/oua 

spp., Sporobo/us spp., and Muh/enbergia porteri Scribn., but establishment 

was poor due to low survival of seedlings during summer droughts. After 

completing a study involving 121 grasses, Bridges (1941) noted that failure 

of establishment in the field was due to unsuitable environmental conditions, 

not low germinability. In this study, mulch increased germination and 

survival by 1-2 years. Other researchers also noted low persistence of 

native species in reseeding trials on western national forest lands except in 

areas where summer flooding occurred (Forsling and Dayton 1931). 

During the 1930's and 1940's research related to the use of exotics 

such as Lehmann lovegrass (Eragrostis /ehmanniana Nees.) for revegetation 

in the Southwest was conducted, with seed available from the Soil 

Conservation Service (Bridges 1941, Flory and Marshall 1942). However, in 

the last few decades, it appears that there has been more intensive research 

on germination and establishment characteristics of exotics compared to 
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natives, possibly due to poor seed availability of the latter (Forsling and 

Dayton 1931, Glendening 1939, Griffiths 1907). In 1942, Flory and 

Marshall commented that "commercial production and sale of many native 

species was expected in the future." This observation may have been 

premature considering the relatively small production of native compared to 

exotic seed currently available from federal and private agencies. 

Introduction of exotics in natural plant communities has become 

increasingly controversial (Bock et aI., 1986, Burgess et al. 1991). Many 

natural resources managers and conservationists suggest that continued use 

of aggressive, exotic species, which may outcompete native grasses for 

resources, will lead to low species diversity in grassland communities (Bock 

et al. 1986, Burgess et al. 1991, Kincaid et al. 1959, Mack 1981, Marlette 

and Anderson 1986). Use of native grasses in revegetation may lead to 

potentially greater species diversity in addition to allowing restoration rather 

than simply reclamation of disturbed sites. 

Research described in this dissertation addressed questions relating to 

establishment of 3 native grasses in southern Arizona. In addition, attempts 

were made to identify characteristics of these species or environmental 

factors that influence success or failure of establishment under revegetation 

conditions. Revegetation failure may be observed without understanding 

what predominant factors lead to lack of establishment of a species (Cox et 



a!. 1982). Three native grasses, Arizona cottontop [Digitaria californica 

(Benth.) Chase], bush muhly, and plains lovegrass (Eragrostis intermedia 

Hitchc.) were used in these studies. 

Species history 

18 

Plains lovegrass is considered a good forage species for Arizona 

rangelands at elevations between about 1067 m and 1829 m and is one of 

the earliest perennial grasses to begin growth in the spring (Humphrey 1960, 

Kearney and Peebles 1951). It is widespread in the upper desert grassland 

and oak (Quercus spp.) woodland of several counties of Arizona and is 

typically found on rocky hills, and in canyons and plains of these areas. 

Basic research on germination and establishment of this species is scant. 

Earlier work by Tiedemann and Pond (1967) indicated no germination of 

plains lovegrass seed that had been in storage for approximately 20 years. 

A more recent study by Rains and Brock (1990) showed that germination of 

plains lovegrass was drastically reduced under levels of simulated water 

stress (using polyethylene glycol [PEG]) of -0.8 MPa or less. Chirco and 

Turner (1986) tabulated data from various government agencies and 

recommended alternating temperatures of 20°C for 16 hand 35°C for 8 h 

for germination tests of plains lovegrass. Roundy et a!. (1992b) tested 

germination of plains lovegrass using the above recommended alternating 

temperatures and other temperature combinations. They found that the 
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species exhibited greatest germination (47%) at a temperature alternation of 

20°C/40°C and germination ranged from 8-47% for the various temperature 

treatments. 

Arizona cottontop is a productive, palatable species that occurs at 

elevations between about 305 and 1829 m, typically on mesas and rocky 

hills in open areas (Kearney and Peebles 1951). It is found in all counties of 

Arizona and is generally most abundant in southern Arizona (Cable 1971 b, 

Humphrey 1960). Caryopsis scales covered with white trichomes make it a 

difficult species for machine harvesting and conditioning (personal 

communication: Bruce Munda, SCS Plant Material Center and Don Bermant, 

Granite Seed Company). However, new technology is providing producers 

with machinery adapted to deal with such characteristics (personal 

communication: Bruce Munda). McGinnies and Arnold (1939) conducted a 

study on the Santa Rita Experimental Range to determine water 

requirements of several species including Arizona cottontop. Water was 

added to plants grown in 20-gallon cans with lids to maintain soil at field 

capacity. Arizona cottontop was considered intermediate in it's summer 

water use efficiency relative to other study species. Work by Glendening 

(1942) demonstrated increased germination of Arizona cottontop under field 

conditions when soil was covered with straw or cotton gauze compared to 

bare soil. It was suggested that greater soil moisture content and length of 



available soil moisture lead to greater germination under these surface 

treatments. 
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Bush muhly is found in dry mesas and rocky slopes in all counties of 

Arizona between about 610 and 1676 m. It is a highly palatable species 

and has the ability to remain green yearlong (Humphrey 1960, Kearney and 

Peebles 1951). Plants often form a large tangled mass and commonly grow 

under the protection of trees and shrubs. Wilson (1931) planted various 

native grasses on several sites throughout New Mexico and noted low 

germinability and seed production of bush mUhly. Flory and Marshall (1942) 

suggested planting warm-season grasses such as bush muhly between June 

15 and July 30 to avoid germination in response to short-duration rains 

earlier in the growing season. Later seeding would be more favorable 

because seedlings have a chance to establish when storms of longer 

duration are more probable. Almeida and Donart (1980) studied bush muhly 

growing in association with creosotebush (Larrea tridentata D.C.) in New 

Mexico. They suggested a symbiotic relationship was present between the 

species, and that the moderate resource use by bush muhly did not 

jeopardize growth of creosotebush. However, Welsh and Beck (1976) noted 

that bush muhly growing within creosotebush canopies shaded lower 

branches of creosotebush, and that as bush n1uhly gained in stature it 

exerted a detrimental influence on creosotebush leading to the loss of leaves 
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and eventual death of lower branches. Germination studies by Knipe and 

Herbel (1960) indicated greater germination of bush muhly at various levels 

of osmotic stress (induced by PEG) compared to several other grass species 

tested. They noted that bush muhly might be well adapted to germination 

and survival under conditions of limited moisture. 

Organization of research 

Research questions were addressed in 4 studies which are presented in 

separate chapters of the dissertation. The first study addressed germination 

characteristics of various populations of Arizona cottontop, bush muhly, and 

plains lovegrass. The research questions asked were: 1) What are the basic 

germination characteristics of these species? and 2) Is there a relationship 

between germination and seedling variability and conditions experienced by 

the maternal plant? Previous research related to germination of these 

species often assessed only one population. A more extensive study of 

germination offers a better grasp of potential germination variability within 

these three species. A greater understanding of germination characteristics 

of a species allows researchers and managers to better utilize species 

variability during the revegetation process. For example, managers may be 

able to select a species or population more suited for particular rainfall 

patterns if its rate of germination is known. In addition, researchers may 

recognize failure of establishment due to site conditions versus germination 
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characteristics. 

The second study relates to the influence of various modifications of 

the soil surface on seedling emergence and persistence within a site. The 

research question asked was: Do soil surface modifications affect the 

emergence and persistence of native grasses? It has been demonstrated 

that several species have varied germination and emergence depending on 

microsite properties (Evans and Young 1987). Determining the association 

of particular species with various surface modifications may lead to greater 

success of establishment and persistence of seeded species. 

The third study focused on the evaluation of germination when seeds 

were exposed to different patterns of wetting and drying during a growing 

season. The research question asked was: Do inherent germination 

characteristics of a particular species favor their establishment given specific 

rainfall patterns? Some species appear to have a limited range of acceptable 

patterns of soil moisture for germination and establishment (Elberse and 

Bremen 1990). Results from this study may lead to better assessment of 

the association between rainfall distribution and emergence of these 3 native 

grasses. 

The fourth study relates to the distribution patterns of these 3 species 

in natural stands. The research question asked was: Do a.,y or all of these 

species have greater occurrence under canopies of large perennial plants 
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compared to open areas? Determining where these species persist within 

communities may imply what microsite factors promote the establishment of 

certain species. 

The final chapter discusses the significance of the research and 

applicability to revegetation of natural communities in the southwestern U.S. 

Results are discussed relative to native species decline in southern Arizona 

and improved revegetation success with the use of such species. 



I. GERMINATION CHARACTERISTICS OF THREE NATIVE GRASSES 

IN SOUTHERN ARIZONA GROWN UNDER 

IRRIGATED AND NON-IRRIGATED CONDITIONS 

ABSTRACT 

24 

Much of the variation in seed germination behavior may be attributed to 

environmental conditions experienced during seed development. Therefore, 

production of seed to be used in revegetation using proper agronomic 

practices may minimize seed variability and improve germinability. 

Objectives of this study were to determine if percent and velocity of 

germination, and weight of seedling radicles and seed of 3 grasses produced 

in irrigated plots would differ from that produced in native stands. Low, 

medium, and high elevation natural stands of Arizona cottontop [Digitaria 

californica (Benth.) Chase], bush muhly (Muhlenbergia porteri Scribn.) and 

plains lovegrass (Eragrostis intermedia Hitchc.) in southern Arizona were 

selected for plant and seed collection. Fifty plants were excavated from 

each stand and transplanted to irrigated plots in Tucson, Arizona. 

Germination was tested on seed harvested from native stands and irrigated 

plots for 1989 (seed age at testing: 18 and 30 months), 1990 (4 months), 

and 1991 (4 months). Results indicated great variability in germination 

characteristics of seed collected from irrigated and native stands. 
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Germination ranged from 62 to 96% for Arizona cottontop, 34 to 99% for 

plains lovegrass, and 75 to 99% for bush mUhly. Bush muhly had the 

highest average velocity of germination, 58 (± 4.1), followed by plains 

lovegrass with a velocity of 35.9 (± 1.91), and Arizona cottontop with a 

velocity of 31.4 (± 1.13). Variability in germination did not appear to be 

related to afterripening or dormancy effects since no trend was noted 

between germination response and seed age. 
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INTRODUCTION 

Much of the variability in seed germination may be attributed to 

variation in environmental conditions during the development and maturation 

of seed (Khan 1982, Ovcharov 1977, Voigt et al. 1987). For example, 

Kuleshov (1946) observed that germination of wheat (Triticum aestivum L.) 

varied between 13 and 78 % depending on the soil type under which seed 

were produced. Indeed, Miller et a!. (1988) noted that wheat yield was 

positively correlated with percent clay in the soil. Ciha (1984) also found 

differences in wheat yield depending on the position of a plant along a slope 

gradient. He believed this variability may be related environmental 

differences within the site such as soil moisture and temperature. Mayer 

and Poljakoff-Mayber (1989) stated that among the most obvious factors 

associated with seed development that could influence germination behavior 

are the photoperiod and temperature environment of the maternal plant. 

Position of the developing seed on the parent plant may also affect 

germination. Austin's (1979) research with barley indicated that kernel size 

was influenced by competition for nutrients within the spikelet at an early 

stage of development. This type of competition may account for the smaller 

size of distal compared with proximal caryopses in spikelets of other 

Graminaceous species (Khan 1982). 

Lower seed weights are sometimes associated with a reduction in 
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germination percentage (Bilbro 1953, Ovcharov 1977, Voigt et al. 1987), 

while larger seeds may produce more vigorous seedlings that can increase 

the chance of establishment in resource-limited environments (Kneebone and 

Cremer 1955, Rogier 1954). Larger seeds may also be advantageous during 

establishment since they may withstand unfavorable environmental 

conditions over a longer period of time while smaller seeds under the same 

conditions deplete their energy reserves before establishing as seedlings 

(Baker 1972, Gross 1984, Winn 1985). However, seed size does not 

always determine successful establishment; small seeds sometimes have 

greater dispersal potential and are able to distribute into more safe sites than 

larger seeds (Barbour et al. 1987, Kneebone and Cremer 1955). 

Furthermore, factors in the seed production environment that affect 

heteroblasty (seeds of different germinability produced along the same 

inflorescence) are of great ecological importance for many desert plants 

because they ensure that even under optimal conditions only a certain 

percentage of seeds in a population germinate at anyone time (Cohen 1968, 

Levins 1969). Depending on the use of a species, heteroblasty mayor may 

not be a desirable characteristic for revegetation. 

Consistent seed characteristics such as yield, size, and germination 

percentage are typically desirable factors for revegetation applications 

(Fisher et al. 1987, Voigt et al. 1987). These characteristics facilitate 
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uniform planting and allow accurate determination of appropriate seeding 

rates. In many instances, seeds of native species are collected from natural 

stands where environmental factors may be highly variable among and 

within sites and years (Fisher et al. 1987). Seed production of native 

species under more controlled conditions using appropriate agronomic 

practices may minimize seed variability and improve establishment. For 

example, irrigation of production plots may increase seed weight. There 

may also be increased economic efficiency through increased yield and ease 

of seed collection of well-designed production plots that accommodate 

atypical harvesting techniques for some native species (Landkamp 1987). 

Commercial seed producers also may attempt to locate production in warm, 

dry areas to minimize adverse effects of weather on seed during maturation 

and harvest (Khan 1982). The great improvements in the quality of seeds of 

crop species over the last 40 years have been largely due to a major shift in 

production to drier areas of the world and to improvements in harvesting, 

handling, and conditioning techniques (Khan 1982). During this period there 

has been considerable increase in the understanding of how cultural factors 

influence seed yields and quality. For example, proper mineral nutrition may 

increase yield by affecting the number of reproductive structures produced 

rather than the number of seeds on each structure or within each fruit (Khan 

1982). However, relatively little information is available on the influences of 



environmental or cultural factors on development and subsequent 

germination and seedling performance for non-crop species. 
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Previous research on germination of grasses native to Arizona has been 

limited and has dealt only with germination characteristics of individual 

populations within species. For example, prior studies of the 3 native 

grasses used in this research, Arizona cottontop [Digitaria californica 

(Benth.) Chase], bush muhly (Muhlenbergia porteri Scribn.) and plains 

lovegrass (Eragrostis intermedia Hitchc.), focused on effects of various 

treatments such as seed storage, water stress, and soil cover, on 

germination percentage (Glendening 1942, Jackson 1928, Rains and Brock 

1990, Roundy et al. 1992, Tiedemann and Pond 1967). These studies did 

not evaluate differences in germination percentage or characteristics among 

species or populations or the effects of maternal environment. However, 

Roundy et al. (1992b) noted higher germination for plains lovegrass seed 

harvested from irrigated plants than from plants receiving natural 

precipitation. 

This study addressed whether seed characteristics such as germination 

percentage and velocity, seed and seedling weight, and radicle length of 

seed produced in irrigated plots using conventional management conditions 

would differ from those of seed produced in native stands. 
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MATERIALS AND METHODS 

Low, medium, and high elevation native sites in southern Arizona were 

selected for collection of Arizona cottontop, bush muhly, and plains 

lovegrass (as advised by Dan Robinette, District Range Conservationist, 

SCS-Tucson). Populations from different elevations were selected to gain a 

more extensive representation of natural variation within each species. An 

area of 1 ha was designated for collection of plants and seed harvests at 

each site. Arizona cottontop sites were: Santa Rita Experimental Range 

[Chihuahuan Desert Grassland (Jordan 1982); elev. 1307 m; 31°48'N, 

110°,50'W], Diamond Bell Ranch near Three Points, Arizona (Upper Sonoran 

Desert Shrub/Chihuahuan Semidesert Grassland; elev. 940 m; 31°75'N, 

111°20'W), and Tucson (670 m). Plants grown from seed collected in 1926 

at a Tucson site, accession #9003694, were obtained from the SCS-Tucson 

Plants Material Center by manager Bruce Munda due to difficulty in finding 

an adequate population occurring naturally at this elevation. Falcon Valley 

Ranch near Oracle, Arizona (Chihuahuan Semidesert Grassland; elev. 1100 

m; 32°42'N, 1100 57'W), Sandario Road near San Xavier Mission (Upper 

Sonoran Desert Shrub; elev. 880 m; 32°05'N, 11°13'W), and Cabeza Prieta 

Wildlife Refuge near Ajo (Lower Sonoran Desert Shrub; elev. 457 m; 

32°12'N, 112°52'W) were chosen for collection of bush mUhly. Plains 

lovegrass plants were collected along Mt. Lemmon highway (Mogollon 



Plateau Coniferous Forest; elev. 1980 m; 32°22'N, 11 0043'W), at Ft. 

Huachuca (Chihuahuan Semidesert Grassland; elev. 1520 m; 31°34'N, 

110026'W), and at Buenos Aires National Wildlife Refuge near Sasabe 

(Chihuahuan Semidesert Grassland; elev. 1050 m; 31°35'N, 111°32'W). 
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Fifty plants were randomly selected and dug at each site and 

transplanted to 3 irrigated plots located at University of Arizona Campus 

Agricultural Centers in Tucson during summer, 1989. Two plots were 

located at the West Campus Agricultural Center, and the other plot was 

located at the Central Campus Agricultural Center. Each plot contained a 

single population of each species and was at least 800 m from other plots of 

that species to prevent pollen contamination. Seed was harvested by hand 

from at least 30 plants in native stands and irrigated plots in the fall of 

1989, 1990, and 1991. Seed was harvested for more than 1 year to 

evaluate variability among years of harvest and effects of seed aging. 

Throughout, the term collection refers to seed from either 1 native stand or 

irrigated plot of a species produced in a single year. Plains lovegrass and 

bush muhly seed harvests were cleaned at the SCS-Tucson Plant Materials 

Center. Bush muhly seed was separated from unwanted plant parts (trash) 

by: 1) placing inflorescences through a hammermill with a 0.32 mm screen 

to remove coarse trash, 2) feeding the sample through a debearder to 

remove fine trash, and 3) using a Clipper seed cleaner with varying rates of 



air flow to separate caryopses from lighter, empty florets and fine trash. 

Plains lovegrass was also placed through the hammermill and Clipper to 

separate unwanted plant parts from seed. Arizona cottontop was not 

cleaned because minimal trash was present in the harvested material. 
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Germination studies were done with: 1) 17 collections aged 18 and 30 

months (9 irrigated plots and 8 native stands) in 1989, 2) 17 collections 

aged 4 months (9 irrigated plots and 8 native stands) in 1990, and 3) 15 

collections aged 4 months (9 irrigated plots and 6 native stands) in 1991. 

Germination of 4 replications of 50 seeds collected from the irrigated plots 

and native stands were measured. In 1991, seed was collected from only 

15 sites due to lack of seed production at 2 sites. 

Weight of 4- and 18-month-old seed was measured for seed produced 

in 1989 and 1990, respectively, by weighing all seed in each replication 

prior to imbibition of seeds. Seeds were then placed in 9-cm diameter petri 

dishes with the bottom dish containing 1 layer of Whitman No.2 filter 

paper. Distilled water (2 ml) was used to hydrate the filter paper. Dishes 

were placed in a clear, sealed plastic bag to maintain high relative humidity. 

Additional water was added to petri dishes when needed. Seeds were 

exposed to 20°C (16 h) and 35°C (8 h) for a maximum length of 14 days 

(Chirco and Turner 1986). Germination was recorded every 12 hours for the 

first 4 days since preliminary germination studies indicated rapid germination 
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during this period. Thereafter germination was recorded once a day for the 

remaining 10 days. Caryopses were considered germinated when radicles 2 

mm were produced. 

Velocity of and percent germination were calculated following Scott et 

al. (1984). A coefficient of velocity (CV) is calculated as follows: 

CV = 1 OO[~Ni/~NiTi) 

where N is the number of seeds germinated on day i and T is the number of 

days from sowing. CV increases as more seeds germinate and with shorter 

germination time. Vigor of seedlings was evaluated by recording dry weight 

of seedlings and measuring radicle length of 10 randomly-selected 

seedlings/replication approximately 60 h after 80% germination of each 

species was achieved. Shapiro-Wilk test (Shapiro and Wilk 1965) indicated 

germination data was normally distributed. Analyses of variance and mean 

separation of species germination characteristics using parametric 

(Bonferroni) procedures were done by year and population due to significant 

interactions between irrigation effects and species populations. Throughout, 

P = 0.05 was used to define statistical significance. 



RESULTS AND DISCUSSION 

Analysis of variance of measured species characteristics showed 

significant interactions between populations and irrigation effects. 

Therefore, parametric statistics are based on comparisons of population

irrigation means. 

Arizona cottontop 

Percent and velocity of germination 
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Overall, germination was high for this species, ranging from 71 to 95% 

for seed from irrigated plots and 63 to 96% for seed fmm native stands 

(Table 1). Four-month-old seed from 1990 had similar percent germination 

for all populations whereas there were differences in percent germination for 

4-month-old seed in 1991 (Table 1). There were no consistent trends in 

percent germination and age of seed. 

Rainfall during the growing season may have influenced the percent 

germination of seeds for some collections. For example, SRER seed 

produced in 1991 (precipitation = 180 mm June-Aug.) exhibited 71 % 

germination compared to 90% for seed collected in 1990 (precipitation = 

467 mm June-Aug.) (Fig.1) (Anonymous 1990, 1991). However, another 

site, Diamond Bell Ranch, approximately 80 km west of SRER, had 95 and 

96% germination for 1990 and 1991, respectively. Arizona cottontop is 

the dominant herbaceous species at this non-grazed site and seed production 



was abundant in both years. 

Two of the 8 collections had significantly greater germination with 

irrigation, 2 had significantly less germination with irrigation, and 4 had 

similar germination between irrigated plots and native stands. Mean 

germination velocity was significantly greater for 3 of the collections with 

irrigation whereas 5 had similar velocity between irrigated plots and native 

stands (Table 1). 

Seed weight. and seedling root length and dry weight 
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Irrigated plots had significantly greater seed weight, seedling dry 

weight, and longer root length for 6 of the 8 collections (Table 2). Seed 

produced in irrigated plots, including the Tucson population, had mean 

values of 0.085 (± .002) mg, 0.096 (± .001) mg, and 15.9 (± 0.4) mm 

compared to 0.077 (± .002) mg, 0.089 (± .002) mg, and 10.7 (± 0.5) 

mm for seed produced in native stands for seed weight, seedling dry weight, 

and seedling root length, respectively (Table 2). Seeds with greater seed 

weight and more rapid development of a primary root may be highly 

desirable for use in revegetation; larger seeds have been shown to have 

greater chance of establishing than smaller ones (Kneebone and Cremer 

1955). However, larger seed weights did not consistently reflect greater 

germination percentage; of the 3 collections with heavier seed, only 1 had 

greater germination. In a field situation, with limited moisture for 
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establishment, a faster-developing radicle may lead to more rapid 

establishment of these seedlings compared to ones with lower initial weight 

and shorter root length. 

Plains love grass 

Percent and velocity of germination 

Plains lovegrass had a range in germination percentage from 66 to 99% 

for irrigated plots and 34 to 98% for native stands (Table 3). Variability 

among years and between seed from irrigated plots and native stands 

appeared to be related to climatic conditions during the growing season. For 

example, 4-month-old seed collected in 1991 from irrigated plots had greater 

percent germination than seed from native stands for 2 of the 3 :,opulations 

(Table 3). However, 4-month-old seed collected in 1990, a year with above

average rainfall (Anonymous 1990), exhibited similar germination between 

irrigated plots and r.ative stands for 2 of 3 populations. 

Seed collected in 1989 and tested 18 and 30 months later exhibited 

differences between :rrigated plots and native stands for 2 of the 3 

populations (Table 3). The Mt. Lemmon native stand had greater germination 

for both ages of seed whereas the Ft. Huachuca population had greater 

germination for the irrigated plot for 18-month-old seed only. 

Seed produced in the Mt. Lemmon native stand had the lowest mean 

germination velocity compared to all other collections, and seed from the 



37 

corresponding irrigated plot had the lowest velocity compared to all except 1 

irrigated collection for all 4 germination experiments. These results may be 

related to the environmental conditions of this ecotype. Exposure of this 

collection to temperature regimes more similar to those experienced in it's 

ecosystem may elicit a faster germination response. Overall, 2 of the 8 

collections had significantly greater velocity with irrigation and 6 had similar 

velocity between irrigated plots and native stands. 

Seed weight, and seedling root length and dry weight 

Plains lovegrass had great variation in seed and seedling characteristics. 

Irrigated plots had greater seed weight for 3 of the 6 collection comparisons, 

2 had greater seedling dry weight, and only 1 produced longer root length 

than native stands (Table 4). Only seedling dry weight for the Fort 

Huachuca population was greater for seed from the native stand. Irrigated 

plots had means of 0.014 (± .001) mg, 0.045 (± .003).1 mg, and 7.4 (± 

0.2) mm for seed weight, seedling dry weight, and seedling root length, 

respectively. Seed produced from native stands had means of 0.013 (± 

.001) mg, 0.038 (± .002) mg, and 6.8 (± 0.2) mm for seed weight, 

seedling dry weight, and seedling root length, respectively. 

Bush muhly 

Percent and velocity of germination 

Seed from irrigated plots ranged from 75 to 99% germination and seed 
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from native stands ranged from 75 to 98% germination (Table 5). There 

also appeared to be less variability overall in percent germination for this 

species among years and between irrigated plots and native stands than for 

Arizona cottontop or plains lovegrass. Seed from the Cabeza Prieta native 

stand exhibited significantly greater percent germination than that produced 

in the irrigated plot in 1991, and seed from the native stand of Falcon Pass 

showed less germination than seed produced in the irrigated plot in 1990. 

No germination differences were observed between 18- and 30-month-old 

seed produced in irrigated plots and native stands from Cabeza Prieta and 

Sandario populations (Table 5). 

Germination velocity ranged from 34 to 95 for irrigated plots and 32 to 

73 for native stands. Four out of 9 collections prod uced in irrigated plots 

had greater velocity than collections produced in native stands, while only 1 

of the native stand collections had greater velocity than collections from 

irrigated plots. 

Seed weight, and seedling root length and dry weight 

Irrigated plots had greater seed weight for 3 of the 6 collection 

comparisons and longer root length for only the Sandario population (Table 

6). Alternatively, only one native stand, Cabeza Prieta, produced seedlings 

with significantly greater root length. Seedling dry weight was similar for all 

collections. Irrigated plots had means of 0.015 (± .001) mg, 0.038 (± 
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.001) mg, and 12.6 (± 0.3) mm for seed weight, seedling dry weight, and 

seedling root length, respectively, whereas native stands ranged from 0.014 

(± .001) mg, 0.042 (± .002) mg, and 12.0 (± 0.3) mm for seed weight, 

seedling dry weight, and seedling root length, respectively. 

Species differences 

Although statistical comparisons among species were not made due to 

interactions between populations and irrigation practices, there were a few 

trends worthy of mention. For example, there were notable differences in 

velocity among the 3 species. Highest velocity noted for bush muhly was 

99, whereas highest velocities for plains lovegrass and Arizona cottontop 

were 54 and 39, respectively. Furthermore, averaging the coefficient of 

velocity over years and collections showed a mean of 31 (± 1.1) for Arizona 

cottontop, a mean of 36 (± 1.9) for plains lovegrass, and a mean of 58 (± 

4.1) for bush muhly. It is also interesting to note that plains lovegrass and 

bush muhly appeared to have similar seed weights, 0.013 and 0.015 mg, 

respectively, but mean root length at 14 days for bush muhly was over 5 

mm longer (12.3 mm) than for plains lovegrass (7.1 mm), possibly due to a 

combination of increased germination velocity and radicle growth. 

Bush muhly and plains lovegrass may benefit from rapid germination, 

and in the case of bush muhly, from relatively rapid development of a 

primary root. It has been suggested that conditions favorable for fast 
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germinating species are rainfall patterns without notable intermittent periods 

of drought (Elberse and Breman 1990). However, seed losses during the 

pre-emergence phase can be very high for rapidly-germinating grasses if 

periods of drought are experienced. Other work has shown that there is an 

advantage to rapid germination in situations where there may be competition 

for resources such as water and nutrients (Spitter and Aerts 1983). 

Historical natural establishment of bush muhly and plains lovegrass in 

natural communities may have been episodic since short storms followed by 

long drought periods often predominate in areas where these species occur. 

Bush muhly is often found in more mesic areas of a site such as riparian 

areas or under shrubs and trees (Almeida and Donart 1980). In such areas, 

periods of moisture may be extended compared to adjacent open areas. 

Furthermore, morphology of the bush muhly inflorescence encourages 

entanglement of seed heads in the branches of woody species thereby 

placing it in these more mesic locations within sites. 

Plains lovegrass, on the other hand, appears to establish preferentially 

in more open areas. The small seed size of plains love grass may mandate a 

light requirement to ensure dormancy until seed is near the surface (Fenner 

1985). Arizona cottontop may benefit from slightly slower germination; it 

may delay germination of some seed until more consistent, longer storms 

occur. Elberse and Bremen (1990) stated that conditions become more 
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favorable for slower-germinating species after dry periods have eliminated 

seedlings of rapidly-germinating species. In this situation, a slower 

germinating species such as Arizona cottontop will germinate after 

consistent rains and may become one of the dominant species on a site 

(Elberse and Bremen 1990). Perhaps the strategy of requiring a longer 

period of consistent moisture for germination protects the seed bank from 

being exhausted during shorter storms that are followed by longer drying 

periods. This hypothesis is supported by a coinciding field study done at the 

SRER that showed significant emergence of Arizona cottontop compared to 

plains lovegrass which had minimal emergence and bush muhly which 

exhibited no emergence. Plains lovegrass and bush muhly most likely 

germinated during early summer precipitation that was followed by a 2-week 

drying period thereby exhausting their seed bank prior to more consistent 

rainfall (Chapter 3). 
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CONCLUSIONS 

The results from this study demonstrates the variability in germination 

characteristics among populations, age of seed, and years of collection for 

these native grasses. Climatic conditions, especially rainfall in hot, arid 

environments, may play an important role in the development of seed. 

However, irrigation during seed development does not always lead to 

improved germination; irrigated plots had greater germination for only 21 % 

of all collections evaluated. Several factors may influence variability of seed 

quality from irrigated plots, including time and frequency of irrigation, and 

adaptability of transplanted material to environmental conditions of the seed 

production site (Kuleshov 1946). However, irrigated plots produced heavier 

seed for 56% of the collections and produced seed with greater mean 

velocity of germination for Arizona cottontop and bush mUhly. Closer 

monitoring of irrigated plots with more intensive management than provided 

in this study would probably reduce variability in germination characteristics. 

This could provide a more consistent seed source and meet the demand for 

desirable revegetation species (Fisher et al. 1987). Overall percent 

germination for all 3 species was acceptable if not excellent for reseeding 

purposes; Arizona cottontop ranged from 62 to 96%, plains lovegrass 

ranged from 34 to 99%, and bush muhly ranged from 75 to 99%. Selection 

of populations that show high germination may lead to increased 
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opportunities using native species for large-scale restoration projects. 

Finally, determining and comparing rates of germination of potential 

revegetation species may aid scientists in understanding why certain species 

establish during a particular rainfall regime while others do not emerge. 



Table 1. Mean percentage and rate of germination of Digitaria californica from 3 populations. grown under irrigated and natural 

conditions. 

Diamond Bell Ranch Santa Rita Experimental Ranqe Tucson 

Collection date I seed age Germination parameters Irrigated Native stand Irrigated Native stand Irrigated 

1991 I 4 months Germination (%) 71b1 96a 82a 71b 84 

Germination veloci ty2 32a 20b 26a 21a 31 

1990 I 4 months Germination (%) 94a 95a 95a 90a 85 

Germination velocity 36a 32b 33a 33a 38 

1989 I 18 months Germination (%) 93a 94a 85a 62b 67 

Germination velocity 39a 30b 32a 25a 35 

1989 I 30 months Germination (%) 77b 89a 86a 91a 45 

Germination velocity 35a 32a 33a 29a 35 

lMeans within population and row that are followed by a different letter are significantly different (P s 0.05) by Bonferroni t-test. 

2Determined using the coefficient of velocity: CV 100[rN/rNjTj). N = no. of seeds germinated on a day. T = no. of days after sowing. 
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Table 2. Mean weight of seeds and seedlings, and mean seedling root length of Digitaria californica from 3 populations, grown under 

irrigated and natural conditions. 

Diamond Bell Ranch Santa Rita Experimental RanQe Tucson 

Collection date I seed age Germination parameters Irrigated Native stand Irrigated Native stand Irrigated 

1990 I 4 months Seed wt. (mg) 0.087al O.077b 0.083b 0.085a 0.077 

Seedling dry wt. (mg) 0.097a 0.088b 0.091a 0.093a 0.094 

Seedling root length (mm)2 15.4a 11.4b 11.3a 11.3a 18.4 

1989 I 18 months Seed wt.(mg) 0.094a 0.081b 0.095a 0.066b 0.077 

Seedling dry wt. (mg) 0.098a 0.088b 0.098a 0.086b 0.097 

Seedling root length (mm) 19.4a 11.9b 15.2a 8.3b 15.6 

'Means within population and row that are followed by a different letter are significantly different (P s 0.05) by Bonferroni t·test. 

2Measured at age 10 days. 
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Table 3. Mean percentage and rate of germination of Eragrostis intermedia from 3 populations. grown under irrigated and non-irrigated conditions. 

Buenos Aires Wildlife Refuge Ft Huachuca Mt. Lemmon 

Collection date I seed age Germination parameters Irrigated Native stand Irrigated Native stand Irrigated Native stand 

1991 I 4 months Germination (%) 74a1 34b 66a 61a 93a 67b 

Germination velocity 35a2 31a 35a 37a 24a 20a 

1990 I 4 months Germination (%) 59a 61a 73a 71a 90a 73b 

Germination velocity 47a 35b 41a 34a 30a 17b 

1989 I 18 months Germination (%) 98a 89a 51b 94a 76b 99a 

Germination velocity 37a 33b 30a 38a 34a 27a 

1989 I 30 months Germination (%) 99a 98a 88a 99a 80b 98a 

Germination velodty 50a 45a 53a 54a 36a 38a 

lMeans within population and row that are followed by a different letter are significantly different (P :s 0.05) by Bonferroni t-test. 

2Determined using the coefficient of velocity: CV 100[rN,IrN;TiJ. N = no. of seeds germinated on a day. T = no. of days after sowing. 
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Table 4. Mean weight of seeds and seedlings, and mean seedling root length from Eragrostis intermedia from 3 populations, grown 

under irrigated and natural conditions. 

Buenos Aires Wildlife Refuge Fort Huachuca Mt. Lemmon 

Collection date I seed age Germination parameters Irrigated Native stand Irrigated Nativa stand Irrigated Native stand 

1990 I 4 months Seed wt. (mg) 0.009a l 0.010a 0.015a 0.017a 0.012a 0.014a 

Seedling dry wt. (mg) 0.044a 0.045a 0.039b 0.046a 0.034b 0.041a 

Seedling root length (mm)2 4.1a 4.1a 6.8a 6.5a 5.5a 5.0b 

1989 I 18 months Seed weight (mg) 0.014a 0.010b 0.016a 0.013b 0.017a O.Ol1b 

Seedling dry wt. (mg) 0.038a 0.036a 0.040a 0.032a 0.049a 0.025b 

Seedling root length (mm) 8.3a 7.9a 8.7a 9.4a 11.0a 7.8b 

IMeans within population and row that are followed by a different letter are significantly different (P s 0.05) by Bonferroni t-test. 

2Measured at age 10 days. 
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Table 5. Mean number and rate of germination of Muhlenbergia porterifor 3 populations, grown under irrigated and natural conditions. 

Falcon Pass Ranch Cabeza Prieta Sanda rio 

Collection data / seed age Germination parameters Irrigated Native stand Irrigated Native stand Irrigated Native stand 

1991 /4 months Germination (%) 87' 78b 94a 98 

Germination velocity 44 34b 43a 56 

1990 / 4 months Germination (%) 92a 75b 75a 84a 84a 86a 

Germination velocity 69a 33b 36a 32a 41a 73a 

1989 / 18 months Germination (%) 99a 97a 81a 95a 98a 96a 

Germination velocity 95a 70b 74a 60a 85a 43b 

1989 / 30 months Germination (%) 99 94a 98a 96a 94a 

Germination velocity 83 67a 59a 70a 51b 

1 Means within population and row that are followed by a different letter are significantly different (P :5 0.05) by Bonferroni t-test. 

20etermined using the coefficient of velocity: CV = 100[IN/INjTl N = no. of seeds germinated on a day. T = no. of days after sowing. 
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Table 6. Mean weight of seeds and seedlings of Muhlenbergia porterifrom 3 populations, grown under irrigated and natural conditions. 

Falcon Pass Ranch Cabeza Prieta Sanda rio 

Collection date I seed age Germination parameters Irrigated Native stand Irrigated Native stand Irrigated Native stand 

1990 I 4 months Seed wt. (mg) 0.016a1 0.015b 0.012b 0.015a 0.012b O.015a 

Seedling dry wt. (mg) 0.033a 0.040a 0.038a 0.037a 0.035a 0.034a 

Seedling root length (mm)2 12.1 a 11.4a 8.1b lO.7a 11.6a 12.2a 

1989 I 18 months Seed wt. (mg) O.018a 0.007b O.016a 0.015a 0.018a 0.016b 

Seedling dry wt. (mg) 0.039b O.065a O.044a 0.038a 0.036a 0.035a 

Seedling root length (mm) 16.8a 14.9a 11.4a 10.3a 15.8a 12.2b 

1Means within population and row followed by a different letter are significantly different (P :s 0.05) by Bonferroni t-test. 

2Measured at age 10 days. 
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II. SEEDLING EMERGENCE OF WARM-SEASON NATIVE GRASSES 

IN RELATION TO MICROSITES 

ABSTRACT 

50 

Organic or microtopographic factors can be beneficial to seedling 

establishment in hot, arid environments by reducing soil temperatures and 

water loss, and shading surfaces of seedbeds.· A field study was initiated in 

June 1990 and again in June, 1991 at the Santa Rita Experimental Range in 

southern Arizona to investigate the effects of soil surface covers on 

establishment of 4 grasses. Emergence, survival, and seedling 

characteristics of 3 native grasses were determined in relation to 3 soil 

surface treatments (0.64 cm granite, 1-4 cm layer of litter, and 1-2 cm deep 

furrows) and 2 cultivation treatments (uncultivated and cultivated soil). 

Grasses included native Arizona cottontop [Digitaria californica (8enth.) 

Chase], bush muhly (Muhlenbergia porteri Scribn.) and plains lovegrass 

(Eragrostis intermedia Hitchc.), and the exotic grass, yellow bluestem 

[Bothriochloa ischaemum (L.) Keng var. ischaemum]. All species emerged 

except bush mUhly. Arizona cottontop had similar emergence for cultivated 

and uncultivated plots whereas yellow bluestem had greater emergence in 

cultivated plots. Litter promoted greater survival of Arizona cottontop 

seedlings compared to furrows and gravel during 1990 which had high and 
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consistent summer precipitation (available moisture for 29 days in July). 

Ten Arizona cottontop seedlings emerged in the following year, which had 

only 10 days in July with available soil moisture. However, established 

Arizona cottontop and yellow bluestem seeded in 1990 had greater survival 

in litter than gravel or furrow treatments in 1991 and 1992. Lower seedling 

survival in furrow than gravel or litter treatments may have resulted from 

interference from a greater density of non-seeded Lehmann lovegrass 

(Eragrostis lehmanniana Nees.) seedlings (43.3/2-m row) in these plots 

compared to those in litter plots (0.6/2-m row). Lower seedling survival in 

gravel plots may have been due to higher soil temperatures (43.3 ± 0.73 

°C) and fewer days with available soil moisture than for litter plots (38.0 ± 

0.78 °C, 53 d). These 2 factors and fewer number of Lehmann seedlings 

may explain the greater number of seedlings persisting in plots having a 

layer of litter. Soil covers appear to positively influence survival rather than 

emergence of particular species. 
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INTRODUCTION 

The availability and characteristics of microsites within a seedbed may 

influence the success of seed germination and seedling establishment. 

Certain microsites may provide environmental conditions that favor 

germination and establishment of various species (Bookman 1983, Evans 

and Young 1987, Harper 1977). For example, microtopographic 

modifications to the soil surface (shallow depressions or furrows), plant 

litter, and rocks can create microsites for seeds that extend the period of 

available water in hot, arid climates (Evans and Young 1972). Such 

microsites or "safe sites" (Harper 1977) may provide a) stimuli required for 

breaking seed dormancy, b) conditions required for the germination 

processes to proceed, and c) resources (water and oxygen) necessary to 

initiate and support germination and seedling growth. Diversity of, and 

sometimes seasonal alterations, in microsites often provide temporal as well 

as spatial variation in an environment and may partially account for the 

coexistence of species thereby contributing to community diversity (Evans 

and Young 1987, Fowler 1986, Harper 1961 & 1977, Keddy et al. 1989, 

Whittaker and Levin 1977). 

Microtopographic features appear to be most valuable for germination 

and seedling establishment because of their ability to capture water and 

retain soil moisture (Harper and Benton 1965). This may be especially 
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important in arid environments (Nobel 1978). In addition, microtopographic 

features may modulate diurnal temperatures and protect sensitive species 

from direct sunlight (Nobel 1978). Sterling et a!. (1984) suggested that 

variation in microtopography was the most important factor in the first 

stages of succession in a mesic environment. Cousens et a!. (1988) 

examined microsites, typically sites with decayed pine stumps and twigs or 

hummocks, for the establishment of gametophytes of Lorinseria areolata 

Underw. (a fern). They found the greatest density of gametophytes 

associated with sites with decayed pine stumps and wood that altered the 

microtopography. Captured water in microsites in some mesic environments 

may be detrimental to seedling emergence; in deep fissures, water may trap, 

bury, or flood seeds and actually decrease seed germination and seedling 

development (Evans and Young 1972). 

Litter cover creates microsites by altering the quantity and quality of 

light, moisture, or nutrients (Call and Roundy 1991). Success of seedling 

establishment from seeds lying on the soil surface is often less than that for 

seeds lying under a protective layer of litter (Dowling et a!. 1971, Sheldon 

1974, Peart 1984). As with soil microtopography, the effect of litter 

sometimes depends on climatic conditions and the vegetation composition of 

a community. In some mesic sites, litter may trap moisture, reduce oxygen 

availability, increase soil pathogens, and reduce emergence (McClaran and 
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Bartolome 1989, Werner 1975, Winn 1985). However, Cheplick and Quinn 

(1987) noted the positive role of plant litter in establishment of 

Amphicaroum purshii Kunth. (Amphicarpic peanutgrass) in the New Jersey 

Pine Barrens. In a greenhouse study, they noted that seeds on the surface 

of bare soil in pots were more likely to lose viability and less likely to 

germinate than seeds protected by litter or buried in soil. Furthermore, 

presence of unburned litter positively affected seedling emergence, height, 

and reproductive output. Fowler (1986) stated that low (100 g /0.9 m2) 

litter and rocks have been associated with successful plantings in xeric 

environments. Under arid conditions litter may protect seedlings from high 

temperatures, prolong the period of available soil moisture, and provide 

nutrients for establishing seedlings (Evans and Young 1970, 1972). For 

example, Glendening (1942) found increased germination of Arizona 

cottontop in an arid environment when the soil surface was covered with 

straw or cotton gauze compared to bare soil. However, seedling emergence 

can vary in relation to the quantity and type of litter. For example, 

allelopathic litter may inhibit seed germination of particular species in both 

mesic and arid environments (Everett 1987, Muller 1953). 

The variable effects of soil microtopography and litter, which are largely 

dependent on climatic conditions, also appear to hold true for other microsite 

factors. For example, nurse plants and rocks typically create microsites in 
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arid environments where high temperatures and soil moisture are altered by 

shade from these features (Call and Roundy 1991, Nobel 1978, Shmida and 

Whittaker 1981). Fowler (1986) noted that rocks appeared to prevent 

desiccation of the soil surface and increased germination of Aristida 

longiseta Steud. and Boute/oua rigidiseta Steud. compared to smooth soil. 

In the western Colorado desert Nobel (1978) investigated microsites 

occupied by Notho/aena parryi D.C. Eaton, typically found on the north side 

of rock outcroppings. These microsites modified diurnal air temperatures 

and protected plants in direct sunlight. In addition, rainfall runoff was 

channeled to the periphery of the rocks, increasing water availability to 

plants. Other succulent species, such as Agave deserti Engelm. and 

Carnegiea gigantea Engelm. are also frequently found in microsites on the 

north side of rocks (Jordan and Nobel 1979, Parker 1987). Winkel et al. 

(1991) found that water content decreased in bare soil more quickly than in 

soil covered with gravel. In that study, greatest emergence of Boute/oua 

curtipendu/a (Michx.l Torr., Panicum antidota/e Retz., and Eragrostis 

/ehmanniana Nees. x E. tricophera occurred from gravel-covered soil. These 

authors further noted that one of the most important characteristics of these 

type of microsites is their association with high humidity and soil moisture. 

By reducing daytime air and soil temperatures, these microhabitats may lead 

to greater retention of soil moisture and hence an extension of the growing 
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season for some species in arid environments. 

Research related to microsite effects on seed germination and seedling 

establishment may allow better use of microsites for optimizing regeneration 

of desired species in natural communities. The objective of this study was 

to compare the effects of cultivation combined with organic or 

microtopographic factors (plant litter, gravel, and shallow furrows) on seed 

germination and seedling characteristics of 3 Arizona native grasses, Arizona 

cottontop [Digitaria californica (Benth.) Chase], bush muhly (Muhlenbergia 

porteri Scribn.) and plains lovegrass (Eragrostis intermedia Hitchc.), and 1 

exotic grass, yellow bluestem [Bothriochloa ischaemum (L.) Keng var. 

ischaemum]. Our hypothesis was that cultivation and soil cover such as 

gravel and litter would increase periods of available water and therefore 

increase emergence and persistence of sown species compared to 

uncultivated and furrowed plots. 
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MATERIALS AND METHODS 

This study was initiated during the third week of June, 1990, and 

repeated in the first week of June, 1991, inside an exclosure existing since 

1984 at the Santa Rita Experimental Range, 60 km south of Tucson, Arizona 

(elevation 1380 m; 31°46'N, 1100 50'W). The site is situated on an alluvial 

fan with a maximum slope of 5%. It has Tanque Series (coarse-loamy, 

mixed, thermic, Typic Torrifluvent) soils, and is classified as a sandy loam 

upland range site in the 30-40 cm precipitation zone (SCS 1980). 

Precipitation is bimodal, with approximately 60% of the precipitation falling 

between July and September and the remaining 40% falling between 

December and March. Annual temperatures range from 0-40°C. 

The area surrounding the exclosure supports a Chihuahuan semidesert 

grassland (Jordan 1981), with the overstory consisting primarily of velvet 

mesquite (Prosopis velutina Wooton.). Understory species include 

burroweed [Happlopappus tenuisectus (Green) Blake], prickly pear and cholla 

(Opuntia spp.), Lehmann lovegrass (Eragrostis lehmanniana Nees.), three

awn species (Aristida spp.), Arizona cottontop, black grama (8outeloua 

eriopoda Torr.), slender grama [8. filiformis (Fourn.) Griff.] and sprucetop 

grama [8. chondrosioides (H.B.I<.) Benth.l (Martin 1966). 

Experimental plots within the exclosure were sprayed with glyphosate 

[(N-[phosphonomethyll glycine), trade name: 'Roundup'] to control existing 
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species, predominately Lehmann lovegrass, and then mowed and raked 

lightly to remove excess litter. Arizona cottontop, bush muhly, and plains 

lovegrass seed used in this study were collected in 1989 and 1990 from 

seed production plots located in Tucson, Arizona (Chapter 2). Yellow 

bluestem seed was donated by the Soil Conservation Service Plant Materials 

Center, Tucson. Plots (2 x 2 m) were assigned to treatments using a split

split-plot experimental design with 6 replications in each year. Each 

replication contained 4 species (main plots), 2 cultivation treatments 

(cultivated and uncultivated; sub-plots) and 3 soil surface treatments 

(furrows, gravel, and litter; sub-subplots) within each cultivation treatment. 

Replications were placed parallel to a slight slope gradient to minimize 

variation within replications. 

Construction of plots 

Plots assigned the cultivation treatment were tilled approximately 10-

cm deep using a rototiller. Each plot contained 9, 2-m-long rows 20 cm 

apart and 200 pure live seeds were sown in each row under 1-2 mm of soil. 

Each soil surface treatment (subplot) contained 3 rows. The furrow 

treatment consisted of 4 mm depressions created by dragging a hoe along 

scored rows, and sowing and covering seed. Seeds of litter and rock 

treatments were sown in scored rows and covered lightly with soil. The 

litter treatment involved covering 3 rows with clipped stems and foliage of 
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Lehmann lovegrass and anchoring the litter to the surface with 6.5-cm 2 

plastic netting. Litter covered approximately 85% of the 3 rows and area 

between rows at a depth of approximately 1 cm. The gravel treatment 

consisted of 1 layer of 0.64-cm decomposed granite, similar in color to the 

field soil, covering the 3 rows and area between rows. 

Measurement of seedbed environment 

Soil temperature, soil water content, total and net radiation, air 

temperature, relative humidity and wind speed, and soil heat flux were read 

every minute and 30-minute averages were recorded using Campbell CR-10 

microloggers and AM-32 multiplexers. Precipitation intensity and amount 

were recorded with a tipping bucket rain gauge. These variables were 

recorded beginning 1 July 1990. Soil temperatures were measured at 

1,2,3,5,9, and 13 cm with copper-constantan thermocouples glued in 15-cm 

plastic pipettes. Wires from 3 pipettes were connected in parallel for each 

depth. Three pipettes each were buried in 1 replication of bare, litter

covered, and gravel-covered seed beds. Soil water content was measured 

with fiberglass soil cells (Colman and Hendrix 1949) calibrated in 

undisturbed soil cores from the field site. Cells were buried at intervals of 1-

3, 4-6, 8-10, 12-14, and 18-20 cm in bare, litter-covered and gravel-covered 

seedbeds for 3 replications. Soil water content was related to matric 

potential and soil water availability using a moisture release curve developed 



using a pressure plate. 

Data Collection 

1990 
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Plots were checked periodically following the initiation of summer rains. 

Emergence was recorded for each row on 30 July 1990. This date was 

chosen because: 1) soil moisture had previously been available for a 

sufficient time for germination (14 days-Fig. 1), 2) the soil surface was 

starting to dry, and 3) seedling emergence of study species appeared to 

reach a maximum value (determined by random measurement of density for 

several dates). The high number of emerged non-seeded Lehmann lovegrass 

and small seedling size and number of plains lovegrass seedlings made the 2 

species indistinguishable until the following growing season when flowering 

plains seedlings were counted. Therefore the number of plains lovegrass 

was recorded the following year. Number of non-seeded forbs and grasses 

that emerged in rows was also recorded. 

Seedling height, drought appearance, and flowering of Arizona 

cottontop and yellow bluestem were measured approximately 30 days after 

germination and once every 7 days until seedlings were dormant (the second 

week of October) for a total of 7 dates. All 3 rows in each subplot were 

evaluated as a group for these measurements. Seedling height and 

desiccation were assessed using ranking methods and based on seedling 
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average height and appearance related to wilting, respectively. Seedling 

height of each group was scored using a rank of 1-5. Desiccated seedlings 

were given a ranl< of 2 versus turgid seedlings that were given a rank of 1. 

Turgid leaves were lighter green and open whereas drought-stressed leaves 

were darker green and had curled edges. Number of inflorescences 

produced per sub-subplot was also recorded for each date. Surviving 

seedling density per row was recorded on 30 October 1990. 

1991 

Plots were checked for emerged seedlings weekly from June through 

August. However, only a small number « 1 0) of Arizona cottontop 

seedlings emerged in the study initiated this year. Consequently, no 

statistical analysis was performed on sown species. However, the number 

of non-sown forbs and grasses was recorded for comparison with forbs that 

emerged in the previous year. 

Inflorescence number and survival of seedlings sown in 1990 were 

recorded on 15 August 1991. Aboveground biomass was also determined 

for Arizona cottontop seedlings sown in 1990 on 19 October 1991. This 

was not determined for yellow bluestem or plains lovegrass due to the low 

seedling density. Plants in the center row of each sub-sub plot were 

harvested approximately 3 mm above the surface, and fresh weight of the 

plot sample recorded. Samples were bagged and transported to the 
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Data Analysis 
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Shapiro-Will< tests (Shapiro and Wilk 1965) showed that germination 

and seedling survival data were normally distributed, therefore significance 

of main effects and interactions was determined by analysis of variance and 

appropriate means were separated with the Tukey studentized range test 

(HSD). Shapiro-Wilk tests for normality of seedling height, desiccation, and 

flowering data indicated significant deviations from normal distribution, 

probably due to the small range of values used to measure these characters. 

Therefore, an analysis of variance using ranked data was done followed by a 

Tukey multiple range test to determine significance. This procedure is 

equivalent to a Friedman (1937) 2-way analysis for block designs (Conover 

1980). Throughout, P = 0.05 was used to define statistic significance. 
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Seedling emergence and survival 
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Analysis of variance of seedling emergence and survival showed a 

significant interaction among species (main effects) and surface treatments 

(sub-subplot effects)(Appendix A). However, density differences were so 

large among species (Table 1), that this interaction was considered minimal 

and results were based on comparisons of main, as well as sub-plot, and 

sub-subplot means. 

Species comparisons 

Three of the 4 species sown in 1990 emerged. Arizona cottontop had 

greater emergence than yellow bluestem across all surface and cultivation 

treatments (Table 1). Survival of Arizona cottontop (94%) was also greater 

than other species over a 4-month period. Plains lovegrass plants sown in 

1990 were counted in 1991 due to difficulty in identification during the 

seeding year. This value was minimal, averaging 1.5 plants/2 m-Iong row. 

Arizona cottontop continued to have a significantly greater number of 

seedlings than yellow bluestem in 1991 and 1992 (Table 2). 

Seed sown in the 1991 field study had very low emergence; less than 

10 seedlings of Arizona cottontop emerged overall with no other seeded 

species emerging. Differences in rainfall amount and distribution may 

explain variation in emergence between the 2 years. Rainfall during 1990 



64 

was relatively high with 307 mm occurring in July, whereas in 1991 rainfall 

totaled only 62 mm in July (Fig 1). Furthermore, 2 short (3-5 days) storms 

occurred in both June and July 1991 (Fig. 1). If short storms are followed 

by a significant dry period, seeds may germinate but desiccate before 

subsequent storms (Frasier et al. 1985). On the other hand, 1990 had only 

1 short storm in June. Seedlings emerged after frequent rainfall and soil 

moisture was continuously available (above -1.5 MPa) at 1-3 cm for over 3 

weeks. Soil moisture at the 1-3 cm depth was available for all treatments 

during this time (Fig. 2). Still, plains lovegrass had minimal emergence and 

bush muhly apparently did not emerge during this long rainy period in 1990. 

Germination of these species may have occurred during a short storm in 

June and seedlings desiccated during a subsequent dry period. Other 

research coinciding with this study showed that these species generally 

germinated quickly (17-72 h) and that bush muhly germinated more rapidly 

than the other species studied (Chapter 2). Establishment success for some 

species, such as Arizona cottontop, appears to be related to response to 

moisture. For example, Arizona cottontop may not have germinated as 

quickly, and therefore may have had seed reserves available for longer 

periods of available moisture later in the season. Seeding technique may 

have also influenced the low emergence of plains lovegrass. Roundy et al. 

(1992a) showed that continual darkness decreased germination of Lehmann 



lovegrass. It is not known if plains lovegrass has a light requirement for 

germination. If it does, it may have been sown too deeply to germinate. 
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Only one non-seeded species, carpetweed (Mol/ugo verticil/ata L.) 

showed greater emergence for certain treatments in 1991 than in 1990 

(Table 3). Perhaps lack of interference from other species that did not 

germinate with this type of rainfall pattern allowed greater establishment of 

this non-seeded species. Also, germination characteristics of a particular 

species may suggest that certain species tolerate a wider range of rainfall 

patterns and therefore emerge more frequently than sown species. Other 

non-seeded forbs, sida (Sida spinosa var. angustifolia L.), caltrop 

(Kal/stroemia grandiflora Torr. ex. Gray.), and cassia (Cassia leptadenia 

Greenm.) had similar emergence in 1990 and 1991. 

Surface and soil treatment comparisons 

Cultivation contributed to increased seedling emergence of yellow 

bluestem in 1990 (Table 2). Survival of yellow bluestem in 1990 did not 

differ between surface treatments. However, seedling density between 30 

July and 30 October decreased from 19% for uncultivated plots to 43% for 

cultivated plots. This trend continued for the 1991 and 1992 growing 

seasons, although the differences between percent decrease for the 

cultivation treatments were not as great as in 1990. Arizona cottontop did 

not show any differences between cultivation treatments for emergence or 
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survival over 3 years. 

Two non-seeded forbs, carpetweed and sida, had greater survival for 

cultivated plots compared to uncultivated ones in 1990 and witchgrass 

(Panicum capillare L.) had greater emergence in cultivated than uncultivated 

plots, indicating these species may prefer disturbed sites for establishment 

(Table 3). 

Previous work has suggested that cultivation may lead to greater 

emergence and survival under arid conditions because it creates depressions 

that shade the surface and capture water, thereby possibly extending the 

period of available soil moisture for seeds and seedlings (Harper and Benton 

1965). However, tillage for this study was done with a small rototiller due 

to small plot size. Use of larger equipment may have produced larger 

depressions and provided greater potential for capturing of water and 

shading seeds during germination. Indeed, our treatment appeared to reduce 

microtopography because the first significant rainstorm settled the tilled soil, 

thereby creating a more level surface compared to uncultivated plots. 

Surface treatments affected emergence of 1 seeded species, Arizona 

cottontop (Table 2), whereas the other sown species that emerged, yellow 

bluestem, had similar emergence and survival among surface treatments for 

1990. Litter and gravel treatments had respectively, greater and similar 

emergence of Arizona cottontop seedlings than the furrow treatment in 
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1990. All treatments had available moisture at 1-3 cm when emergence 

occurred (Fig. 2). Due to the heavy rainfall in this year, soil matric potential 

was below -1.5 MPa in July for only 2 days for the furrow treatment and 1 

day for the gravel and litter treatments. However, the number of days with 

available moisture varied among treatments at the 4-6 cm soil depth, where 

most seedlings roots would be located (Fig. 3). This may explain the greater 

number of Arizona cottontop seedlings surviving in the litter treatment than 

in furrow and gravel treatments (Table 1). Furthermore, the litter had lower 

mean maximum temperature (38°C ± 0.78) at 1-3 cm than furrow (41.4°C 

± 0.78) and gravel (43.3°C ± 0.73) treatments during the growing season. 

Significantly more non-seeded Lehmann lovegrass seedlings in the furrow 

treatment may also explain the significantly lower number of Arizona 

cottontop seedlings in this treatment than for the litter treatment in 1990 

(Table 3). It appeared that interference from invasive species such as 

Lehmann lovegrass was minimal on the litter treatment, possibly allowing a 

greater number of sown species to establish and persist. Carpetweed was 

the only other non-seeded species besides Lehmann lovegrass that had 

significant differences among surface treatments (Table 3). However, the 

furrow treatment had greater density than gravel and litter treatments for 

1991 only. 

Arizona cottontop had higher seedling survival for the litter treatment 
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than the furrow and gravel treatments in 1991 and 1992 (Table 2). 

Seedling density was also higher for the gravel than furrow treatments in 

1992. Yellow bluestem seedlings also had greater seedling survival for the 

litter treatment in 1991 and 1992. Litter had a greater effect in retaining 

available moisture at 1-3 cm during a dry year (1991) than a wetter year 

(1990) (Fig. 4). The litter treatment had 10 more days of available moisture 

(matric potential> -1.5 MPa) than the furrow treatment and 8 more days 

than the gravel treatment between 1 July and 10 September 1991. During 

this period in 1990, greatest difference in days of available moisture among 

treatments was 3 days (furrow = 59 days, gravel = 62 days, and litter = 

61 days) at the 1-3 cm depth. However, additional days of available 

moisture due to litter cover obviously were not sufficient to elicit much 

emergence of seeded species in the field study of 1991. Seeds were buried 

at < 1 cm and the soil at this depth may have been drier than the soil at 1-3 

cm where sensors were buried. Shorter storms and significant dry periods 

during June and July may have caused germination and desiccation of seeds 

sown in 1991 (Fig. 1). After seedling emergence, extended periods of soil 

moisture and lower average soil temperature associated with litter may 

provide an opportunity for certain species to persist that otherwise would 

not survive in areas with no cover. 
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Morphology and forage production 

Arizona cottontop seedlings on cultivated plots were shorter, appeared 

to be more desiccated, and flowered less than those on uncultivated plots 

(Table 4). As mentioned previously, cultivation appeared to decrease 

microtopographic relief compared to uncultivated plots. Yellow bluestem 

seedlings had greater apparent desiccation under cultivation but produced a 

greater number of inflorescences. Perhaps this species responds to stress 

by reproducing more readily than Arizona cottontop. Other studies have 

indicated that seedlings in hot, arid environments often produce seed rather 

than use resources to increase vegetative growth (Keddy et al. 1989). 

Surface treatments did not affect the number of inflorescences for 

either species, but the litter treatment did have more turgid yellow bluestem 

seedlings than the furrow and gravel treatments (Table 4). Litter and gravel 

treatments also were associated with greater seedling height than the furrow 

treatment for this species. 

Total fresh and dry weight per plot row of Arizona cottontop plants 

measured in 1991 were similar between cultivation treatments (Table 5). 

Among surface treatments, plants sown in the litter treatment had the 

greatest total fresh and dry weight. However, there were no differences 

among treatments when yields were expressed on a per plant basis, possibly 

due to the amount of intraspecific competition within rows that increased 
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from furrow to litter treatments (Table 5). There were also no differences in 

number of inflorescences between cultivation treatments, but grasses in the 

litter treatment had significantly more inflorescences than those in furrow 

and gravel treatments (Table 5). 
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CONCLUSIONS 

Surface gravel and litter increased seedling persistence over a 3-year 

period in this study. However, increased periods of available water due to 

soil covers may not ensure seedling establishment when initial summer 

rainstorms are followed by long dry periods. Roundy (1992) also noted that 

germination or growth of seedlings was affected more by amount and 

frequency of precipitation than extension of periods of available moisture 

due to soil disturbance. In that study, it appeared that seeds germinated 

following short storms in June and July and desiccated before seedlings 

emerged. Other studies have also noted that seed losses during the pre

emergence phase appeared high if seeds of some of these species receive a 

short period of moisture followed by a notable dry period (Frazier et a!. 

1985, Elberse and Breman 1990). In the current study, emerged seedlings 

had greater survival and, in some cases, seed production, on the litter 

treatment than on gravel or furrow treatments. During dry years when soil 

moisture is limited, surfaces covered with the litter and gravel rather than 

with furrows with no cover may have more available moisture at lower 

depths that can be utilized by established plants with more substantial root 

systems than seedlings. These surface treatments may also play an 

important role as germination inhibitors of undesirable species that tolerate a 

wider range of rainfall amount and distributions for germination than seeded 



native species. By inhibiting germination of such species, competition for 

site resources may be reduced. 

72 



73 

Table 1. Density of yellow bluestem and Arizona cottontop seedlings for 2 

dates and for 2 cultivation and 3 surface (furrow, gravel, and litter) 

treatments in southern Arizona in 1990. 

Date 

Species 30 July 30 Oct 

seedlings / 2-m long row 

Arizona cottontop 59.9a' 56.4a 

Yellow bluestem 10.2b 6.6b 

, Means within a column followed by a different letter are significantly 

different (P ~ 0.05) by the Tukey studentized range test. 
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Table 2. Emerged and surviving seedlings of Arizona cottontop and yellow bluestem for 2 cultivation 

and 3 surface treatments during 3 growing seasons (1990-1992) in southern Arizona. 

1990 1991 2 

Species Cultivation/surfaca treatment 30 July' 300ce 

--------------seedlings/2·m row------------

Arizona cottontop Cultivated 59.803 54.10 39.90 23.50 

Uncultiveted 60.80 58.80 47.30 24.90 

Furrow 52.8b 46.4b 29.8b 13.0c 

Gravel 59.9ab 52.6b 40.1b 21.7b 

Litter 67.10 70.30 60.80 37.90 

Yellow bluestem Cultivated 13.70 7.80 9.10 7.20 

Uncultivated 6.7b 5.40 7.70 4.40 

Furrow 12.60 7.20 5.2b 2.8b 

Gravel 8.40 7.60 7.2b 4.2b 

Litter 9.50 9.10 12.80 10.40 

'Emerged seedlings. 

2Surviving plants sown in 1990. 

3Means within a column and year followed by 0 different letter ore significontly different (P S 0.05) by the Tukey 

studentized ronge test. 



Table 3. Density of non-seeded forbs and grass seedlings for 2 cultivation and 3 surface treatments in 1990 and 1991 in southern 

Arizona. 

Non-seeded species 

Year Cultivation/surface treatment lehmann lovegrosa Sid" Cassia Carpetweed Caltrop Witchgrass 

--------------------------------------------seedling&/ 2·m row----·-·---------------------------------------

1990 Cultivated 1704,,' 1.4" 0.6a 6.7a 0.6a 2.78 

Uncultivated 24.3a OAb OAa 6.1b 0.2" 3.1a 

Furrow 36.9a 0.9a 0.6a 7.7a 0.28 2.3" 

Gravel 16Ab 1.2a 0.5a 7.5a 0.5a 3.6a 

litter 7.3b 0.6a 0.3a 7.1a 0.6a 2.98 

1991 Cultivated 19.2a 1.111 0 33.3a 0.6a 4.38 

Uncultivated 9.78 0.68 0 26.38 0048 1.7b 

Furrow 43.30 1.1 a 0 23.00 0.8a 2048 

Gravel 0.5b 1.2a 0 7.0b 0.3a 4.5a 

litter 0.6b 0.6a 0 LOb 0.6a 2.1a 

'Means within tI column end yeer followed by a different letter are significantly different (P :s 0.051. by the Tukey studentized range test. 

-.....J 
01 
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Table 4. Inflorescences, and desiccation and vigor scores for Arizona cottontop and yellow 

bluestem seedlings for cultivation and surface treatments, 1990. 

Plant variables 

Species Cultivation/surface treatments Inflorescence (no.) Desiccation ronk' Vigor2 

Arizona cottontop Furrow 1.0a3 1.30 3.7a 

Grovel 1.20 1.30 3.70 

Litter 0.7a 1.20 3.90 

Cultivoted 0.7b 1.40 3.6b 

Uncultivoted 1.2a 1.2b 3.9a 

Yellow bluestem Furrow 0.60 1.4a 3.5b 

Grovel 1.7a 1.40 3.70 

Litter 0.20 1.2b 3.90 

Cultivated 1.5a 1.50 3.60 

Uncultivated 0.2b 1.2b 3.80 

1Scored using a 2-class scale with 1 = turgid and 2 = drought stressed (leaf curling, 

desiccation) . 

2Scored using a scale from 1 to 5 with 1 = 2.5 cm or smaller, 2 

7.5 cm, 4 = 7.6-10.0 cm, and 5 = 10.1-12.5 cm. 

2.6-5.0 cm, 3 = 5.1-

3Means within a soil or surface treatment and column followed by a different letter are 

significantly different (P ~ 0.05), by the Tukey studentized range test. 



Table 5. Mean forage and inflorescence production of l-year old Arizona cottontop seedlings per O.l-m row for 3 surface treatments, 

in southern Arizona. 

Plant variables 

Soil/surface treatment Inflorescences Fresh wt.!plant Dry wt.!plant Fresh wt.!plot Dry wt.!plot 

(no.) (g) (g) (g) (g) 

Cultivated 15.2a1 l.4a 0.7a 74.5a 3S.3a 

Uncultivated 19.4a 1.3a O.Sa 66.6a 45.Sa 

Furrow 13.5b 1.3a 0.7a 45.6b 29.3b 

Gravel 13.2b 1.3a 0.7a 59.7b 36.5b 

Litter 25.3a l.4a O.Sa 106.3a 60.3a 

lMeans within a column followed by a different letter are significantly different (P ~ 0.05), by the Tukey studentized range test. 
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Fig. 1. Daily precipitation (mm) for 1 July to 10 September 1990 and 1991, 

at the Santa Rita Experimental Range in southern Arizona. 
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III. EFfECTS OF RAINFALL DISTRIBUTION ON SEEDLING EMERGENCE 

OF THREE NATIVE GRASSES IN SOUTHERN ARIZONA 

ABSTRACT 
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Interpretation of conditions that trigger germination and subsequent 

persistence of native plant species under natural conditions in the arid 

southwestern U.S. can be difficult due to erratic rainfall distribution. This 

study was conducted to determine seed fate under various rainfall 

distributions. Effects of summer rainfall on germination and emergence of 

sown seeds of Arizona cottontop [Digitaria californica (Benth.) Chase], bush 

muhly (Muhlenbergia porteri Scribn.) and plains lovegrass (Eragrostis 

intermedia Hitchc.) were investigated at the Santa Rita Experimental Range, 

south of Tucson, Arizona using 2 seed retrieval methods. The unbagged 

method involved sowing seed on 2 dates and retrieving seed on 3 dates 

from marked field plots. The bagged method involved sowing and retrieving 

bagged seed once. Arizona cottontop showed greater field emergence for 

un bagged seed sown in late June compared to that sown in late July. Field 

emergence of Arizona cottontop followed precipitation in early July and the 

first unbagged retrieved date was before a notable dry period. Excavated 

Arizona cottontop seedlings from the last 2 unbagged retrievals after 

significant dry periods appeared desiccated. Plains lovegrass and bush 
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muhly were difficult to identify visually and appeared to have low emergence 

and germination for all sowing and retrieval dates using the unbagged 

retrieval method. The bagged retrieval method initiated in early September 

indicated that excavated Arizona cottontop and bush muhly seedlings 

germinated after at least 3 days of available moisture. Plains lovegrass and 

bush muhly seed were easily identified using bagged retrieval methods. 

Plains lovegrass seeds did not germinate in the field but retrieved seeds had 

83% germination under growth chamber conditions. Lack of field 

emergence of plains lovegrass may be due to a light requirement for breaking 

dormancy since seeds were lightly covered with soil under field conditions. 

Seed retrieval methods helped identify environmental conditions influencing 

fate of Arizona cottontop, plains lovegrass, and bush muhly seed. 
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INTRODUCTION 

In arid environments, available soil moisture is one of the most limiting 

factors for seed germination and seedling establishment. Researchers have 

suggested that the total amount and seasonal distribution of summer rainfall 

needed for perennial grasses to germinate and establish occurs in about 1 in 

10 years ir,1 the southwestern U.S. (Cox and Jordan 1983, Frasier et al. 

1985). Variation in rainfall patterns during the growing season dictates 

which species become established for a particular year (Beatley 1974, Cox 

1984). Many seeds may fail to germinate under such erratic rainfall 

patterns, while others germinate but do not survive due to inadequate 

moisture or extremely high soil temperatures, or resource competition (Cox 

et al. 1982, Sosebee and Herbel 1969). Indeed, Cox et al. (1982) stated 

that failure to establish perennial grasses in semiarid regions has often been 

attributed to interference for soil moisture from non-seeded annual and 

perennial plants. 

Depending on the frequency and amount of rainfall, the rate at which a 

species germinates may increase or decrease it's chances of establishment 

compared to other species. For example, Simanton and Jordan (1986) 

noted that rapidly-germinating species such as sideoats grama [Bouteloua 

Gurtipendula (Michx.) Torr.] could be at a disadvantage for establishment if 

rainfall was insufficient to wet subsurface soil zones; seeds would 
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germinate but roots would grow into dry soil. Under such conditions, a 

slower-germinating species would possibly lose only a small portion of its 

viable seed (Frazier et al. 1985). Tapia and Schmutz (1971) suggested that 

plains bristlegrass (Setaria macrostachya H.B.K.) and Arizona cottontop 

[Digitaria californica (Benth.) Chase] require 6 to 9 days of good moisture 

(high soil water potential) to germinate, a rainfall duration the authors 

considered to be rare in the arid Southwest. Lengths of available moisture 

required for germination and emergence may vary for different species, sites 

and environmental conditions. Frasier et al. (1985, 1986) suggested that 

perennial grasses found in the southwestern U.S. need continuous soil 

moisture for 3 to 5 days to ensure germination, and that additional moisture 

within 7 days of germination is necessary to ensure establishment. 

The unpredictable rainfall experienced in the arid southwestern U.S. has 

historically led to scattered establishment and inconclusive clarification of 

the conditions that trigger germination and subsequent persistence of 

particular native species under natural conditions. Observation of emergence 

of a sown species during the growing season is one measurement used for 

determining response of a species to natural rainfall patterns. However, 

such measurements provide only information on a species' response to one 

combination of site conditions for that particular season. These 

measurements also do not explain why certain species are successful unless 



86 

soil moisture and temperatures are quantified and related to germination and 

seedling growth responses (Roundy 1992). Such studies need to be 

repeated over several environments and years to gain a more accurate 

understanding of the conditions that stimulate germination and emergence. 

In some cases, existing vegetation may be removed and soil disturbed to 

release enforced dormancy (Harper 1957), and innate or induced dormancy 

may be overcome by seed exposure to light or enhanced fluctuation of soil 

temperatures. Simanton and Jordan (1986) suggested that some plants in 

semiarid areas appear to increase their chance of surviving by having a 

portion of their seed bank remain dormant to be available for germination 

during subsequent wet periods. Consequently, accurate determination of 

seed viability is still difficult by measuring emergence alone without prior 

knowledge of seed bank components. 

An alternative to measuring emergence in the field involves using seed 

retrieval methods alone or concurrently with emergence studies under 

natural conditions. For instance, sowing and retrieving seed at various 

periods during one growing season would provide an efficient method for 

evaluating a species' response to the various conditions of an unpredictable 

environment. 

Determining the most effective method for retrieving sown seeds from 

a rangeland site is highly dependent on seed and environmental parameters. 
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For example, small seeds may be difficult to identify following retrieval and 

predation, or site conditions can lead to high seed loss prior to retrieval. 

One common retrieval method involves placing retrieved soil samples into a 

shallow container, keeping it moist, and identifying and recording emerged 

species (Gross 1990, Houle and Payette 1991, Roberts 1981). Samples in 

these cases are kept under conditions thought to promote germination of 

species of interest. However, if such conditions are unknown or do not 

stimulate germination, non-emerged seeds are not identified and may be 

erroneously measured as non-viable. If possible, separation of seeds from 

the soil components is preferred to allow visual assessment of seeds 

following retrieval. 

The purpose of this study was to investigate the use of seed retrieval 

methods for evaluating responses of Arizona cottontop [Digitaria californica 

(Benth.) Chase], bush muhly (Muhlenbergia porteri Scribn.) and plains 

lovegrass (Eragrostis intermedia Hitchc.) seed under various field conditions 

in southern Arizona in an attempt to better understand seed responses to 

summer rainfall distribution. Seed was sown on 2 different dates during the 

same growing season and retrieved in 1991 at various intervals to determine 

if germination and emergence had occurred during these periods, and if 

remaining seeds were still germinable under growth chamber conditions. 
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MATERIALS AND METHODS 

Seeds of Arizona cottontop, bush muhly, and plains lovegrass were 

sown in plots inside an exclosure existing since 1984 at the Santa Rita 

Experimental Range, 60 km south of Tucson, Arizona (elevation 1380 m) 

and retrieved on several dates for evaluation of seed germinability and 

possible seedling development following exposure to natural rainfall. The 

site is situated on an alluvial fan with 5% maxiumum slope. It has Tanque 

soil Series (coarse-loamy, mixed, thermic, Typic Torrifluvent) and is 

classified as a sandy loam upland range site in the 30-40 cm precipitation 

zone (SCS 1980). Precipitation is bimodal, with approximately 60% of the 

precipitation falling between July and September and the remaining 40% 

falling between December and March. Annual temperatures range from 0°_ 

40°C. 

The area surrounding the exclosure supports a Chihuahuan semidesert 

grassland (Jordan 1981), with the overstory consisting primarily of velvet 

mesquite (Prosopis ve/utina Wooton.). Understory species include 

burroweed [Happ/opappus tenuisectus (Green) Blake], prickly pear and cholla 

(Opuntia spp.), Lehmann lovegrass (Eragrostis /ehmanniana Nees.), three

awn species (Aristida spp.), Arizona cottontop, black grama (Boute/oua 

eriopoda Torr.), slender grama [8. filiformis (Fourn.) Griff.], and sprucetop 

grama [B. chondrosiodes (H.B.K.) Benth.] (Martin 1966). 



Unbagged retrieval method 

Plots consisted of 25 cm2 uncultivated areas with no existing 

vegetation. Plot perimeters were marked with a nail in each corner and a 

small stake identifying each plot number. Nearby vegetation was sprayed 

with glyphosate (N-[phosphonomethyl] glycine; Roundup) and clipped to 

approximately 1 cm. Prior to sowing, bush muhly and plains lovegrass 

seeds were sprayed with white paint to aid in seed identification after 

retrieval from field plots (germination tests on sprayed and non-sprayed 

seeds indicated no significant differences in percent germination between 

the 2 treatments). 
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Seeds were sown in shallow (5-mm deep) rows and covered with soil 

on 2 dates and retrieved on 3 dates. Treatments had 25 pure live seed per 

plot (replicate) and 4 replicates arranged in a split-split plot design. Main 

plot factors were sowing dates (n = 2), split-plot factors were species (n = 3), 

and split-split plot factors were retrieval dates (n = 3). 

The first sowing (21 June 1991) was done prior to the first summer 

precipitation and the second sowing was done in the middle of the rainy 

season when rains are generally more consistent (28 July 1991). The 3 

retrieval dates were: 11 July, 28 August, and 10 September 1991. On each 

retrieval date, plots were dug to approximately 2-cm deep using a garden 

trowel to ensure retrieval of all soil and plant material in the plot. Samples 
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were transported to the laboratory in a refrigerated, sealed plastic bag and 

evaluated the same day excavated. Retrieved material was sifted through 

and captured in U.S. Standard no. 60 sieve series, and placed on hydrated 

No.2 Whatman filter paper in 9-cm diameter petri dishes. Two ml of 

distilled water was used to hydrate the filter paper. Dishes were placed in a 

clear, sealed plastic bag to maintain high relative humidity. Additional water 

was added to petri dishes when needed. Seeds were exposed to 

temperature regimes known to induce germination of these 3 grasses (20°C 

[16 h] and 35°C [8 h]) for a maximum length of 14 days (Chirco and Turner 

1986). Stored seeds from the same lots that were seeded were 

concurrently tested for germination. Variables recorded for each plot were: 

1) number of field-emerged or germinated seedlings (upon excavation), and 

2) germinable and non-germinable seeds as determined under growth 

chamber conditions. 

Bagged retrieval method 

A second retrieval experiment was conducted due to the difficulty in 

retrieving the 2 small-seeded species, bush muhly and plains lovegrass, 

using the unbagged method described previously. Results using unbagged 

retrieval method indicated that painted seed was visible after retrieval from 

soil 1-2 days after sowing. However, the majority of bush muhly and plains 

lovegrass seed retrieved from field plots after more than 2 days in the soil 
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were not easily separated or distinguished from soil particles. Therefore, 

method and time of retrieval were modified. Seeds were placed in small, 

nylon mesh bags (1 cm2
) fastened with wire ties. Bags were placed just 

below the soil surface by creating a slight depression and covered lightly 

with soil. These bags were placed in the field (at the site described in 

previous section) on 2 September 1991 during a period of precipitation (Fig. 

1 a). Bags were retrieved 8 days after sowing during which time moisture 

was available (Fig. 1 b). This date was chosen in an attempt to capture any 

seed development prior to possible seed desiccation. This procedure was 

contrary to the unbagged retrieval methods, where retrieval dates were after 

onset of dry periods when emergence of some seedlings in plots was 

anticipated. 

Number of field-emerged or germinated seedlings (upon excavation), 

and germinable and non-germinable seeds (following growth chamber study) 

were determined. Seeds were exposed to growth chamber conditions 

described for the unbagged retrieval method to determine germinability. 

Measurement of seedbed environment 

Soil water content was read every minute and 3D-minute' averages 

were recorded using Campbell CR-1 D microloggers and AM-32 multiplexers 

at a plot approximately 8 m from the seed retrieval plots. Precipitation 

intensity and amount were recorded with a tipping bucket rain gauge. These 
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variables were recorded beginning 1 July 1990. Soil water content was 

measured with fiberglass soil cells (Colman and Hendrix 1949) calibrated in 

undisturbed soil cores from the field site. Cells were buried at intervals of 1-

3, 4-6, 8-10, 12-14, and 18-20 cm on bare, litter-covered and gravel

covered seedbeds for 3 replications. Soil water content was related to 

matric potential and soil water availability using a moisture release curve 

developed using a pressure plate. 

Data analysis 

Shapiro-Wilk tests (Shapiro and Wilk 1965) for normality of emergence 

and germination data indicated significant deviations from normal 

distributions. Therefore, an analysis of variance using ranked data was done 

followed by a Tukey multiple range test to determine significance. This 

procedure is equivalent to a Friedman (1937) 2-way analysis for block 

designs (Conover 1980). Throughout, P = 0.05 was used to define 

statistical significance. 



RESULTS AND DISCUSSION 

Unbagged retrieval method 
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Analysis of variance indicated no significant interactions among 

retrieval dates, species, and sowing dates for the first seed retrieval study. 

Therefore, results are presented for means of retrieval and sowing dates 

across species and for each species. 

Retrieval dates 

The first retrieval date, 11 July, had significantly greater field 

germination than the 2 remaining dates (Table 1). There was consistent 

rainfall for 3 days and moisture was available (matric potential> -1.5 MPa) 

at 1-3 cm for approximately 7 days (Fig. 1 a-b) prior to this date that 

probably stimulated germination of some Arizona cottontop seed. 

Furthermore, the first retrieval date was before the first significant dry period 

(Fig. 1 b). Arizona cottontop seedlings from both sowing dates that 

remained in the field appeared desiccated upon excavation for the last 2 

retrieval dates (Table 1). These seedlings probably died during dry periods in 

July and August. An earlier date for the second retrieval may have revealed 

more information on germination since so many of the seeds appeared to 

have already germinated. Bush muhly and plains lovegrass seed were not 

distinguishable from soil particles in the samples. Therefore, it was difficult 

to determine if seed had germinated and subsequently desiccated or 



remained dormant. 

Sowing dates 
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The first sowing date, 21 June, had greater field emergence than the 

second date, 28 July (Table 1) due to the first retrieval date having such a 

large number of Arizona cottontop emerge. However, overall both dates had 

similar losses of seed later in the season. It appeared that the majority of 

the seeds from both sowing dates would have died if they had remained in 

the field until the final retrieval date. Longer durations of rainfall in July may 

have provided more dramatic differences between the 2 sowing dates. 

These results suggest that few Arizona cottontop seedlings survived due to 

the lack of long-duration rainfall in July and early August to allow seedlings 

to establish. Furthermore, the unbagged retrieval method for seed retrieval 

was more appropriate for larger seeds that could be easily identified from 

other seed and separated from soil components. Fate of smaller, 

unidentified seeds was not adequately assessed using this method. For 

example, it was undetermined whether seeds sown in the field had been lost 

due to predation or water erosion, or desiccated or remained dormant. 

However, the advantage of this method is that it does not interfere with the 

seed and soil interface under natural conditions. 

Bagged retrieval method 

Following sowing on 2 September 1991, Arizona cottontop had 
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average germination of 44% and bush muhly had average germination of 

41 % in bags that were excavated on 10 September 1991 (Table 2). Roots 

at this stage were approximately 10 mm long for bush muhly and Arizona 

cottontop seedlings. The remaining seeds did not germinate once exposed 

to conditions in the growth chamber. This may have been due to a variety 

of factors. For example, conditions may not have been uniformly optimal for 

germination of all seeds placed in bags. Alternatively, some seeds may have 

lost their germinability or already germinated and desiccated prior to 

excavation. Location within the bag may also have influenced whether 

seeds were sufficiently imbibed for germination and seedling development. 

Furthermore, calculating pure live seed values under growth chamber 

conditions does not insure that the computed number of seeds will 

germinate under field conditions. These results support the notion that there 

are many variables influencing germination and establishment in the field 

that may be difficult to characterize and simulate in controlled environments. 

Plains lovegrass, on the other hand, exhibited no apparent germination 

at excavation but had an average germination of 83% following exposure to 

growth chamber conditions (Table 2). Lacl< of germination of plains 

lovegrass under consistent moisture in the field may be due to burial of 

seeds. Other studies have suggested that Lehmann lovegrass (Eragrostis 

lehmanniana Nees.) seeds have a light requirement for germination (Roundy 
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et al. 1992a). 

This method allowed more accurate identification and assessment of 

fate of small-seeded species than the unbagged retrieval method. However I 

the seed and soil interface is altered using the bagged retrieval method. 
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CONCLUSIONS 

Results of these studies indicate that simple seed retrieval methods can 

be effective for evaluating seed development under natural conditions for all 

3 study species. Both unbagged and bagged retrieval methods were 

effective for determining the responses of Arizona cottontop seed whereas 

only the bagged method was useful for studying the fate of bush muhly and 

plains lovegrass seed. Unbagged retrieval methods indicated that Arizona 

cottontop germinated during short-duration precipitation and subsequently 

desiccated during a prolonged dry period. Bagged methods demonstrated 

germination of Arizona cottontop as well as bush muhly during a period of 

available moisture in September. Excavated plains lovegrass seed 

germinated following exposure to growth chamber conditions, indicating 

field conditions did not elicit germination of this species. Additional studies 

are necessary to determine factors such as light or temperature fluctuations 

that may be required for germination of plains lovegrass. 

Concurrent use of retrieval methods and emergence studies under field 

conditions would provide researchers with more accurate interpretations 

about the effects of natural climatic conditions on seed germination and 

emergence. Frequent monitoring of rainfall distribution of study sites 

enables retrieval of seed when soil moisture has been available and 

immediately following significant dry periods to determine emergence and 
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germinability of sown seeds under various field conditions. Furthermore, 

results from bagged methods where soil-seed interface is altered could be 

directly compared to emergence measurements of a coinciding field study to 

determine possible effects of retrieval methods on seed responses. 

Determination of seed dormancy, germination and possible seedling 

desiccation in response to rainfall patterns could aid in predicting the best 

species and conditions for establishing grasses in the arid southwestern U.S. 



Table 1. Field emergence and remaining seedbank germinability of 3 native grasses sown 2 dates 

using an unbagged seed retrieval method for 3 retrieval dates in southern Arizona. 

Sowing Retrieval Species Mean 

dates dates 

Arizona cottontop Plains lovegrass Bush muhly 

---------.... _------- Emergence (%) I Germination (%) --------------------

21 June 11 July fj9a' I 5a 1a I Oa 1 a I 15a 24a I 7a 

28 August 7b lOb Oa I Oa 1a I Ob 3b lOb 

10 September 5b I Ob Oa I Oa Oa I Ob Ob lOb 

28 July 28 August Oa I 1a Oa I Oa Oa I Oa Oa lOa 

10 September Oa I Oa Oa I Oa Oa I Oa Oa lOa 
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, Means within a column and sowing date followed by the different letters are significantly different (P 

:s 0.05) by the Tukey studentized range test. 

Table 2. Field germination and remaining seed bank germinability of 3 native grasses sown 2 

September and retrieved 10 September 1991 using a bagged retrieval method in southern Arizona. 

Arizona cottontop Plains lovegrass Bush muhly 

----------------------Emergence (%) I Germination (%) ----------------------

44 b lOb o a I 83 a 41 b lOb 

, Means of a given variable followed by a different letter are significantly different (P :s 0.05) by the 

Tukey studentized range test. 
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IV. ASSOCIATION OF OVERSTORY PLANT CANOPIES 

AND NATIVIE GRASSES IN SOUTHERN ARIZONA 

ABSTRACT 
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Canopies of overstory species in hot, arid environments may affect 

establishment of understory plants by altering microclimate conditions such 

as soil moisture and temperatures. This research was conducted to 

determine whether 3 native grasses, Arizona cottontop [Digitaria californica 

(Benth.) Chase], plains lovegrass (Eragrostis intermedia Hitchc.), and bush 

muhly (MuhlenbergiC! porteri Scribn.), and other herbaceous understory 

species have greater density and cover under overstory species compared to 

open areas. Seven sites in southern Arizona were selected and each site 

had an abundant stand of at least one of the 3 grasses studied. Density and 

cover of canopied and open areas were compared among sites by calculating 

ratios of total species in open areas/total species under canopies. 

Spearman's rank correlations between density and cover and annual rainfall 

and elevation were also calculated. Arizona cottontop had either 

significantly (P ~ 0.05) greater, less, or similar density under canopies 

compared to open areas. Cover of Arizona cottontop was significantly (P ~ 

0.05) greater or similar among canopied and open areas. Plains lovegrass 

had significantly (P ~ 0.05) lower density and cover under velvet mesquite 
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(Prosopis velutina Wooton.) than in open areas at one site, and no significant 

(P > 0.05) differences in density and cover among canopied and open areas 

at a higher elevation site. Bush muhly had consistent trends across sites 

with greater density and cover under canopies for all sites. No significant 

(P > 0.05) correlations were noted between rainfall and density and cover, 

or elevation and cover and density. Generally, species had greater density 

and cover under canopies in lower elevation and grazed sites. Species 

composition at a site seems to influence whether total species density and 

cover was greater under canopies than open areas. 
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INTRODUCTION 

Much research has shown that water stress in the seedling stage may 

be the most important factor affecting establishment and that soil water 

availability generally controls plant growth in desert environments (Franco 

and Nobel 1988, Jordan and Nobel 1979). Seed germination of warm

season species may occur following summer rainstorms, but soil drying after 

germination is often fatal for young seedlings. High solar irradiance and dry 

periods during the summer months also create high soil surface temperatures 

that may in themselves kill seedlings (Turner et al. 1966). These factors 

may be ameliorated by the presence of an overstory species, sometimes 

termed a nurse plant (an existing adult plant growing adjacent to a 

seedling)(Nobel 1989, Parker 1987, Turner et al. 1966, Welsh and Beck 

1976). For example, Parker (1987) noted the importance of nurse plants 

and rocks for protecting saguaro (Carnegiea gigantea Engelm.) from drought 

stress. But while offering protection during dry periods, nurse plants can be 

strong competitors for soil water with the associated species (Wright and 

Mooney 1965). Nobel (1989) calculated reduced water uptake of an agave 

(Agave deserti Engelm.) seedling in the presence of big galleta (Hilaria rigida 

Thurb.) using a model of water uptake. Franco and Nobel (1988) also noted 

that competition for water and light from nurse plants greatly reduces the 

growth of the associated seedlings compared with seedlings in open areas. 
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However, researchers in western Nevada observed that encroachment of 

singleleaf pinyon (Pinus monophylla Torr. & Frem.) in sagebrush (Artemisia 

tridentata Nutt.) communities may be heightened by the efficient use of 

limited water resources by pinyon seedlings (Drivas and Everett 1988). The 

conifer seedlings appeared to be more sensitive to water stress than 

sagebrush, and had a more efficient means for controlling of water use 

during drought conditions. 

Other studies have demonstrated the moderating effect that nurse 

plants may have on soil surface temperatures (Despain 1974, Holland 1973, 

Nobel 1980, Parker and Muller 1982). Soil temperatures on an open desert 

surface can exceed 65°C--temperatures that may be fatal to young seedlings 

regardless of soil moisture status (Jordan and Nobel 1979, Nobel 1989, 

Turner et al. 1966). Turner et al. (1966) stated that the greatest loss of 

saguaro seedlings occurred during the dry, hot period just before the 

beginning of the summer rains in July. Nobel (1989) compared soil 

temperatures of open areas to that beneath big galleta, a perennial grass 

that serves as a nurse plant for Agave deserti Engelm. and Ferocactus 

acanthodes (Lemaire) Britt. & Rose in the northwestern Sonoran Desert. 

Maximum soil temperatures 2 cm beneath bare ground were predicted to 

exceed 65°C whereas shade from big galleta reduced the maximum surface 

temperatures by over 10°C, providing a microhabitat presumably more 
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suitable for seedling establishment. These soil temperature differences also 

appeared to affect root distribution of mature plants; only 9% of the roots 

of adult A. deserti and F. acanthodes in exposed areas occurred shallower 

than 5 cm and very few occurred on the upper 3 cm, except directly under 

shoots of big galleta (Jordan and Nobel 1984, Hunt and Nobel 1987). 

Lower daytime soil surface temperatures under the nurse plant big 

galleta were also noted by other researchers (Franco and Nobel 1988, 

Jordan and Nobel 1979). Franco and Nobel (1988) showed that soil 

temperatures were 14°C lower adjacent to the crown and 23°C lower on the 

north side of big galleta compared to an exposed site, and that seedlings 

were generally located near the crown or on the north side of big galleta. 

Jordan and Nobel (1979) further stated that although water uptake by the 

nurse plants must be considered, lower temperatures in shaded 

microhabitats likely lead to greater retention of soil moisture and hence an 

extension of the growing season, and modulate the effects of competition. 

Nobel (1980) also noted the warming effect overstory plants have on 

saguaro microclimates. By blocking net infrared radiation loss to the night 

sky, temperatures can be raised more than 1 DoC under nurse plants thereby 

protecting young saguaros from freezing. 

The structure of overstory plants may also promote seedling 

establishment by trapping seeds, reducing wind and water erosion, and 
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modifying litter and soil nutrients (Barkman 1988, Callaway et a!. 1991, 

Ebersohn and Lucas 1965, Frost and Edinger 1991, Holland 1968 & 1973, 

Idaho Extension Service 1961, Vallentine 1989, Wood and del Moral 1986). 

Phosphorus and nitrogen may be more concentrated under nurse plant 

canopies than surrounding bare soil because canopies may capture and 

accumulate organic debris (Charley and West 1975, Garcia-Moya and McKell 

1970, Tiedemann and Klemmendson 1973, Muller 1953). Franco and Nobel 

(1988) stated that increased soil nitrogen may offset interspecific 

competition for soil water induced by nurse plants in desert ecosystems. 

They found that soil nitrogen under the canopy of big galleta was 60% 

higher than in exposed locations. Nobel (1989) also measured levels of 

sodium, phosphorus, potassium, and nitrogen under big galleta and found 

that higher soil nitrogen and potassium levels and lower phosphorus and 

sodium levels occurred under this nurse plant. He believed that the high 

levels of nitrogen under nurse plants reflected uptake of nitrogen by roots 

over a wide soil area followed by nutrient deposition under the canopy from 

litter fall. Accumulation of debris near nurse plants was also due to reduced 

wind speed and localization of fecal deposition of nitrogen (Nobel 1989). 

Nobel stated that predicted enhancement of growth of A. deserti and F. 

acanthodes under big galleta compared to that on exposed ground was 

mostly due to the extra soil nitrogen (Nobel 1989). 
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While nitrogen may be greatly increased under some canopies it is also 

possible to have increased levels of potentially toxic elements near overstory 

plant~ (Charley and West 1975, Glendening and Pase 1964). Muller (1953) 

noted that brittlebush (En celia farinosa Gray.) did not serve as an effective 

nurse plant whereas Franseria dumosa Gray. growing in the same 

community was a nurse plant for several species. It was found that 

brittlebush produces allelopathic compounds that inhibit seedling germination 

(Muller 1953). Researchers studying litter under Pringle manzanita 

(Arctostaphylos pringlei Parry) shrubs found increased germination levels 

when litter was removed from the soil surface under the plant canopy 

(Glendening and Pase 1964). Fowler (1988) also noted negative effects of 

litter on 2 native grasses in Texas. This may have been due to pathogens 

being harbored during conditions of high soil moisture and soil surface 

humidity. These explanations may not be applicable in more arid climates 

where increased germination has been associated with litter (Evans and 

Young 1970). 

Under certain conditions, the benefits overstory plants provide small 

seedlings apparently outweigh any negative effects of competition between 

the nurse plant and seedlings for soil moisture under these conditions 

(Jordan and Nobel 1979, Nobel 1989, Wood and del Moral 1986). Past 

research indicates that usefulness of nurse plants for seedling establishment 
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varies greatly among species and site conditions. In areas where soil 

moisture is generally higher, tree canopies may be more lush and understory 

herbaceous growth is reduced due to denser shade or soil pathogens present 

in moist litter under canopies (Fowler 1988, Frost and McDougald 1989). 

Open grasslands have higher herbaceous cover in these areas than canopied 

areas. However, Callaway et al. (1991) noted that blue oak (Quercus 

doug/asii H. and A.) trees on the same site can have a positive or negative 

influence on understory production. They found that below ground 

competition from shallow roots of blue oak led to lower production whereas 

elevated nutrients under some deeper-rooted trees led to increased 

production compared to adjacent open areas. 

In arid regions, some species are found almost exclusively under 

canopies (Franco and Nobel 1988). In general, it appears that in these 

regions establishment is more critical than maximum growth (Franco and 

Nobel 1988). On the other hand, some species protected by canopies 

appear to become more aggressive after establishment, and growth of the 

nurse plant may decline. Indeed, Almeida and Donart (1980) suggested that 

a symbiotic relationship may exist between bush muhly and the nurse plant 

creosotebush (Larrea tridentata Coville), while others have observed loss of 

lower leaves and eventual death of creosotebush branches as bush muhly 

matures (Welsh and Beck 1976). 
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Reseeding under canopies may enhance seedling establishment of 

desirable forage species in certain environments. Several authors have 

reported that grass growth was greater under canopies than adjacent open 

grasslands (Lowry et al. 1988, Lowry 1989, Wilson et al. 1990.) Wilson et 

al. (1990) reported that growth of bahiagrass (Paspalum notatum Fluegge) 

over a summer was 35 % greater under Eucalyptus grandis (W. Hill) ex. 

Maiden than in areas with full sun. However, in winter when tree canopies 

were more dense, yield under trees and in full sun was similar. The authors 

suggested a link between effects of shade on nitrogen availability, periods of 

available moisture, and positive growth response of bahiagrass. It was 

further stated that many of the observed overstory species that encourage 

understory grass growth are Leguminous trees, suggesting greater soil 

fertility under species of this family compared to other overstory plants 

(Wilson et al. 1990). However, other studies have shown that woody 

species discouraged understory growth and subsequent invasion of a weedy 

understory species (Amor and Piggin 1977). 

Some researchers have identified nurse plants by recording understory 

species that consistently associate with particular overstory species 

(Almeida and Donart 1980, Haque et al. 1991, Turner et al. 1966, \Nelsh 

and Beck 1976). For example, Haque et al. (1991) studied the impact of 

mesquite on bush muhly and found that this species was more abundant and 
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vigorous under mesquite canopies than in the open. Identifying overstory 

species that are associated with desirable understory forage species may aid 

land managers and researchers in recognizing potential microsites for less 

aggressive species that may not accept a wide range of conditions or sites 

for establishment. 

The objectives of this research were to: 1) determine whether 3 native 

grasses, Arizona cottontop, plains lovegrass, and bush muhly, and other 

herbaceous understory species have greater association with the dominant 

overstory species than open areas of various sites in southern Arizona and 

2) whether variability in density and cover under canopies among sites is 

related to an environmental gradient such as rainfall or elevation. 
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MATERIALS AND METHODS 

Data were collected at 7 sites in southern Arizona previously selected 

for seed collection of Arizona cottontop, bush muhly, and plains lovegrass 

(as advised by Dan Robinette, District Range Conservationist, Soil 

Conservation Service, Tucson, Arizona)(Chapter one). Each site has a 

relatively abundant stand of at least one of these Arizona native grasses. 

An area of approximately 1 ha represented the experimental plot at each 

site. 

Site description 

Two sites with natural stands of Arizona cottontop were included in 

this study. The first site was Diamond Bell (Diamond Bell Ranch) between 

Sasabe and Tucson, Arizona (31°75'N, 11 0020'W), and the second site was 

an area on the Santa Rita (Santa Rita Experimental Range), near Green 

Valley, Arizona (31°48'N, 11 0050'W)(Table 1). Buenos Aires (Buenos Aires 

National Wildlife Refuge) near Sasabe, Arizona (31035'N, 111 o32'W), and 

Fort Huachuca (Fort Huachuca Military Reservation) in southeastern Arizona 

(31°34'N, 11°20'W) were the 2 sites selected for plains lovegrass (Table 1). 

Organ Pipe (north of Organ Pipe National Monument) near Ajo (32°12'N, 

112°52'W), Arizona, San Xavier (west of San Xavier Indian Reservation), in 

southwest of Tucson (32°05'N, 111 °13'W), and Falcon Valley Ranch north 

of Tucson (11 0057'N, 32°42'W) were the 3 bush muhly sites (Table 1). 
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Data collection 

Percent cover was measured for each site to determine dominant 

species. The line-intercept method (Canfield 1941) was used for this 

estimate for 5 randomly-chosen, parallel 100 m-Iong transects. A mean 

value was calculated for each species using data from the 5 line intercepts, 

representing replications, to determine percent cover and dominant overstory 

species of each site. 

Plants of dominant overstory species were randomly selected for 

understory sampling using randomly-generated coordinates within each site. 

Herbaceous species density was measured and percent foliar cover 

estimated in 0.25 m2 quadrats placed under the dominant 2 overstory 

species except at Santa Rita and Buenos Aires, which had only one 

dominant overstory species, and in an open area adjacent (approximately 6 

m) but not under overstory canopies. Quadrats were placed approximately 

one-third crown-width from the center of overstory species and 4 sub

samples were taken in the cardinal directions. The 4 sub-samples were 

combined for a mean value for each individual. Twenty overstory species 

and open areas were sampled at each site, except for locations where the 

total number of individuals per treatment was less than 20. In this situation, 

all individuals of the dominant overstory were sampled in a site. Fort 

Huachuca had 15 replicates/treatment sampled due to low number of 
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overstory individuals. 

Cover and density data were tested for normality using the Shapiro

Wilk test (Shapiro and Wilk 1965) and ranked data were used in analyses of 

variance due to non-normality of data distributions. Means were separated 

with the Tukey studentized range test. This procedure is equivalent to a 

Kruskal-Wallis k-sample test for 1-way analysis applied to ranks (Quade 

1966). Canopied and open areas among sites were compared by calculating 

a ratio of total value in open areas/total value under canopies for density and 

cover measurements. A ratio of 1.0 would indicate an equal number of 

plants in open and understory areas. Analysis of variance was performed on 

ratios and mean separations were done using Tukey studentized range test. 

Spearman's rank correlation coefficients were also calculated to determine 

whether rainfall and elevation gradients were correlated with density and 

cover ratios of sites. Throughout, P = 0.05 was used to define statistical 

significance. 

Measured species with a mean density greater than 1/0.25 m2 or with 

significant differences among treatments were included in results and tables. 

Other site species are referenced in the appendix, except for the Santa Rita 

site which had only Bothriochloa barbinodis Lag. not included in a table. 
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RESULTS AND DISCUSSION 

Arizona cottontop sites 

Density of Arizona cottontop was less under canopies compared to 

open areas, whereas cover was similar for all areas at Diamond Bell, 

elevation 945 m (Table 2). Many small seedlings were observed in open 

areas which may explain the greater density, but not cover, in these areas. 

Arizona cottontop was the dominant herbaceous species at this site with 

only threeawns (Aristida spp.) having a density greater than 1 plant/0.25-m2 

quadrat. The range of mean density of Arizona cottontop under dominant 

overstory canopies was nearly 5 times greater, 5-11 plants/quadrat, at 

Diamond Bell compared to Santa Rita which had 1-2 plants per quadrat. The 

Diamond Bell site has been noted as an excellent site for Arizona cottontop 

(personal communication: Phil Ogden, University of Arizona, and Dan 

Robinette, SCS, Tucson, Arizona). Deep sandy loam soils and lack of 

grazing for more than 20 years at Diamond Bell may partially explain the 

high density of this species at this site. It appears that both open and 

canopied areas are suitable for establishment of Arizona cottontop even 

though microsite factors in each of these areas may differ greatly. 

Arizona cottontop had greater density and cover under canopies 

compared to open areas at the higher elevation Santa Rita site (Table 3). 

Mean cover for all species was also greater under velvet mesquite (Prosopis 
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ve/utina Wooton.) canopies than in open areas at this site. Researchers 

have suggested that increased litter and nitrogen under Leguminous species 

such as mesquite may encourage understory establishment (Haque et a!. 

1991 ). 

Santa Rita had similar density for canopied areas for all herbaceous 

species whereas Diamond Bell had greater density in open areas (Tables 1 

and 2). Cover for all species was greater under mesquite than in open areas 

at Santa Rita. Overall, Santa Rita had significantly lower density and cover 

ratios than Diamond Bell (Table 4). 

Plains lovegrass sites 

Results for Buenos Aires, the low-elevation plains lovegrass site, 

showed greater density and cover of plains lovegrass in open areas 

compared to areas under the dominant overstory, velvet mesquite (Table 5). 

Besides plains lovegrass, only grama species (Boute/oua spp.) exhibited less 

density under a canopy at Buenos Aires. These results corroborate research 

by Tiedemann et al. (1971) exhibiting low tolerance of black grama 

(Boute/oua eriopoda Torr.) to canopy shade. Lehmann lovegrass (Eragrostis 

/ehmanniana Nees.), and Arizona cottontop had similar density for open and 

canopied areas at Buenos Aires (Table 5). However, Arizona cottontop had 

greater cover under velvet mesquite than in open areas. 

Plains lovegrass and sideoats grama [Boute/oua curtipendu/a (Michx.) 
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Torr.] had similar density and cover in open and canopied areas at the higher 

elevation study site, Fort Huachuca (Table 6). Curly mesquite [Hi/aria 

ber/angeri (Steud.) Nash] occurred only in open areas at this site. Total 

density and cover was less under canopies compared to open areas for both 

of these relatively mesic, high elevation sites in southern Arizona (Tables 5 

and 6). These results supported findings by Haworth (1992) indicating 

greater biomass was found in open areas than under canopies in another site 

sampled in the Fort Huachuca area. Cover ratios were also significantly 

greater than the other 5 sites suggesting larger plants are found in exposed 

open areas (Table 4). Density ratios for Fort Huachuca and Buenos Aires 

were greater than all sites except Diamond Bell. 

Bush muhly sites 

Organ Pipe, the low-elevation study site for this species, had higher 

bush muhly density, 2.5 and 2.7 plants/0.25 m2 per quadrat, under the 2 

dominant overstory species, velvet mesquite and creosotebush (Larrea 

tridentata Coville), respectively, compared to a density of 0.1 plantl0.25 m2, 

in open areas (Table 7). Globemallow (Sphaera/cea ambigua Gray.), 

wolfberry (Lycium pallidum Miers.), and creosotebush also exhibited greater 

density under mesquite canopies compared to open areas but did not occur 

under creosotebush canopies at Organ Pipe. Bush muhly had 42% cover 

under creosotebush. It's dominance under creosotebush may have 
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interfered with potential establishment of other species. Total density and 

cover of all herbaceous species were greater under canopies than in open 

areas. In addition, the density and cover ratios, 0.09 and 0.08, were 

significantly lower than the 6 other sites (Table 4). Such low occurrence of 

species in open areas may be due to the low rainfall and high temperatures 

experienced at this site. Other work suggests that understory plants have 

higher establishment under canopies in environments where soil moisture 

may be extended and temperatures may be lower than adjacent open areas 

(Nobel 1989, Parker 1987). 

Bush muhly had 16% and 25% cover under velvet mesquite and blue 

paloverde, respectively, and was not located in any quadrats in open areas 

at San Xavier, the mid-elevation study site for this species (Table 8). 

Arizona cottontop and plains bristlegrass had similar establishment under 

velvet mesquite and in open areas, but had greater density and cover under 

blue paloverde than in open areas. Density for all species was similar under 

canopies and in open areas, whereas cover was significantly greater under 

canopies than in open areas (Table 8). It appears that plants may establish 

in both areas, but tend to flourish more in canopied areas. However, in a 

study done by McPherson and Wright (1990), understory plants were 

etiolated and single-layered indicating that greater cover does not always 

imply greater biomass under canopies. Density ratio, 0.87, was similar to 



Falcon Valley and Santa Rita (Table 4). Cover ratio was similar to Santa 

Rita, Falcon Valley, and Diamond Bell. All of these sites had cover ratios 

less than 1, indicating greater relative cover under canopies. 
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Bush muhly had 17% and 12% cover under velvet mesquite and cholla 

(Opuntia acanthocarpa Lag.) at the high elevation study site, Falcon Valley 

(Table 9). Cane beardgrass (Bothriochloa barbinodis Lag.) had higher density 

and cover in open areas than areas under mesquite. Cane beardgrass 

density and cover under cholla, the other dominant overstory species, was 

similar to open areas. The open canopy structure of cholla may result in 

similar environmental conditions under and in between canopies. Desert 

holly (Perezia nana Gray.) was also more abundant under canopies than in 

open areas for this site. Similar to San Xavier, total density was higher in 

open areas, but cover was significantly greater under canopies (Table 9). 

This site had a high density ratio, largely due to the high number of cane 

beardgrass seedlings present in open areas and under cholla (Table 4). 

Cover ratio was less than 1, suggesting bigger plants under canopies than in 

open areas. 

Bush muhly had greater density and cover under canopies for all 3 sites 

where this species dominated (Tables 6-8). These results corroborate other 

work demonstrating the high occurrence of this species under shrub 

canopies compared to open areas (Welsh & Beck 1976, Haque et al. 1991). 
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The high-elevation bush muhly site, Falcon Valley, had the highest density 

ratio, 1.42, whereas Organ Pipe, the lowest elevation of the bush muhly 

study sites, had the lowest ratios (Table 4). Cover ratios were significantly 

greater for the mid- and high-elevation bush muhly sites than for the Organ 

Pipe site. 

Environmental and management influences 

Spearman-'s correlation coefficients indicated no significant association 

between density ratios and rainfall (ro = 0.71, df = 6, P = 0.07), density 

ratios and elevation (ro = 0.50, df = 6, P = 0.25), cover ratios and rainfall 

(ro = 0.46, df = 6, P = 0.29), and cover ratios and elevation (ro = 0.32, df 

= 6, P = 0.48) across sites. Other site variables such as species 

composition, management, or soils may influence ratios more than rainfall or 

elevation. For instance, Buenos Aires and Fort Huachuca had significantly 

greater cover ratios than all other sites and the dominant understory species 

at both sites were lovegrasses (Table 5 and 6). Plains lovegrass represented 

46% of the mean density of understory species at Fort Huachuca and 

Lehmann and plains lovegrasses represented 56% at Buenos Aires. 

Lehmann lovegrass establishes best in open areas (Sumrall et a!. 1991) and 

has increased germination in light (Roundy et a!. 1992a). Therefore, greater 

ratios in the open may be influenced by microsite preference of the dominant 

understory species. 
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Greater density at Buenos Aires, Fort Huachuca, and Diamond Bell, a 

site dominated by Arizona cottontop, may also be influenced by the absence 

of grazing. Other research done in southern Arizona has suggested that 

livestock preferentially graze under mesquite versus open areas. Understory 

plants may have greater nutrient levels than those in open areas (Tiedemann 

and Klemmendson 1973). Observations in the current study suggested that 

grazing occurred in both open and canopied areas, but grasses under 

canopies were not apparently overgrazed. Perhaps a combination of heavy 

grazing, higher soil temperatures, and less soil moisture and litter in open 

areas are associated with less herbaceous species in open areas than under 

canopies on some grazed sites. 
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CONCLUSIONS 

Data presented here demonstrate that certain understory species are 

associated more with canopied than open areas in southern Arizona. For 

example, bush muhly had consistently greater density and cover under 

canopies than in open areas. This species was most frequently associated 

with velvet mesquite. Furthermore, bush muhly was not found in open 

areas for 3 of 4 sites. This study corroborates previous research suggesting 

association of bush muhly with overstory species (Haque et a!. 1991, Welsh 

and Beck 1976). It is not certain whether greater occurrence of bush muhly 

under canopies is due to greater establishment, or persistence, or both 

compared to open areas. In situations where bush muhly is a desired 

revegetation species, it may be advantageous to re-seed bush muhly under 

mesquite, blue paloverde, and creosotebush canopies or under a layer of 

litter to simulate microsites where this species occurs naturally. However, 

Arizona cottontop and plains lovegrass microsites varied among locations. 

For example, plains lovegrass had either lower density and cover under 

canopies or showed no differences among canopies and open areas whereas 

Arizona cottontop had either greater, less or no differences in density under 

canopied versus open areas. Cover was either greater under canopies or 

similar among canopied and open areas for Arizona cottontop. 

Results also showed that ungrazed sites had greatest density in open 
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areas. Greater fertility and more mesic conditions under canopies might 

increase abilitv of understory plants to tolerate grazing (Tiedemann and 

Klemmedson 1973). Perhaps seeding of native grasses under existing, and 

in particular Leguminous, overstory plants on currently grazed or recently 

ungrazed lands would protect seeds and encourage seedling establishment 

of less aggressive, shade tolerant species. In time, these species may 

increase into open areas as management practices change. 

Previous work has suggested that there are differences in light quality 

and quantity (Haque et al. 1991, Parker 1987), soil surface temperatures 

(Nobel 1989), soil water availability, and nutrient levels (Tiedemann and 

Klemmedson 1973) under canopies compared to adjacent open areas. 

However, results indicate that additional studies need to be done to 

determine why establishment or persistence of certain species is greater 

under canopies compared to open areas. Furthermore, identification of 

understory species that are tolerant or intolerant of shaded microsites 

(Tiedemann et al. 1971) would aid in determining the best utilization of 

overstory canopies for revegetation practices. 



Table 1. Site descriptions for 7 sites where natural stands of either Arizona cottontop, plains lovegrass, or bush muhly occur in 

Arizona. 

location Elevation (m) Precipitation zone (cm) Range site Vegetation type Soil series & family 

Diamond Bell 945 26-36 Sandy loam upland Upper Sonoran desert shrub I Sonoit8 (coarse-loamy. mixed. thermic. 

Chihuahuan semidesert gr8ssland Typic Haplllrgide) 

Santa Rita 1150 30-40 Deep sandy loam Chlhuahuan lemidesert grassland Tanque (coarse-loamy. mixed. thermic, 

Typic Torrifluvent) 

Buenos Aires 1050 30-40 loamy upland. Chihuahuan semidesert grasslend Whitehouse (fine. mixed, thermic, Ustollic 

sandy loamy upland Haplargids) I Caralampi (loamy-skeletal, 

mixed, thermic, Ustollic Haplargids) 

Fort Huachuca 1520 30-40 loamy upland Chuhuahuan semidesert grassland Whitehouse and Bernadino (fine, mixed, 

thermic. Ustollic Haplargids) 

Organ Pipe 511 16-25 Sandy bottom lower Sonoran desert shrub Carrizo (sandy-skeletal, mixed, 

hyperthermic, Typic Torriorthents) 

San Xavier 1020 28-36 Deep sandy 108m Upper Sonoran desert shrub Hayhook (fine-loamy, mixed. thermic, 

TypiC Haplargids) 

Falcon Valley 1200 33-43 loamy upland and Chihuahuen semide.ert grassland Nolan and Hathaway (loamy-skeletal, 

limy slope. mixed, thermic, Aridic Calciustolis) 

..... 
tv 
(,oJ 
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Table 2. Density (no./0.25 m2
) and cover (%) of understory species *, west 

of Diamond Bell Ranch in southern Arizona. 

Species· 

Arizona cottontop 

Threeawn species 

Total species" 

Treatment 

Blue paloverde Velvet mesquite Open 

---------------- Density (no.) I Cover (%) -------------

4.2b I 24.6a+ 5.2b I 15.3a 11.0a I 18.1 a 

1.3a I 3.1 a 0.3ab I 0.3b 0.2b I 0.5b 

6.6b I 38.1 a 6.4b I 24.2b 11.9a I 22.0b 

* Understory species with significant (P ::s 0.05) differences between 

treatments or mean density> 1.0 plant/quadrat included in table. Other 

species listed in appendix . 

• • Mean based on all understory species present at site. 

+ Values followed by different letters within a row are significantly (P ::s 

0.05) different by Tukey studentized range test. 



Table 3. Density (no./0.25 m2
) and cover (%/0.25 m2

) of understory 

species*, Santa Rita Experimental Range. 

Treatment 

Species· Velvet mesquite Open 

------------- Density (no.) I Cover (%) ---------------

Arizona cottontop 1.6a I 8.7a+ 0.5b I 2.6b 

Burroweed 0.2a 14.0a 0.1a I 0.3b 

Bush muhly 0.6a I 6.1a Ob lOb 

Black grama 0.7b I 2.9a 2.1a 14.3a 

Plains bristlegrass 0.7a I 2.9a Ob I Ob 

Total species 
.. 

5.4a I 31.2a 4.6a I 12.5b 

* Understory species with significant (P ::; 0.05) differences between 

treatments or mean density> 1.0 plant/quadrat included in table . 

. . 
Mean based on all understory species present at site. 

+ Values followed by different letters within a row are significantly (P ::; 

0.05) different by Tukey studentized range test. 
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Table 4. Ratios of density (no. in open areas/no. under canopied areas) and 

cover (% in open areas / % under canopied areas) at seven sites in southern 

Arizona. 

Location • Density ratio Cover ratio 

Buenos Aires 2.34a+ 2.7Sa 

Fort Huachuca 2.33a 2.60a 

Diamond Bell 1.99ab 0.74b 

Falcon Valley 1.42bc 0.50c 

Santa Rita 0.S9c 0.41c 

San Xavier 0.S7c 0.54bc 

Organ Pipe 0.09d O.OSd 

+ Values followed by different letters within a column are significantly (P 

::5 0.05) different by Tukey studentized range test. 



Table 5. Density (no./0.25 m2
) and cover (%) of understory species -11-, 

Buenos Aires Wildlife Refuge in southern Arizona. 

Treatment 

Species' Velvet mesquite Open 

------------ Density (no.) I Cover (%) ----------

Plains lovegrass O.4b I 2.5b+ 1.5a I 10.8a 

Lehmann lovegrass 0.9a I 4.8a 1.1 a 7.5a 

Arizona cottontop 0.9a I 4.7a 0.1a 0.8b 

Grama species 0.1 b I O.4b 1.3a 5.9a 

Total species -II- * 2.3b 112.4b 4.3a I 26.5a 

-II- Understory species with significant (P :s; 0.05) differences between 

treatments or mean density> 1.0 plant/quadrat included in table. 

•• Mean based on all understory species present at site. 

+ Values followed by different letters within a row are significantly (P :s; 

0.05) different by Tukey studentized range test. 
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Table 6. Density (no./0.25 m2 ) and cover (%) of understory species '*, Fort 

Huachuca in southeastern Arizona. 

'* 

Species' 

Plains lovegrass 

Sideoats grama 

Curly mesquite 

Total species" 

Treatment 

Emory oak Mexican blue oak open 

----------------- Density (no.) I Cover (%) --------------

1.5a I 5.2a+ 

0.7a 2.5a 

Ob Ob 

3.2b I 15.6b 

1.0a I 3.4a 

1.3a I 4.9a 

Ob lOb 

3.7b I 14.0b 

1.5a 5.3a 

1.3a 5.7a 

1.7a I 2.7a 

6.7a 130.8a 

Understory species with significant (P < 0.05) differences between 

treatments or mean density> 1.0 plant/quadrat included in table. 

•• Mean based on all understory species present at site. 

+ Values followed by different letters within a row are significantly (P =:; 

0.05) different by Tukey studentized range test. 
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Table 7. Density (no./0.25 m2
) and cover (%) of understory species", north 

of Organ Pipe National Monument in southwestern Arizona. 

Treatment 

Species Velvet mesquite Creosotebush open 

---------------- Density (no.) I Cover (%) --------------

Bush muhly 2.5a I 29.1a+ 2.7a I 42.4a O.1b I 5.0b 

Velvet mesquite 0.1a 10.5a Oa I Oa 0.3a I 1.2a 

Globemallow 0.1a 1.2a Ob I Ob Ob I Ob 

Wolfberry 0.1a 6.5a Ob I Ob Ob I Ob 

Creosotebush 0.2a 13.5a Ob I Ob Ob lOb 

Total species 
.. 

3.0a 51.5a 2.7b I 42.4a O.3b I 6.2b 

.. Understory species with significant (P =:; 0.05) differences between 

treatments or mean density> 1.0 plant/quadrat included in table . 

. . 
Mean based on all understory species present at site. 

+ Values followed by different letters within a row are significantly (P =:; 

0.05) different by Tukey studentized range test. 



Table 8. Density (no./0.25 m2
) and cover (%) of understory 

species *, west of San Xavier Indian Reservation in southern Arizona. 

Treatment 

Species' Velvet mesquite Blue paloverde Open 

-------------- Density (no.) I Cover (%) -----------------

Bush muhly 1.8a I 25.4a+ 1.3a I 15.6a Ob I Ob 

Arizona cottontop 0.2ab I 1.8ab O.4a I 3.7a Ob lOb 

Cholla 0.1a I 1.3a Ob I Ob Ob lOb 

Plains bristlegrass 0.2ab I 2.0ab 0.3a I 3.3a Ob I Ob 

Dyssodia 0.2b I 1.2b 0.2b I 1.6b 2.3a 13.5a 

Total species 3.3a I 36.8a 2.8a I 33.2a 2.6a 16.8b 

• Understory species with significant (P ~ 0.05) differences between 

treatments or mean density> 1.0 plant/quadrat included in table. 

Mean based on all understory species present at site. 

+ Values followed by different letters within a row are significantly (P ~ 

0.05) different by Tukey studentized range test. 
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Table 9. Density (no./0.25 m2
) and cover (%) of understory species *, 

Falcon Valley Ranch in southern Arizona. 

Treatment 

Species· Velvet mesquite Cholla Open 

------------- Density (no.) I Cover (%) ---------------

Bush muhly 2.0a I 17.2a+ 1.2a I 12.3a Ob lOb 

Desert holly 3.1 a I 5.6a 2.9a I 6.0a 0.8b I 1.0b 

Ragweed 2.2a I 4.5a 1.0a I 3.4a 0.9a I 2.8a 

Cholla Ob I Ob 0.3a 1.7a Ob I Ob 

Cane beardgrass 1.4b I 1.9b 2.0ab 14.3ab 8.8a 5.7a 

Total species 
.. 

9.3a I 38.7b 8.5a I 40.8a 12.4a 18.7b 

• Understory species with significant (P :::; 0.05) differences between 

treatments or mean density> 1.0 plant/quadrat included in table. 

Mean based on all understory species present at site. 

+ Values followed by different letters within a row are significantly (P:::; 

0.05) different by Tukey studentized range test. 
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MAJOR FINDINGS 

It has been suggested that historical use of aggressive exotic species 

for revegetation has led to a general decrease in biodiversity on both public 

and private lands in southern Arizona (Bock et al. 1986, Burgess et al. 

1991). Furthermore, minimal use of natives in revegetation of these areas 

has often been justified by the lack of seed sources or extensive information 

relating to requirements necessary for establishment of a particular native 

species. This research was initiated to address some of the questions posed 

about seed production and establishment of native grasses. Research 

described in this dissertation focused on the following questions related to 

germination and establishment of 3 native grasses, Arizona cottontop 

[Digitaria californica (Benth.) Chase], plains lovegrass (Eragrostis intermedia 

Hitchc.), and bush muhly (Muhlenbergia porteri Schribn.): 1) what are the 

germination characteristics of these species and are relationships between 

germination and seedling growth, and environmental conditions experienced 

by the maternal plant; 2) do organic or microtopographic factors under 

natural rangeland revegetation conditions affect the emergence and 

persistence of these species; 3) is the establishment of these species 

favored under particular precipitation-soil moisture regimes; and 4) is there 

an association between overstory canopies and these species under natural 
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conditions? 

1) Results from germination studies indicated that seed produced in 

irrigated plots as well as that produced in native stands varied considerably 

in percent germination in controlled environment trials and there were few 

consistent differences attributable to seed production environments. Seed 

of Arizona cottontop and bush muhly produced under irrigated conditions 

had a significantly greater rate of germination, and Arizona cottontop seed 

from irrigated plots had greater primary root length. Such characteristics 

may be desirable under conditions where rapid germination is advantageous 

for establishment. For example, seeding in July and August in southern 

Arizona when available soil moisture is most consistent may provide an 

advantage for a faster-germinating species compared to slower-germinating 

ones because seedling roots may penetrate more deeply before the onset of 

a dry period (Sellers and Hill 1974). 

Overall, average percent germination for all 3 species from all material 

collection sites was in an acceptable range (71-91 %) for use in revegetation 

projects. Furthermore, there was no evident relationship between 

germination response and seed age, implying no afterripening or dormancy 

effects for Arizona cottontop, bush muhly, and plains lovegrass. The 

greatest advantage of producing seed in irrigated plots for research purposes 

was that this provided a consistent seed source; seed collections from 
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particular natural stands during some years were scarce or unavailable due 

to unfavorable environmental conditions for seed production. This study 

also indicated that lack of establishment under natural field conditions does 

not appear to be due to non-germinating seed. Additional studies focusing 

on associations between species responses under artificial compared to field 

conditions would be helpful in further defining particular species 

requirements for germination under natural conditions. Observations have 

shown that behavior of seed under growth chamber conditions with 

constant available moisture does not always correspond with how a species 

responds under natural field conditions that appear to be optimal for 

germination, as indicated by near-surface soil moisture sensors. Sensors to 

measure soil moisture availablity in the field at the scale of a seed are not 

currently available (Roundy 1992). 

2) The study involving organic and microtopographic factors and seedling 

establishment suggested that some species had greater survival in plots with 

soil cover than with bare ground. For example, Arizona cottontop had 

significantly greater survival under plant litter compared to seedlings sown in 

gravel or furrows. Environmental data showed that extended periods of soil 

moisture were associated with litter covering the soil surface and may have 

resulted in persistence of established seedlings. However, emergence of 

seedlings did not appear to be as influenced by soil cover as was 
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persistence. 

Observations from this and previous work have suggested that 

frequency and distribution of precipitation plays a more significant role in 

emergence and establishment than soil covers in environments that 

experience erratic rainfall distributions. Additional work should concentrate 

on seedling persistence under soil covers to determine if these factors are 

critical for survival of particular species under natural conditions. 

Furthermore, environmental factors such as soil water and temperature, and 

nutrient levels under soil covers should be evaluated for better understanding 

of the relationship among microsite characteristics and germination, 

establishment, and persistence. 

Results of the soil cover study also implied that some seed of Arizona 

cottontop remained viable after exposure to a short storm while seed of 

other study species did not. This may be explained by the slower 

germination rate of Arizona cottontop compared to the other species. In 

addition, Arizona cottontop may have the ability to imbibe and desiccate 

repeatedly and still have energy resources available for germination and 

establishment later when rains are more consistent. A study should be done 

to examine the effects of wet and dry cycles on Arizona cottontop and other 

species occurring in areas with erratic rainfall patterns. Such a study may 

explain how seed of these species persist in these environments and how 
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establishment may be artificially enhanced. 

3) Seed retrieval methods were used to determine the importance of the 

pattern of summer rainfall experienced in the southern Arizona on 

germination and emergence of the 3 study species. Results showed that 

both Arizona cottontop and bush muhly often germinate during short 

duration storms (where soil surface remains wet for 2 to 5 days) but 

seedlings frequently desiccate in subsequent dry periods. Plains lovegrass 

did not germinate under these conditions implying some environmental cue 

or cues were lacking to elicit germination in the field. Lighted conditions in 

the growth chamber did result in germination of non-germinated seed 

retrieved from the field suggesting that seed of this species may need to be 

sown on the soil surface. Additional field and growth chamber studies 

should be done on this species; field studies involving sowing plains 

lovegrass on the surface compared to sowing under soil, and a germination 

study relating to seed exposure to periods of light compared to total 

darkness should be conducted. 

4) It was concluded from the overstory-understory association study that 

bush muhly has consistently greater density under canopies compared to 

open areas whereas Arizona cottontop had greater, less, or no difference in 

density under canopies compared to open areas. On the other hand, plains 

lovegrass had greater density in open areas or no difference between open 
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and canopied areas. These results suggest that establishment and 

persistence of bush muhly and Arizona cottontop are highly and moderately 

favored, respectively, by microsite conditions under canopies, whereas 

plains lovegrass is favored by conditions in open areas. Further studies need 

to focus on how environmental factors of various microsites, such as 

canopied or open areas, influence establishment and persistence of desirable 

species such as Arizona cottontop, bush muhly, and plains lovegrass. 

The studies have suggested that these 3 species are germinable, but 

appear to accept relatively narrow ranges of environmental conditions for 

establishment under natural conditions. Research that further identifies 

specific environmental conditions that affect germination, emergence, and 

persistence under natural conditions could promote more effective utilization 

of these and other desirable native grass species in revegetation. 
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APPENDIX A 

Table 1. Analysis of variance of seedling density at maximum emergence 

(30 July 1990) and survival (30 Oct 1990) of Arizona cottontop and yellow 

bluestem for 2 cultivation and 3 surface treatments. 

Source df Emergence Survival 

MS MS 

rep (r) 5 535.53 1710.97 

species (sp) 1 133355.04* 134151.34* 

error a: r x sp 5 2320.73* 3342.44* 

cultivation (cu) 1 623.56 72.34 

sp x cu 1 686.23 665.0 

error b: r x cu(sp) 10 529.74 525.24 

surface (su) 2 606.50* 3624.02* 

sp x su 2 1383.39* 2196.80* 

cu x su 2 31.24 71.69 

sp x cu x su 2 28.13 42.24 

error c: r x su(sp x cu) 40 272.70 185.06 

* Significant at the P ~ 0.05 level. 
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APPENDIX B 

Table 1. Species with no significant differences in density between open and canopied 
areas, and mean density < 1.0 plant / quadrat at Diamond Bell Ranch in southern Arizona. 

Baccharissarothroides 
Boute/oua spp. 
Ca//iandra eriophylla 
Ephedra trifurca 
Eragrostis lehmanniana 

Ferocactus wislizenii 
Gutierrezia sarothrae 
Happlopappus tenuisecta 
Muhlenbergia porteri 
Setaria macrostachya 

Table 2 .. Species with no significant differences in density between open and canopied 
areas, and mean density < 1.0 plant / quadrat at Santa Rita Experimental Range in 
southern Arizona. 

Aristida spp. 
Bothriochloa barbinodis 
Bouteloua curtipendula 
Calliandra eriophylla 

Eragrostis lehmanniana 
Eragrostis intermedia 
Heteropogon contortus 
Solanum elaeagnifolium 

Table 3. Species with no significant differences in density between open and canopied 
areas, and mean density < 1.0 plant / quadrat at Fort Huachuca Military Reservation in 
southeastern Arizona. 

Acacia greggii 
Aristida spp. 
Bothriochloa barbinodis 
Dasylirion wheeleri 
Digitaria californica 
Elyonurus barbiculmus 

Eragrostis lehmanniana 
Leptochloa dubia 
Muhlenbergia rigida 
Setaria macrostachya 
Trachypogon secundus 
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Table 4. Species with no significant differences in density between open and canopied 
areas, and mean density < 1.0 plant I quadrat north of Organ Pipe National Monument in 
southwest Arizona. 

Baccharis sarothroides 
Holacantha emoryi 
L ycium pallidum 

Table 5. Species with no significant differences in density between open and canopied 
areas, and mean density < 1.0 plant I quadrat west of San Xavier Indian Reservation in 
southern Arizona. 

Ambrosia deltoidea 
Ambrosia psilostachya 
Aristida spp. 
Bothriochloa barbinodis 
Calliandra eriophylla 
Celtis pallida 

Cercidium floridum 
Happlopappus tenuisecta 
L ycium pallidum 
Opuntia acanthocarpa 
Plantago fastigiata 
Zinnia acerosa 

Table 6. Species with no significant differences in density between open and canopied 
areas, and mean density < 1.0 plant I quadrat at Falcon Valley Ranch in southern Arizona. 

Aristida spp. 
Erioneuron pulchellum 
Gutierrezia sarothrae 
Opuntia spp. 
Prosopis velutina 

Psilotrophe cooperi 
Solanum elaeagnifolium 
Sphaeralcea ambigua 
Yucca elata 
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