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ABSTRACT 

curly mesquite (Hilaria belangeri (Steud.) Nash) is a 

palatable, nutritious range grass in the southwestern United 

states. A research project was initiated in 1988 on plant 

material collected within Arizona to determine the value of 

this species as a turfgrass, if sufficient genetic variation 

existed in vegetative , reproductive, and germination traits to 

allow for improvement of the turfgrass value by breeding, and 

if this species could be successfully established by seeding. 

curly mesquite can withstand the rigors of turfgrass 

cultural practices (mowing and fertilizing), while maintaining 

an attractive, healthy appearance. Plant material from five 

separate geographic origins was subjected to 5 cm and 10 cm 

heights of cut, and a no cut treatment, along with nitrogen 

applications of 0, 48, and 96 kg ha-1 yr-1 in a randomized 

complete block split-split plot design. cutting at 10 cm, and 

application of 96 kg N ha-1 yr-1 produced the best color and 

highest ground cover. Control (uncut) plots exhibited low 

vigor and color. 

Broad-sense (h\) and narrow-sense (h2
n) heri tabili ty 

estimates were computed for measured and rated characters on 

clones and their open-pollination progeny grown at Safford (S) 

and Tucson (T), AZ. Estimates of h2
b of measured characters 

were: leaf length 0.29 (S) and 0.45 (T), stature 0.83 (S) and 
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0.71 (T), and flowers.spike-l 0.40 (S) and 0.36 (T). 

Significant variation was not observed in leaf width. 

Significant h2
n estimates of 0.31, 0.51, and 0.30 were obtained 

for leaf length, stature, and flowers.spike-l , respectively. 

Broad-sense heritability estimates ranged from 0.46 to 0.79 

for color, and 0.47 to 0.69 for density ratings. Cumulative 

germination percentages had h2
b estimates ranging from 0.45 to 

0.61. Hard seed (%) and seed weight (mg 100 seed-l) had h\ 

estimates of 0.83 and 0.95, respectively. 

Successful seedling establishment occurred after June, 

July and August sowings. Ground cover at the close of the 

season was greatest for the June seeding. A significant 

difference did not exist between the ground cover means of 

seeding rates (1 and 2 gm m-2 ) • 

The results of these investigations clearly warrant 

further efforts in the development of curly mesquite into a 

low maintenance turfgrass. 
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CHAPTER 1 

INTRODUCTION AND REVIEW OF THE LITERATURE 

Water and Turf in the Desert 

The southwestern desert (west Texas, New Mexico, 

Arizona, and southern California) is characterized by 

extremely high temperatures and evaporation. Annual 

precipitation typically is 30 cm or less. Turfgrass in this 

region takes the forms of resorts and golf courses, public 

parks, cemeteries, and school yards. Limited turfgrass use 

occurs on home lawns. In Arizona, turfgrass facilities 

larger than 5 hectares are required to limit irrigation water 

use to 1. 5 m ha-1 yr-1 (Arizona Dept. of Water Resources, 1988). 

These facilities must develop strategies to comply with the 

regulations set forth by the Arizona Department of Water 

Resources Groundwater Management Plan. 

Several strategies are in use on a national level to 

reduce turfgrass irrigation requirements: increasing 

irrigation efficiency, improving irrigation scheduling, and 

developing grasses which are naturally adapted to moisture 

stress. 

Research Objectives and Accomplishments 

The focus of this research has been to investigate the 

potential of curly mesquite (Hilaria belangeri (Stued.) Nash) 
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to become a low maintenance, low water requiring turfgrass 

established by seeding. Curly mesquite will be referred to 

hereafter as mesquitegrass in an effort to increase public 

acceptance of this potential turfgrass. Collections of the 

species were conducted in Cochise, Gila, Graham, Greenlee, 

Navajo, Pima, Pinal, Santa Cruz, and Yavapai counties in 

Arizona. Morphological and reproductive traits were evaluated 

to assess germplasm diversity and genetic potentials for 

improvement. Concurrent experiments have examined turfgrass 

management practices, and factors affecting establishment by 

seeding. This research has a) identified genetically superior 

plants to begin a conventional breeding and turfgrass 

improvement program, and b) the practices to secure and 

sustain this species as turf. 

Previous Work and Present Outlook 

A major goal of current turfgrass research is to 

reduce water inputs while maintaining attractive, functional 

turf. One strategy is the development of previously 

underutilized grass species possessing turfgrass qualities and 

mechanisms permitting growth in harsh environments. 

Mesqui tegrass is an important range grass in the 

Southwest and has been recognized for its turfgrass potential 

(Kneebone, 1985; Humphrey, 1960; Bentley, 1898; Lamson

scribner, 1897). Turfgrass attributes of this grass include 
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perennial growth, low stature, tolerance to defoliation, fine 

leaf texture, asexual spread by stolons, and establishment by 

seed. Its elevational range of adaptation in Arizona extends 

from approximately 600 to 1800 meters. The species grows in 

patches differing in density that colonize small «10 cm2) to 

extensive areas (1 hectare). 

Turfgrass Breeding and Improvement 

Most, if not all, turfgrass breeding programs begin 

with the acquisition of the targeted species from natural 

habitats, and these ecotypes are evaluated in space planted 

nurseries. Discovering naturally occurring variants presents 

one of the most productive methods of securing the variable 

germplasm necessary for a successful breeding program (Funk, 

1981; Burton, 1974, 1969). Masson and Bourgoin (1985) stated 

that prerequisite to breeding was the identification of the 

available diversity of germplasm. Examination of cytological, 

floral, morphological, and physiological variation was 

compulsory in assessing germplasm diversity. 

Breeding and improvement strategies at the onset of 

turfgrass domestication programs have been outlined by Meyer 

and Funk (1989), Hurly and Funk (1985), Funk (1981), Berner 

(1977), Daniel (1970), Burton (1989, 1974, 1969), and Burton 

and DeVane (1953). Ecotypic selection was followed by 

evaluations of plant material for turfgrass traits entailing 
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measurements or ratings. Hurly and Funk (1985), Wofford and 

Baltensperger (1985), Burton (1969, 1951), Lebsock and Kalton 

(1954), and Burton and De Vane (1953) stated that in turfgrass 

breeding a survey of the nature and amount of variation in 

important traits could guide the breeder in determining the 

most effective breeding procedures to be used. 

Evaluation of breeding potential is a 3-step process: 

a) partitioning of the observed variance in desired traits 

into genetic and environmental components to estimate 

heritability in the broad sense (h\) , b) estimating narrow

sense heritability (h2
n) from progeny data, and c) calculating 

the expected gains from selection based on h2
n estimates 

(Rogers, 1989; Wofford and Baltensperger, 1985; Burton and 

DeVane, 1953; Burton, 1951). Broad-sense heritability 

estimates were calculated from analysis of variance (ANOVA) 

for the respective trait. The narrow-sense heritability of a 

trait was determined by the regression of progeny values on 

the values of a) mater.nal parents, b) paternal parents, c) the 

parental averages, and also by the intra-class correlation of 

half-siblings (Rogers, 1989; Wofford and Baltensperger, 1985; 

Falconer, 1981). 

Heritability studies estimate genetic expression and 

transmission at the population level. Genes, not genotypes, 

link the generations. Estimates of heritability are obtained 
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from the degree of resemblance between relatives. The use of 

genetically identical plants (clones) permits estimation of 

the environmental effects on expression of a quantitative 

trait as no genetic· variation exists within a clone. Any 

measured variation within a clone should be due to the 

environment (Wofford and Baltensperger, 1985; Falconer, 1981; 

Burton, 1969; Burton and DeVane, 1953). 

Heritability studies are best performed in different 

environments (Falconer, 1981; Berner, 1977). Performance at 

one location can be considered to be a particular character 

(Gallais, 1984; Falconer, 1981). When this is done, the 

heritability values can be viewed as estimates of two 

different traits, for example, leaf length in environment A 

and leaf length in environment B. This estimates the effects 

of environment on gene expression and leads to the 

conclusions: a) the environment does not allow full 

expression of the genes, and b) different genes are working in 

different environments (a significant genotype x environment 

interaction). 

Selection and Environmental Ramifications 

The ultimate aim of the breeder is to develop superior 

plant material. Heritability information is used to predict 

the gain from selection. All selection is indirect in that 

breeders select 'genotypes' based on phenotypic measurements 

of individuals or groups of their progenies (Gallais, 1984). 
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Environmental differences in the phenotypic expression of a 

trait, and significant genotype x environment interactions 

affect decisions as to where to perform selection, or conduct 

the breeding program, in the 'good' or 'poor' environment. 

Hammond (1947) presented a two-fold argument. Firstly, an 

environment favoring expression of the desired character will 

permi t more rapid progress from selection (compared to an 

unfavorable environment). Secondly, if the improved breed is 

moved to stress conditions, it will perform better than if the 

breed had been developed under less favorable conditions. 

Falconer (1952) countered with the argument that a superior 

genotype in one environment cannot be expected to be superior 

in all environments. Byth et ala (1969) in soybeans (Glycine 

max (L.) Merr.) and Frey (1964) in oats (Avena spp.) found no 

differences between selection in fertile or poor environments. 

Arboleda-Rivera and compton (1974) demonstrated that selection 

in a favorable environment was not associated with a 

significant advance in poor growing conditions for maize (Zea 

mays L.). 

There is no simple answer to the question of 

conditions under which selection should be conducted. 

Falconer (1952) acknowledged that each case must be treated 

individually. He proposed treating the performances in two 

environments as genetically correlated characters, and imposed 

the restriction of, specifically and only, using two 
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environments. James (1961) developed a selection index 

combining performance in both environments. Freeman and 

Perkins (1971) developed linear regression techniques to 

relate performance of genotypes to environmental conditions. 

These researchers admitted, however, that environmental 

quantification was generally difficult in practice. Gallais 

(1984) pointed out that selection in stress situations will 

favor 'adaptation', and selection in good environments will be 

for 'potential'. 

Views on Seeding 

Burton (1989), Hintzen and Van Wijk (1985), Hurlyand 

Funk (1985), Berner (1977), and Daniel (1970) encouraged 

assessing genetic variation in an effort to improve seed 

production at the beginning of a turfgrass breeding program. 

Vogel et al. (1989), McKell (1972), and RogIer (1954) 

asserted that a major objective of a grass breeding program 

should be increasing seedling vigor. Factors affecting 

seedling vigor are seed size, seed quality, germination rate, 

emergence rate, and relative growth rate. RogIer (1954) 

concluded that selection for large or heavy seed increased 

seedling vigor in crested wheatgrass (Agropyron desertorum 

Fisch. ex Link). Kneebone (1972) stated that selection of 

individuals that partition large quantities of carbohydrate 

reserves into seeds, or that mature more viable seeds than the 
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rest of the population was equally as important as the 

selection of vigorous seedlings that had displayed rapid and 

uniform germination. 

Establishment by seeding will facilitate acceptance 

and commercial production of a grass. Vogel et al. (1989), 

Masson and Bourgoin (1985), Funk (1981), and Burton (1969) 

emphasized ease and economy of establishment were of primary 

importance in developing turfgrasses. Seed propagation 

decreases turfgrass establishment costs. Breeding superior 

seed producing turfgrass varieties, however, is more difficult 

and time consuming than genetic improvement of vegetatively 

propagated species (Burton, 1969). 



CHAPTER 2 

HERITABILITY ESTIMATES TO ASSESS 
THE POTENTIAL FOR GENETIC IMPROVEMENT 

Introduction 
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Historically, mesquitegrass has been exploited as a 

high quality forage grass. Most of the early literature on 

this species could be interpreted as 'negative press' (Merrill 

and Young, 1962; Brown and Cae, 1951; Cory, 1948), with 

conclusions of poor seed production, ovule sterility and 

abortion, and minimal germination if any at all. As a result, 

little research was devoted to improving forage qualities of 

this species. The beneficial qualities and potential uses of 

mesquitegrass have been recognized for decades (Hoover, 1939; 

Bentley, 1898; Lamson-Scribner, 1897), yet never utilized. 

Numerous heritability studies utilizing clones and 

open-pollination (OP) progeny to assess the potential for 

forage and turfgrass improvement appear in the literature. 

Burton and Devane (1953) reported significant genetic 

variation in seed yield, disease resistance, and forage yield 

traits in tall fescue (Festuca arundinaceae Schreb.) clones. 

Kneebone (1961,1958) discovered significant genetic variation 

among clones and their OP progeny in forage quality traits in 

sand bluestem (Andropogon hallii Hack.), and switchgrass 

(Panicum virgatum L.). Rogers (1989) and Wofford and 
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Baltensperger (1985) presented broad and narrow-sense 

heritabilities for turfgrass characteristics in perennial 

ryegrass (Lolium perenne L.), and bermudagrass (Cynodon 

dactylon L.), respectively. 

Current interest in mesquitegrass stems from its many 

turfgrass quali ties, and more broadly, for resource 

conservation purposes. No information exists on heritability 

estimates for any traits in mesquitegrass. This information 

is an important component in a breeding program to improve 

this species for turfgrass qualities, components of seed 

yield, and resource and soil conservation purposes. One of 

the major aims of this study was to derive such information. 

The objective of this study was to test the hypothesis 

of no significant genetic variation in several characteristics 

among parental clones, and their OP maternal half-sib (MHS) 

progenies. 

Materials and Methods 

Collection trips for specimens occurred from August 

1987 to October 1988 on rangeland throughout southern Arizona. 

Considerable geographical distance, one mile or more, between 

any two clonal sources minimized the potential of obtaining 

genes 'identical by descent'. Collected plant material was 

grown in metal flats (23 x 33 cm) containing a soilless media 

(1 peat moss:1 vermiculite: 1 perlite) in a greenhouse. Clones 
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from 15 sources (n=15 genotypes) were generated from single 

stolon plants on 10 Feb. 1989. 

Field sites and Experimental Designs 

The soil at Safford, AZ was a Pima clay loam (mixed, 

thermic, Typic Torrifluvent; 40% sand, 33% silt, 27% clay). 

The soil in the clonal plot at Tucson, AZ was a Pima loamy 

sand (mixed, thermic, Typic Torrifluvent; 73% sand, 18% silt, 

9% clay), and the progeny plot was a Pima sandy loam (mixed, 

thermic, Typic Torrifluvent; 59% sand, 28% silt, 13% clay). 

The 15 parental clones were replicated in four blocks 

at Safford (elev. 900 m), and at Tucson (elev. 675 m) in 

randomized complete block (RCB) designs. Blocks were 

independently replicated within and between locations. Clones 

were planted into 1.5 m2 plots on 1 July 1989 and 5 July 1989 

at Safford and Tucson, respectively. 

Open pollination (OP) progenies were obtained by 

sowing caryopses that were harvested in Nov. 1989 from the 15 

parental clones into flats of field soil in a greenhouse in 

March 1990. Twenty blocks of progenies were planted into 

fields, adjacent to parental plots, at Safford and Tucson in 

1990. A block contained 15 OP progenies (lOP progeny· clone-! 

• block-! • environment-!). Progeny were space planted 75 cm apart 

along a drip irrigation system on 25-26 July 1990 and 28-29 

July 1990 at Safford and Tucson, respectively. 
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Management practices were essentially identical for 

clones at both locations: 48 kg N ha-I yr-I [Turf Royale (21-7-

14) applications made 10 and 11 August 1989, and 13 and 14 

April 1990 at Safford and Tucson, respectively], mowing to a 

height of 10 cm twice yearly, and irrigation to prevent water 

stress. Ferremec (12.9 mg L-1 m-2) was foliarly applied to the 

clones at Safford on 17 Aug. 1989, and to clones at Tucson 10 

April 1990. Nitrogen fertilizer [Turf Royale (21-7-14)J was 

applied to progeny plots at a rate of 24 kg N ha-I yr-I on 10 

and 11 Aug. 1990 at Safford and Tucson, respectively. 

Data Collection and Analysis 

The location, date, vegetative character examined, and 

method of evaluation are shown in Tables 1 and 2 for parental 

clones and MHS families , respectively. Evaluations at Safford 

were immediately followed by those at Tucson (Tables 1 and 2) . 

Seed for germination tests was harvested from parental 

clones on 21 Sep. and 24 Sep. 1990 at Safford and Tucson, 

respectively. Seed were removed from fascicles· on 1 Oct. 

1990, and stored as clean caryopses, which will be referred to 

hereafter as seed. A period of 12 weeks post harvest passed 

prior to germination tests performed on seed from the parental 

clones. Ralowicz and Mancino (1991) demonstrated that 

afterripening for 12 weeks maximized the germination of seed 

in this species. 
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Table 1. Location, date, character, and method of evaluation 
for clones of mesquitegrass (Hilaria belangeri) 
1990. 

Location Date Character Method of Evaluation+ 

Safford 25 Oct Leaf length A-1st fully expanded 
Tucson 27 oct leaf blade (mm)+ 

Safford 25 Oct Leaf width A-l at fully expanded 
Tucson 27 Oct leaf blade (mm)+ 

Safford 8 Aug. Density B-1 lowest density, 
Tucson 9 Aug. 5 highest density 

Safford 29 Sep. Stature C-uncut height of 
Tucson 30 Sep. sward 

Safford 8 Mar. Color I D-l light green, 
Tucson 9 Mar. 9 dark green 

Safford 6 Apr. Color II D-as previously 
Tucson 7 Apr. stated 

Safford 25 May Color III D-as previously 
Tucson 26 May stated 

Safford 5 Sep. Color IV D-as previously 
Tucson 6 Sep. stated 

Safford 1 Nov. Flowers· E-fascicles·spike~ 
Tucson 3 Nov. spike-1 (# potential seed) 

+ A. Value was the average of 3 random leaves 
per clonal replicate. B. Visual rating with a 
scale from 1-5. C. Value was the average of 3 
random sward height measurements per clonal 
replicate. D. Visual rating with a scale from 
1-9. E. Value was the average of two spikes 
per clonal replicate. 

the 3rd oldest leaf on the plantlet was 
considered to be the lBt fully expanded leaf. 

in 
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Table 2. Location, date, character, and method of evaluation 
for maternal half-sib progeny families of 
mesquitegrass (Hilaria belangeri) in 1990. 

Location Date Character Method of Evaluation+ 

Safford 26 oct. Leaf length A-lit fully expanded 
Tucson 28 oct. leaf blade (mm)=!= 

Safford 26 Oct. Leaf width A-lIt fully expanded 
Tucson 28 Oct. leaf blade (mm)=!= 

Safford 1 Nov. spread B-area of vegetation 
Tucson 2 Nov. (cm2) 

Safford 1 Nov. Flowers • spike-I C-fascicles·spike~ 
Tucson 2 Nov. (# potential seed) 

+ A. Value was the average of 3 random leaves 
per individual progeny. B. Area covered by 
vegetation. C. Value was the average of two 
spikes per individual progeny. 

the 3rd oldest leaf on the plant let was 
considered to be the lIt fully expanded leaf. 
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They also reported that seed cleaned shortly after harvest 

displayed higher germination percentages than seed 

afterripened while remaining in the fascicle (Ralowicz and 

Mancino, 1991). 

Seed weights (mg 100 cleaned seed-I) were recorded on 

7 Dec. 1990 for the four replicates of clones grown at each 

environment. The germination trial on cleaned seed began 10 

Dec. 1990. The trial used a RCB design with four independent 

replications of experimental units, a petri dish containing 

100 seed clone-I environment-I. Seed were imbibed in petri 

dishes (100 X 15 rom) containing filter paper moistened with 6 

ml of distilled, deionized water, and sealed with a strip of 

parafilm. Seeds were incubated in a controlled environment 

with 12-hour cycles of 23 to 35°C with constant fluorescent 

illumination (Ralowicz and Mancino, 1991; Ralowicz et al., 

1991). 

A seed was considered germinated when the radicle and 

coleoptile were at least 1-rom long. Germination data were 

collected after 48, 96 and 168 hours. Germination trials were 

terminated after 168 hours, as no germination took place after 

this time. Germination rate index was calculated according to 

the methods described by Maguire (1962). Hard seed (seed not 

germinated but not putrefied) were counted after 168 hours. 

As each replication contained 100 seed, data were converted to 
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percentages. Percentage data were arcsin square root 

[asin(yln)] transformed prior to analysis of variance CANOVA) 

(Snedecor and Cochran, 1980). Germination values presented in 

the text are untransformed means. 

Heritability Estimates 

Variation among clones estimates genetic variation 

~l7hile variation within clones estimates environmental 

variation. Variances not attributable to direct or random 

environmental effects can be assumed to be due to genetic 

effects, hence broad-sense heritability (h\) is expressed as 

the fraction of genetic to total variance. Expected means 

square estimates from ANOVA of clones were used to calculate 

h\ values. 

One quarter of the genetic variation among half-sib 

families is additive genetic variation, the genetic variation 

capable of being transferred to progeny. Additive genetic 

variances derived from the expected means square estimates 

from ANOVA among MHS families were used to compute narrow

sense heritability (h2
n ) values. 

Initial analyses of variance followed a method 

outlined and discussed by Eberhart and Newell C 1959), and 

Kempthorne (1957) where locations and genotype were assumed to 

be random effects, with replications nested within locations. 
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Results of these analyses will be deliberated briefly, as the 

discussion will concentrate on responses within locations. 

Measurement of the same character in two environments 

can be considered the measurement of two distinct characters 

(Gallais, 1984; Falconer, 1981). Broad-sense and narrow-sense 

heritability values based on the results from a single 

environment were calculated as follows: 

and 

h2
b = Vol (Va + VB) 

h2
0 = VAl (VA + VB) 

= total genetic variance (due to clonal 

genotypes), and additive genetic variance (due 

to MHS families), respectively; 

VB = variance component due to environment: error 

from ANOVA on parental clones in calculating 

h2
b , and from ANOVA on MHS families in 

calculating h2
0 ' 

standard errors for the estimates of the variance 

components (variance of a variance) were computed from ANOVA 

values using the formula presented by Wricke and Weber (1986), 

Hallauer and Miranda (1981), and Thomson (1973». Calculation 

of the standard error of a component of variance is outlined 

in Appendix A. 
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Gains from Selection 

Genotypic gain from selection (Gs) was estimated as 

the product of the selection differential (~) and the narrow

sense heritability estimate: 

Gs = ~ • h 2
n 

and 

where, 

and 

Xs ' Xp = the mean value of the character of the 

selected population, and the overall 

population, respectively; 

h2
n = narrow-sense heritability estimate determined 

from the overall population. 

Results and Discussion 

Parental clones had 100% survival in field plots at 

Safford and Tucson. Total surviving progeny differed between 

locations, 265 and 210 at Safford and Tucson, respectively 

(Table 3). Three clones (5, 10, 14) had complete progeny 

survival at Safford, while three clones (3, 4, 6) had a 

maximum progeny survival rate of 90% at Tucson. The lowest 

progeny survival rate at Safford was 70% for clones 12 and 15. 

At Tucson, three clones (2, 7, 15) had less than 50% progeny 
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Table 3. Numbers of surviving progeny at Safford and Tucson, 
AZ for parental clones of mesquitegrass (Hilaria 
belangeri) • 

Number of surviving progeny 

Parental Clone Safford Tucson 

1 19 16 

2 16 7 

3 19 18 

4 15 18 

5 20 15 

6 17 18 

7 17 7 

8 19 16 

9 19 15 

10 20 16 

11 17 14 

12 14 14 

13 19 16 

14 20 12 

15 14 8 
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survival. No significant correlation, or rank correlation 

existed for progeny survival of clones between locations. 

Measured Characters 

The means and ranges of means of the parental clones 

and MHS families grown at different locations are shown in 

Table 4 for measured characters. Means of measured characters 

at Tucson generally were lower than their respective 

counterparts at Safford with the exceptions of spread and 

flowers· spike-l in the MHS families (Table 4). 

. Ranges of means were narrower in Tucson than those in 

Safford for all characters except flowers· spike-l and leaf 

width for both clones and MHS families (Table 4). Minimum 

values of ranges are comparable, however, maximum values were 

higher at Safford. These results indicate that the 

macroenvironment at Tucson restricted development of many 

measured characters. This could have reduced phenotypic 

expression of genetic variation thereby lowering heritability 

estimates of traits measured at Tucson. 

Finally, for all traits measured on parents and 

progenies, the ranges of means for the MHS families generally 

fall within the ranges of the parental clones in the 

respective environment (Table 4). The MHS family ranges of 

leaf length, width and flowers· spike-l are comparable between 

locations, however, these ranges are much narrower for MHS 



Table 4. Means and ranges+ of measured characters on parental clones and maternal half
sib (MHS) families of mesquitegrass (Hilaria belangeri) at Safford and Tucson, 
AZ in 1990. 

Parents 

Character Location Mean ±SE:9= Range 

Leaf length (mm) Safford 58.8 ± 4.7 29.8 - 102.5 
Tucson 58.1 ± 5.0 26.5 - 91.3 

Leaf width (mm) Safford 2.1 ± 0.1 2.0 - 2.5 
Tucson 1.7 ± 0.1 1.4 - 2.1 

Stature (mm) Safford 315.0 ± 15.0 203.3 - 387.3 
Tucson 286.4 ± 12.3 203.3 - 362.0 

Spread (cm2 ) Safford ----- -----
Tucson ----- -----

Flowers· spike-l Safford 8.8 ± 0.3 6.8 - 10.3 
Tucson 8.6 ± 0.3 6.8 - 10.5 

MH sib Families 

Mean ± SE 

37.8 ± 1.0 
32.8 ± 0.8 

2.2 ± 0.03 
2.0 ± 0.03 

-----
-----

63.1 ± 10.3 
76.1 ± 8.6 

6.6 ± 0.2 
6.8 ± 0.1 

Range 

30.6 - 43.1 
26.1 - 38.3 

2.1 - 2.3 
1.8 - 2.2 

------
------

27.2 - 213.6 
30.0 - 120.8 

5.8 -
6.0 -

7.3 
7.8 

+ means of 4 replicates of 15 clonal parents (genotypes) and their MHS progeny 
families, and ranges of clone means and their MHS family means. 

* Standard error of the mean from ANOVA. 

w 
~ 
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families than the parental clones. Maximum values of 

flowers· spike-I are lower for MHS families than clones at the 

respective location. 

Significance of effects within the model outlined by 

Eberhart and Newell (1959), and Kempthorne (1957) is shown in 

Table 5 for measured characters on parental clones and their 

progeny. significance between means of locations was detected 

for stature (parents), and for leaf length and leaf width 

(progeny) (Table 5). Genotype was highly significant for all 

characters but flowers· spike-I in the progeny. Stature was the 

only measured character showing a significant GXL interaction. 

The GXL interaction for stature comprised a minor fraction 

(4%) of the total variation while location accounted for 51% 

of the variation. Three clones (genotypes) had higher stature 

at Tucson than Safford. This does not imply, however, that 

clones in Tucson were 'more heal thy' or produced more dry 

matter than their counterparts in Safford. 

Visually Rated Characters 

Means of visually rated characters for clones were 

lower at Tucson than in Safford except for Color III (Table 

6), similar to means of measured characters. Ranges of means, 

however, were greater at Tucson than at Safford for all 

visually rated characters but Color IV. 
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Table 5. significance of effects from ANOVA on measured 
characters of populations of mesquitegrass (Hilaria 
belangeri) at Safford and Tucson, AZ in 1990. 

Character 

Leaf length 

Leaf width 

stature 

spread 

Flowers· 
spike-1 

Population Location 

Parents ns+ 
Progeny *** 
Parents ns 
Progeny ** 
Parents ** 
Progeny 

Parents 
Progeny ns 

Parents ns 
Progeny ns 

Genotype 

*** 
*** 
*** 
*** 
*** 

** 
*** 
ns 

G X L 

ns 
ns 

ns 
ns 

** 

ns 

ns 
ns 

+ ns, *, **, *** denote nonsignificance, 
significance at PSO.05, PSO.01, and PSO.001, 
respectively, of the mean square associated 
with the variance component estimate. 
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Table 6. Means and ranges of means+ for visually rated 
characters on clones of mesqui tegrass (Hilaria 
belangeri) at Safford and Tucson, AZ in 1990. 

Character Location Mean ± sE"i= Range 

Color I Safford 5.8 ± 0.1 5.1 - 6.4 
Tucson 5.0 ± 0.1 4.3 - 5.9 

Color II Safford 6.0 ± 0.1 5.3 - 6.5. 
Tucson 4.6 ± 0.2 3.0 - 5.9 

Color III Safford 5.9 ± 0.1 5.4 - 6.4 
Tucson 6.0 ± 0.1 5.3 - 6.8 

Color IV Safford 6.5 ± 0.1 5.4 - 7.0 
Tucson 6.4 ± 0.1 6.0 - 7.0 

Density Safford 3.5 ± 0.1 2.9 - 4.6 
Tucson 3.1 ± 0.1 2.0 - 4.3 

+ means of 4 replicates of 15 clones (genotypes) , 
ranges of means of clones. 

standard error of the mean from ANOVA. 
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Color generally was acceptable for all ratings at 

Safford, based on a scale of 1 (light green) to 9 (dark green) 

with 6 being the minimum rating considered acceptable (Table 

6). Clones at Safford had acceptable color prior to the April 

1990 fertilization. 

Early season color rating means (Colors I and II) at 

Tucson were not acceptable (Table 6). Color ratings at Tucson 

improved to acceptable after the application of nitrogen in 

April 1990. Low color ratings during spring were common in 

all research plots of mesquitegrass at Tucson. 

Genotype was significant for all visually rated 

characters (Table 7). Location was significant for density 

and Colors I and II. Colors III and IV showed signif icant GXL 

interactions. Each interaction made up 15% of the total 

variation. six clones had higher means at Tucson than Safford 

for Color III, and similarly, five clones at Tucson had higher 

means for Color IV. 

Germination and Seed Characters 

Means and their respective ranges of germination and 

seed characters differed little between Tucson and Safford 

(Table 8). Ranges of means in Table 8 are narrower for 

characters of seed produced at Safford than Tucson, unlike the 

measured characters. 
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Table 7. Significance of effects from ANOVA on visually rated 
characters for clones of mesquitegrass (Hilaria 
belangeri) at Safford and Tucson, AZ in 1990. 

Character Location Genotype G X L 

Color I ***+ ** ns 

Color II *** *** ns 

Color III ns *** * 
Color IV ns *** *** 
Density *** *** ns 

+ ns, *, **, *** denote nonsignificance, 
significance at PSO.05, PSO.01, and 
PS 0 • 001, respecti vely , of the mean square 
associated with the variance component 
estimate. 
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Table 8. Means and ranges+ of germination and seed characters 
on clones of mesquitegrass (Hilaria belangeri) at 
Safford and Tucson, AZ in 1990. 

Character 

Cumulative 
Germination (%) 

48 hr 

96 hr 

168 hr 

Germination 
Rate Index 

Hard seed (%) 

Seed weight 
(mg 100 seed-I) 

Location 

Safford 
Tucson 

Safford 
Tucson 

Safford 
Tucson 

Safford 
Tucson 

Safford 
Tucson 

Safford 
Tucson 

Mean ± sE+ 

58.0 ± 3.4 
61.0 ± 3.1 

66.6 ± 3.3 
68.1 ± 3.2 

67.9 ± 3.3 
69.6 ± 3.0 

37.6 ± 2.5 
39.5 ± 2.4 

3.8 ± 1.3 
4.9 ± 1.3 

76.4 ± 3.4 
74.4 ± 3.6 

Range 

33.0 - 75.8 
28.0 - 75.1 

44.3 - 86.8 
35.3 - 82.0 

45.0 - 87.0 
39.3 - 82.3 

22.6 - 50.2 
17.2 - 56.2 

0.5 - 21.5 
1.5 - 23.0 

40.0 - 94.3 
38.0 - 93.3 

+ means of 4 replicates of 15 clones 
(genotypes), and ranges of means of clones. 

Standard error of the mean from ANOVA. 
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Germination percentages of seed from clones after 48 

and 96 hours (Table 8) agree well with those of recent 

germination experiments (Ralowicz and Mancino, 1991; Ralowicz 

et al. 1991). Ralowicz et al. (1991) presented cumulative 

germination data ranging from 62 to 71% and 63 to 81% after 48 

and 96 hours, respectively, for cleaned seed imbibed in 

distilled water. Additionally, Ralowicz and Mancino (1991) 

presented cumulative germination percentages for seed (cleaned 

from the fascicle immediately after harvest and stored for 12 

weeks) ranging from 84 to 90%, and 87 to 94% after 48 and 96 

hours, respectively. Research on this species prior to 1991 

reported poor germination «25%) (Kneebone, 1985; Merrill and 

Young, 1962; USDA, 1948). 

Substantial diversity in seed weight is evident from 

the ranges in Table 8. The ranges of seed weight closely 

reflect those of samples from non-clonal, cultivated 

mesquitegrass swards, 36 to 90 mg 100 seed-l (unpublished). 

The mean seed weight in the present study (:::: 75 mg 100 seed-I) 

is slightly higher than that of the non-clonal, cultivated 

swards, 65 mg 100 seed-l (unpublished). The mean of the two 

seed weights in Table 8 equates to 1. 33 X 106 seed kg-I, with 

the ranges determined to be 1. 06 x 106 to 2.56 X 106 seed kg-I. 

The average number of seed kg-I for clones is lower than the 

1.6 x 106 value presented by Merrill and Young (1962). 
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Genotype was significant for all germination and seed 

characters (Table 9). Although hard seed showed statistical 

significance (PSO.05) due to location, there was no practical 

differences between the means of locations. The non

significant GXL interaction for hard seed illustrates that 

particular clones produce hard seed regardless of environment. 

Most traits in Table 9 contain a significant GXL 

interaction. Levels of phenotypic performance differed wi thin 

genotypes (clones) between environments. This is not 

surprising when one considers that these are largely 

reproductive characters, and generally are influenced to a 

greater extent by environment than production (vegetative or 

forage) traits (Falconer, 1981). 

Estimates of the Components of Variance 

As mentioned above, measurements of a trait in two 

environments represents measurement of two different traits 

(Gallais, 1984; Falconer, 1981). Therefore, components of 

variance estimates, and heritability estimates in the 

following section, will be presented within locations. 

Estimates of the components of variance (Vo , VA' and 

VB: total genetic, additive genetic, and environmental 

variance, respectively) for measured characters on parental 

clones and their OP progenies are shown in Table 10. Total 

genetic variation was statistically significant for all 
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Table 9. Significance of effects from ANOVA on germination 
and seed characters for clones of mesquitegrass 
(Hilaria belangeri) at Safford and Tucson, AZ in 1990. 

Character 

Cumulative 
Germination (%) 

48 hr + 
96 hr+ 

168 hr+ 

Germination 
Rate Index+ 

Hard seed (%)+ 

Seed weight 

Location Genotype 

ns=l= *** 
ns *** 
ns *** 
ns *** 

* *** 
ns *** 

+ data asin (y1l2) transformed for ANOVA. 

GXL 

** 
*** 
** 
** 

ns 

*** 

=1= ns, *, **, *** denote nonsignificance, 
significance at PSO.05, PSO.01, and PSO.001, 
respectively, of the mean square associated 
with the variance component estimate. 



Table 10. Estimates of variance components for measured characters within locations on 
populations of mesquitegrass (Hilaria belangeri) in 1990. 

Character 

Leaf length 

Leaf width 

Stature 

Spread 

Flowers· spike-1 

Location Population v+ ± SE 

Safford 

Tucson 

Safford 

Tucson 

Safford 

Tucson 

Safford 

Tucson 

Safford 

Tucson 

Parents 
Progeny 

Parents 
Progeny 

Parents 
Progeny 

Parents 
Progeny 

Parents 
Progeny 

Parents 
Progeny 

Parents 
Progeny 

Parents 
Progeny 

Parents 
Progeny 

Parents 
Progeny 

200.71 ± 161.2 **+ 
9.54 ± 0.53 ** 

283.5 ± 182.2 *** 
0.80 ± 0.3 ns 

0.009 ± 
0.004 ± 

0.024 ± 
0.004 ± 

0.02 ns 
0.001* 

0.03 ns 
0.04 ns 

3188.7 ± 1629.2 *** 

2059.7 ± 1104.2 *** 

1135.3 ± 

0.0 ± 

0.66 ± 
o + 

0.62 ± 
0.20 ± 

52.4 *** 

21.0 ns 

0.45 ** 
0.02 ns 

0.44 ** 
0.01 * 

VE ± SE 

493.0 ± 105.1 
114.6 ± 10.3 

353.4 ± 
114.2 ± 

0.08 ± 
0.1 ± 
0.13 ± 
0.09 ± 

75.3 
11.6 

0.02 
0.01 

0.03 
0.01 

673.8 ± 143.7 -

852.4 ± 181.7 

7762.5 ± 694.3 

15347.2 ± 1554.3 

1.01 ± 
0.02 ± 
1.11 ± 
2.48 ± 

0.2 
0.6 

0.2 
0.3 

+ Total genetic variance (Vo) for parents and additive genetic variance (VA) for 
progeny. 

+ ns, *, **, *** denote nonsignificance, significance at P~0.05, P~O.Ol, 
and P~O.OOl, respectively, of the mean square of genotype from ANOVA. ~ 

~ 
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characters except leaf width at both locations. The lack of 

Vo in leaf width probably was the result of the inability to 

accurately measure minute differences among clones. 

Interestingly, progeny showed significant VA in leaf length 

and leaf width at Safford and none at Tucson. 

Total genetic variation estimates for measured 

characters usually were less than twice their standard errors 

(Table 10). As the standard error estimate of Vo approaches 

or exceeds the estimated value of VO' the precision and 

accuracy of the estimate of Vo both approach zero. Stature 

was the only measured character that had a Vo component 

approximately two times its standard error. Total genetic 

variance component estimates on parental clones of 

bermudagrass were generally equal to two times their standard 

error (Wofford and Baltensperger, 1985). 

The mean square of genotype was significant for leaf 

length at Safford and flowers· spike-l at Tucson for both 

populations. The estimate of VA was smaller than the Vo 

estimate for leaf length at Safford, while VA was greater than 

the Vo estimate for flowers·spike- l at Tucson (Table 10). It 

is expected that VA be smaller than Vo because VA is the 

fraction of Vo conveyed from parent to progeny. 

For progeny at Safford, VA was significant in all 

measured characters but flowers· spike-l (Table 10) . 
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conversely, flowers· spike-1 was the only character showing 

significant VA at Tucson. Again, this result indicates that 

the macroenvironment of Tucson hampered the expression of 

genetic variation. 

Variance component estimates for visually rated 

characters are displayed in Table 11. Significant Va is 

evident in all characters excluding Color I at Tucson. 

Genetic variances for density were not affected by location, 

however, phenotypic means of density between locations were 

significantly different (Table 7). This is attributed to the 

larger VE estimate for density at Tucson (Table 11). 

Environmental variance estimates varied considerably within 

characters between locations for visually rated characters 

(Table 11). 

Genetic variance components for seven of the nine 

significant visually rated characters were double their 

standard errors (Table 11). For the exceptions, Colors II and 

III at Tucson, the Va estimates were 1.1 and 1.5 times the 

standard errors, respectively. 

Genetic variance estimates for germination parameters 

were greater for seed from Safford than Tucson, but Va 

estimates for hard seed and seed weight were greater at Tucson 

(Table 12). Genetic and environmental variance estimates for 

hard seed were alike for locations. This shows that genes for 
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Table 11. Estimates of variance components within locations 
for visually rated characters on clones of 
mesquitegrass (Hilaria belangeri) in 1990. 

Character Location Va ± SE VB ± SE 

Color I Safford 0.108 ± 0.06 ***+ 0.04 ± 0.01 
Tucson 0.020 ± 0.09 ns 0.55 ± 0.01 

Color II Safford 0.063 ± 0.03 *** 0.02 ± 0.01 
Tucson 0.335 ± 0.30 * 1.14 ± 0.24 

Color III Safford 0.072 ± 0.04 *** 0.04 ± 0.01 
Tucson 0.122 ± 0.08 *** 0.14 ± 0.03 

Color IV Safford 0.178 ± 0.10 *** 0.13 ± 0.03 
Tucson 0.113 ± 0.06 *** 0.06 ± 0.01 

Density Safford 0.213 ± 0.12 *** 0.09 ± 0.02 
Tucson 0.203 ± 0.13 *** 0.23 ± 0.05 

+ ns, *, **, *** denote nonsignificance, 
significance at PSO.05, PSO.01, and PSO.001, 
respectively, of the mean square of genotype 
from ANOVA. 
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Table 12. Estimates of variance components within locations 
for germination and seed characters of clones of 
mesquitegrass (Hilaria belangeri) in 1990. 

Character Location Va ± SE VB ± SE 

Cumulative 
Germination (%) 

48 hr+ Safford 149.0 ± 84.3***=1= 96.6 ± 20.6 
Tucson 109.8 ± 70.0*** 132.2 ± 28.2 

96 hr+ Safford 138.6 ± 80.1* 103.4 ± 22.0 
Tucson 124.2 ± 74.7*** 115.0 ± 24.5 

168 hr+ Safford 138.2 ± 80.0* 103.8 ± 22.1 
Tucson 106.2 ± 66.2*** 116.5 ± 24.8 

Germination Safford 76.7 ± 43.9*** 53.4 ± 11.4 
Rate Index+ Tucson 62.8 ± 41.0*** 83.8 ± 17.8 

Hard seed (%)+ Safford 24.5 ± 12.5*** 5.2 ± 1.1 
Tucson 26.1 ± 13.2*** 4.9 ± 1.0 

Seed weight Safford 174.6 ± 85.4*** 5.5 ± 1.2 
Tucson 190.8 ± 93.9*** 11.2 ± 2.4 

+ variance components from percentage data. 

=1= *, **, *** denote significance at PSO.05, 
PSO.01, and PSO.001, respectively, of the 
mean square of genotype from ANOVA. 
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this trait were affected to a greater extent (increased hard 

seed) in Tucson. 

Genetic variance components were less than twice their 

standard errors for germination characters (Table 12). For 

hard seed and seed weight, Va estimates, however, were double 

their standard errors (Table 12). Environmental variances 

were four and five times their respective standard errors. 

Heritability Estimates 

All significant h2
b estimates in Table 13 were moderate 

to high, with a range from 0.29 to 0.83. For stature and 

flowers· spike-!, h\ estimates were similar between locations, 

respecti vely , unlike the h2
b estimates for leaf length. 

Significant h\ estimates were 2 to 11 times their respective 

standard errors. 

Of the four characters measured on the progeny, three 

had significant h2
n estimates at Safford, and the remaining 

trai t, flowers· spike-l , had a significant h2
n estimate only at 

Tucson (Table 13). significant h2
n estimates ranged from 0.30 

to 0.51. The significance of the h2
n estimate for leaf width 

at Safford is questionable, as its standard error is 

comparatively large and its corresponding h\ estimate is not 

significant. 

For characters with significant Va and VA detected on 

parents and progeny (leaf length at Safford and flowers· spike-! 
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Table 13. Broad-sense (h2
b) and narrow-sense (h2

n) heritability 
estimates of measured characters for mesquitegrass 
(Hilaria belangeri) at different locations in 1990. 

Character Location h2 + b - SE h2
n ± SE 

Leaf length Safford 0.29 ± 0.14* 0.31 ± 0.19* 
Tucson 0.45 ± 0.14* 0.03 ± 0.12 

Leaf width Safford 0.11 ± 0.13 0.18 ± 0.14* 
Tucson 0.16 ± 0.13 0.20 ± 0.17 

Stature Safford 0.83 ± 0.07* 
Tucson 0.71 ± 0.10* 

Spread Safford 0.51 ± 0.24* 
Tucson 0 ± 0 

Flowers· spike-1 Safford 0.40 ± 0.14* 0 ± 0.09 
Tucson 0.36 ± 0.14* 0.30 ± 0.21* 

* significant genetic variation detected by 
ANOVA. 
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at Tucson), h2
n estimates were close to their corresponding h\ 

estimates (Table 13). This indicates that a large portion of 

the total genetic variation is additive in these two 

characters. Significant h2
n estimates for measured characters 

were 1.5 to 2 times their standard errors (Table 13). 

The estimates of h2
b and h2

n for leaf length at Safford 

(Table 13) are considerably lower than the corresponding 

estimates presented by Rogers (1989) for perennial ryegrass 

(h2
b ~ 0.98 and h2

n ~ 0.94), and by Wofford and Baltensperger 

(1985) for bermudagrass (h2
b ~ 0.98 and h2

n ~ 0.70). The h2
b 

estimates of stature, 0.83 and 0.71, are in close agreement 

for height in sand bluestem (Kneebone, 1958). 

The h2
n estimate of spread at Safford (Table 13) is in 

general agreement with h2
n estimate of plant diameter in sand 

bluestem (Kneebone, 1958), but greater than the h~ estimate of 

spread (0.32) in bromegrass (Bromus inermus Leyss.) (McDonald 

et al., 1952). 

Nine of the 10 h2
b estimates for visually rated 

characters are significant, and considered moderate to high 

(Table 14). Significant h\ estimates of color ratings ranged 

from 0.23 to 0.79. Broad-sense heritability estimates at 

Safford fell from 0.79 (Color II) to 0.57 (Color IV), while 

the h2
b estimates at Tucson increased from 0.23 to 0.65 for 

Colors II and IV, respectively. Significant h\ estimates of 
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Table 14. Broad-sense (h2
b ) heritability estimates of visually 

rated characters on mesquitegrass (Hilaria belangeri) 
clones at different locations in 1990. 

Character Location h2 + b - SE 

Color I Safford 0.72 ± 0.10* 
Tucson 0.04 ± 0.12 

Color II Safford 0.79 ± 0.10* 
Tucson 0.23 ± 0.14* 

Color III Safford 0.66 ± 0.11* 
Tucson 0.46 ± 0.14* 

Color IV Safford 0.57 ± 0.10* 
Tucson 0.65 ± 0.11* 

Density Safford 0.69 ± 0.10* 
Tucson 0.47 ± 0.14* 

* significant genetic variation detected by ANOVA. 
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visually rated characters generally were six to seven times 

their respective standard error (Table 14). 

Broad-sense heritability estimates for density and 

color in Table 14 are lower than those characters in 

bermudagrass (Wofford and Baltensperger, 1985). 

Estimates of h\ for germination and seed characters 

generally were greater at Safford with the biggest difference 

occurring in cumulative germination after 48 hours (Table 15) . 

Seed weight demonstrated almost complete heritability. Seed 

produced at Safford generally had a) elevated Vo and b) 

depressed VB estimates compared to those at Tucson (Table 12) . 

Smaller environmental effects permi tted more genetic 

expression and variation in Safford, excepting hard seed 

(Table 12). The high h2
b estimates for hard seed indicates 

that this trait easily could be selected against. 

Cumulative germination increased 2% from 96 to 168 

hours which accounts for the similar h2
b estimates of 

germination within these periods (Table 15). Broad-sense 

heritability estimates were 3 to 5 times their respective 

standard errors for germination parameters, and at least ten 

times their respective standard errors for hard seed. 

Estimates of h2
b of seed weight had exceptionally low standard 

errors. 



Table 15. Broad-sense (h2
b) heritability 

germination and seed characters of 
(Hilaria belangeri) clones grown 
locations in 1990. 

Character Location h2
b ± 

Cumulative 
Germination (%) 

48 hr Safford 0.61 
Tucson 0.45 

96 hr Safford 0.57 
Tucson 0.52 

168 hr Safford 0.57 
Tucson 0.48 

Germination Safford 0.59 
Rate Index Tucson 0.43 

Hard seed (%) Safford 0.82 
Tucson 0.84 

Seed weight Safford 0.97 
Tucson 0.94 
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estimates of 
mesquitegrass 
at different 

SE 

± 0.12* 
± 0.14* 

± 0.13* 
± 0.13* 

± 0.13* 
± 0.14* 

± 0.12* 
± 0.14* 

± 0.07* 
± 0.06* 

± 0.01* 
± 0.02* 

* significant genetic variation detected by ANOVA. 



Phenotypic and Genotypic Correlations 

Safford 
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Phenotypic correlations among germination parameters 

were all significant for parental clones (Table 16). 

Germination parameters showed no other significant phenotypic 

correlations. Not surprisingly, seed weight displayed 

significant phenotypic correlations with forage attributes 

(leaf length, leaf width, and stature). Leaf length exhibited 

significant phenotypic correlations with the remaining two 

forage traits. Hard seed and flowers·spike-1 were not 

significantly phenotypically correlated with any other traits. 

Genotypic correlations among germination parameters 

generally were greater than their corresponding rp estimates 

for parental clones (Table 16). These high ro estimates, 

again, are the result of the minor increase (10%) in 

germination from 48 to 168 hours. Germination parameters 

showed significant negative genetic associations (ro) with 

flowers • spike-1 and leaf width. Clones with a high number of 

flowers· spike-1 displayed lower germination percentages. These 

lower germination percentages were the result of hard seed 

showing a significant ro (0.46) with flowers· spike-I. 

Flowers· spike-1 was significantly genetically correlated with 

leaf width while showing a non-significant rp with leaf width. 

Seed weight was highly significantly genetically correlated 



Table 16. Phenotypic (rp) and genotypic (rG) correlations+ of traits measured on clones 
of mesquitegrass (Hilaria belangeri) grown at Safford, AZ in 1991. 

rp 

Hard Seed Flwrs Leaf Leaf 
48 hr 96 hr 168 hr GRI=I= seed wt. • spk-1 len. width Stat. 

rG 48 hr 0.93- 0.92- 0.94- -0.18 -0.04 -0.23 0.05 0.09 -0.13 

96 hr 0.98- 0.99- 0.91- -0.16 -0.07 -0.33 -0.07 -0.05 -0.11 

168 hr 0.97- 0.99- 0.91- -0.13 -0.07 -0.30 -0.07 -0.04 -0.09 

GRI+ 0.99- 0.99- 0.98- -0.19 -0.01 -0.28 0.01 -0.07 -0.11 

Hard -0.23 -0.24 -0.23 0.24 -0.02 0.23 -0.14 -0.02 0.21 
seed 

Seed -0.04 -0.07 -0.08 0.01 0 0.11 0.48* 0.42* 0.70· 
wt. 

F1wrs -0.62* -0.60* -0.56* -0.63* 0.46* 0.22 0.15 0.03 0.28 
• spk-1 

Leaf -0.19 -0.18 -0.18 -0.24 -0.21 0.89- 0.09 0.37* 0.47* 
len. 

Leaf -0.52* -0.58* -0.59* -0.50* -0.32 0 0.61* 0.74- 0.18 
width 

Stat. -0.18 -0.15 -0.13 -0.18 0.28 0.79- 0.39 0.82- 0.82-

+ Phenotypic correlations above diagonal, genotypic correlations below diagonal • 
...l.. denotes Germination Rate Index. ,... 

*, ** denote significance at PSO.05 and PSO.01, respectively. 

Ul 
0\ 
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wi th leaf length (0. 89) and stature (0.79), but showed no 

association with leaf width. The ro for leaf length and leaf 

width was highly significant (0.74). Genetic correlations 

among forage traits were all highly significant. 

Progeny showed a significant rp only for leaf length 

and width (0.44), and significant genetic correlations for 

leaf length with leaf width (0.57) and stature (0.65) (Table 

17). The rp for leaf length and leaf width was stronger for 

progeny (0.44) (Table 17) than the parents (0.37) (Table 16), 

while the converse was observed for the corresponding ro 

estimates, 0.57 and 0.74 for progeny and parents , respectively 

(Tables 16 and 17). 

Tucson 

Phenotypic correlations among germination parameters 

were highly significant. among parental clones (Table 18). 

Phenotypic correlations of germination rate index (GRI) with 

other germination parameters were lower at Tucson than at 

Safford. Hard seed and seed weight showed highly significant 

phenotypic correlations (negative and positive, respectively) 

with germination parameters (Table 18), unlike those rp 

estimates at Safford (Table 16). Germination parameters were 

not phenotypically correlated with flowers· spike-1 or forage 

traits. Seed weight, in contrast, showed significant 

phenotypic associations with flowers·spike-1 and forage traits. 
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Table 17. Phenotypic (rp) and genotypic (ra) correlations+ of 
measured characters on progeny of mesquitegrass 
(Hilaria belangeri) grown at Safford, AZ in 1990. 

rp 

Leaf Leaf Flowers· 
length width Spread spike-l 

ra Leaf 0.44* 0.31 0.29 
length 

Leaf 0.57* 0.13 0.17 
width 

Spread 0.65* 0.14 0.33 

Flowers -0.32 0 0 
• spike-l 

+ phenotypic correlations above diagonal, 
genotypic correlations below diagonal. 

* denotes significance at P~0.05. 



Table 18. Phenotypic (rp) and genotypic (ra) correlations+ of traits measured on clones 
of mesquitegrass (Hilaria belangeri) grown at Tucson, AZ in 1990. 

rp 

Hard Seed Flwrs Leaf Leaf 
48 hr 96 hr 168 hr GRI+ seed wt. • spk-1 len. width Stat. 

rG 48 hr 0.96- 0.95- 0.89- -0.50* 0.36* -0.10 0.21 0.03 0.19 

96 hr 0.98- 0.99- 0.83- -0.52* 0.36* -0.04 0.28 0.07 0.22 

168 hr 0.97- 0.99- 0.82- -0.50* 0.34* -0.05 0.27 0.07 0.21 

GRI+ 0.91- 0.80- 0.77- -0.39* 0.41* -0.03 0.15 0 0.16 

Hard -0.82- -0.78- -0.77- -0.70- -0.10 0.19 -0.22 -0.22 -0.10 
seed 

Seed 0.51* 0.50* 0.49* 0.60* -0.12 0.31* 0.54* 0.31* 0.51-
wt. 

F1wrs -0.10 0.07 0.05 -0.09 0.15 0.51* 0.36* 0.06 0.34* 
• spk-1 

Leaf 0.67* 0.77* 0.76* 0.44* -0.30 0.85- 0.85- 0.32 0.61* 
len. 

Leaf -0.18 -0.11 -0.18 -0.16 -0.34 0.68* 0 0.66- -0.10 
width 

Stat. 0.33 0.38 0.36 0.22 -0.06 0.64* 0.49* 0.85- 0.28 

+ Phenotypic correlations above diagonal, genotypic correlations below diagonal. 

=+: denotes Germination Rate Index. 

*, ** denote significance at PSO.05 and PSO.01, respectively. 

U1 
\0 
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Flowers.spike-l displayed weak but significant rp with 

leaf length and stature, 0.36 and 0.34, respectively, (Table 

18) • These correlations were not significant at Safford 

(Table 16). Leaf length was weakly associated with leaf 

width, and significantly correlated with stature. Stature and 

leaf width were not phenotypically correlated (Table 18). 

Phenotypic correlations among forages traits were similar for 

parental clones in both environments (Tables 16 and 18). 

Genotypic correlations among germination parameters 

were strong for parental clones at Tucson (Table 18). These 

estimates of ro are similar to those in Table 16, except that 

the ro estimates of germination parameters with GRI were 

slightly lower at Tucson. Hard seed and seed weight exhibited 

highly significant ro with germination parameters, negative 

and positive, respectively (Table 18). These ro were not 

significant at Safford (Table 16). Flowers·spike-l showed no 

significant genetic associations with germination parameters 

at Tucson (Table 18), unlike Safford. Germination parameters 

demonstrated significantly positive ro with leaf length. 

Hard seed showed no significant genotypic correlations 

wi th seed weight, flowers· spike-l , or any of the forage traits 

Table 18). Seed weight was positively genetically correlated 

with flowers ·spike-l and all three forage traits. 

Flowers· spike-l exhibited a highly significant (PSO. 01) 
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genotypic correlation with leaf length (0.85), and a 

significant ro with stature (0.49). Genotypic correlations 

among forage traits were significant with the ro between leaf 

width and stature as the exception (Table 18). The genotypic 

correlation between leaf length and width was stronger for 

clones at Safford (Table 16) than at Tucson (Table 18), while 

ro estimates for leaf length and stature were similar in both 

environments. 

For progeny at Tucson, the rp for leaf length and leaf 

width was not significant while its ro parallel (0.45) was 

significant (Table 19). This correlation was not as strong as 

that of the parental clones (0.66) grown at the same location 

(Table 18). Progeny displayed a significant ro for leaf width 

and stature (0.54) (Table 19), while the parents showed no 

genetic association between these two traits (Table 18). 

Although significant, many phenotypic correlations in 

Tables 16 through 19 were low «0.60). In instances such as 

this, the two traits can not be considered sufficiently 

associated to expect a large improvement in one trait while 

selecting for the other trait. 

Response to Selection 

The response to selection imposed upon a trait is 

predicted with the difference between the mean of the selected 

group and the population mean (aX), and h2
n • Three characters 
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Table 19. Phenotypic (rp) and genotypic (ro) correlations+ of 
measured characters on progeny of mesquitegrass 
(Hilaria belangeri) grown at Tucson, AZ in 1990. 

rp 

Leaf Leaf Flowers 
length width spread • spike-1 

ro Leaf 
length 0.38 0.39 0.28 

Leaf 
width 0.45* 0.13 0.18 

spread 0 0 0.28 

Flowers 
• spike-1 0 0.54* 0 

+ phenotypic correlations above diagonal, 
genotypic correlations below diagonal. 

* denotes significance at P~0.05. 
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(leaf length, spread, and flowers· spike-I) have valid h2
n 

estimates (Table 13), and their predicted responses at various 

selection levels are shown in Table 20. 

Selecting the bottom 12% of the individuals in the 

progeny generation, with an average leaf length of 20.7 mm, 

would be expected to lower the mean leaf length in the 

following generation by 5.3 rom (Table 20). Upward selection 

to increase leaf length could be practiced for forage 

improvement. Leaf width will follow the direction of 

selection for leaf length due to significant rp and ra 

estimates (Tables 16; 17, 18, and 19). Selection of the top 

5% of the progenies would be expected to increase spread in 

the next generation by 260% of the mean. Little response to 

selection would be expected in flowers· spike-I • 

. Summary 

Clearly, much of the variation in mesquitegrass is 

genetic. caution must be exercised with this statement as 

most of the traits had only h\ estimates calculated. These 

traits must be investigated for a number of years at various 

locations in order to obtain precise appraisals of h\. 

Additionally, limited conclusions can be drawn with regard to 

population improvement where VA has not been quantified. Only 

when Va equals VA can the performance of a selected individual 



Table 20. _Predicted responses to selection (Ga) based on the selection differentials 
(ax) and heritability estimates (h~) of measured characters in 1990 for 
mesquitegrass (Hilaria belangeri). 

Percent 
Character selected Xs Xp 

Leaf 3 17.5 37.8 
length (rom) 7 18.8 37.8 
(Safford) 12 20.7 37.8 

25 24.5 37.8 
48 29.0 37.8 

Spread (cm2) 2 600 63.0 
(Safford) 5 385 63.0 

18 200 63.0 

Flowers· 3 10.0 6.8 
spike-1 11 9.3 6.8 
(Tucson) 33 8.5 6.8 

+ ~ = Ixs - xpl 

9= G = ax-h2 
s n 

@ h2 
n 

20.3 0.31 
19.0 0.31 
17.1 0.31 
13.3 0.31 
8.8 0.31 

537 0.51 
322 0.51 
137 0.51 

3.2 0.30 
2.5 0.30 
1.7 0.30 

G9= s 

6.3 
5.9 
5.3 
4.1 
2.7 

274 
164 

70 

1.0 
0.8 
0.5 

% Xp 

16.7 
15.6 
14.0 
10.8 
7.0 

435 
260 
111 

14.7 
11.0 
7.0 

0'1 
.;:.. 
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(parental clone) be expected to correspond with the average 

performance of its progeny. 

Two important vegetative turfgrass traits are leaf 

length and spread. Of the two, spread will be the more easily 

and quickly improved due to its higher h2
n estimate. 

Shortening leaf length, and improving the rate that a plant 

encompasses an area with vegetation and roots are good 

inception points in the improvement of this species for turf 

uses. 



CHAPTER 3 

INFLUENCE OF MOWING HEIGHT AND NITROGEN LEVEL 
ON TURFGRASS QUALITIES OF MESQUITEGRASS 

Introduction 
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Mesquitegrass becomes a dominant grass species when 

the range is heavily grazed (Taylor, 1989; Gould, 1981; 

Humphrey, 1960; Hoover, 1939). Merrill and Young (1959) 

imposed clipping treatments (ground level, 2.5, 5 and 7.5 cm) 

at different frequencies (two week interval, four week 

interval, once yearly and twice yearly) on mesquitegrass to 

study changes in forage production and quality. They 

concluded that clipping mesquitegrass at 7.5 cm or higher, 

regardless of clipping frequency, greatly reduced its ability 

to continually produce forage. 

The inability to continually produce forage can be the 

manifestation of a general decline in the health of the sward. 

with respect to forage production and sustained yields (good 

general health of the sward), Merrill and Young (1959) 

concluded that clipping at 2.5 cm with a rest interval of 4 

weeks to 4 months was the most beneficial management practice. 

Al though limited research has examined the response of 

mesquitegrass to defoliation, currently however, no 

information exists in the literature concerning the effects of 

nitrogen rates on growth of this species. 
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The objective of this study was to investigate the 

effects of cutting heights and nitrogen levels on visually 

rated turfgrass qualities of mesquitegrass accessions 

differing in geographic origin. The hypothesis tested was 

that no differences existed among means of accessions, cutting 

treatments, or nitrogen treatments for the turfgrass qualities 

evaluated. 

Materials and Methods 

Plant Material 

Accessions of mesquitegrass were collected from five 

sites in southern Arizona on 27-28 March 1989. Accessions 

were chosen for this study after screening 90 land races 

during 1988. Origins and general descriptions of the selected 

accessions (1-1, 1-6, 9-4, 13-1, and 14-1) can be found in 

Appendix A. Tufts of plant material were extricated from the 

soil with a hand trowel, placed into a large plastic bag, 

watered with one litre of water and stored in an ice chest. 

Plants were transplanted 48 hours after being collected. 

Field site and Experimental Design 

The field plot for this experiment was located at the 

Campus Agricultural Center (CAC) at Tucson, AZ on a Pima sandy 

loam soil (mixed, thermic, Typic Torrifluvent). The 

experiment was sprinkler irrigated on an as needed basis. 
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The experiment used a RCB split-split plot design with 

four independent replications. Accessions, the whole plot 

factor, were split with cutting heights (5 cm, 10 cm, no cut), 

and these plots were further divided (50x75 cm sub-subplots) 

by nitrogen rates (0, 48, and 98 kg N ha-1 yr-1). Bare soil 

alleys (15 cm between sub-subplots, and 30 cm between 

accessions) were maintained throughout the experiment. 

Management Practices 

Applications of nitrogen [TUrf Royale (21-7-14)] were 

made on 6 June 1989 and 13 July 1990. Micronutrients (Peter's 

Soluble Trace Elements Mixture at 8 mg L-1 m-2) were fo1iar1y 

applied to the entire study site on 2 April 1989 due to an 

extreme chlorosis problem. cutting treatments in 1989 began 

on 3 July and terminated 17 October, usually with two weeks 

between cuttings. In 1990, cutting treatments began on 17 

July and occurred weekly until 16 October. No cut plots were 

cut to 10 cm on the last mowing of each year. 

Visual ratings of turfgrass qualities and dates of 

rating are shown in Table 21. Typically in turf, color rating 

scores less than 6 are considered unacceptable. For this 

research, the minimum level of acceptability for color was 

assigned a rating score of 5. 
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Table 21. Dates of visual ratings+ performed on mesqui tegrass 
(Hilaria belangeri) accessions vegetatively 
established 29 and 30 March 1989 at Tucson, AZ. 

Rating # 

Ground 
Date Cover (%) Color 

5 Jul. 1989 1 1 

16 Aug. 1989 2 2 

16 Nov. 1989 3 3 

3 Mar. 1990 4 4 

3 Jul. 1990 5 5 

24 Jul. 1990 6 6 

16 Oct. 1990 7 7 

12 Dec. 1990 8 

8 Mar. 1991 9 

+ visual estimates of a) the percentages 
of plot covered with vegetation, and b) 
color (1- light green, 9- dark green). 
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statistical Analysis 

statistical analyses, ANOVAs, ini tially were 

conducted as RCB split-split plot with repeated samplings 

in Time. The factor Time showed significant interactions 

with all components in the model, therefore ANOVAs by 

Time were performed. significance of accessions or 

management practices on the visual ratings in Table 21 

was determined with the ANOVA modelled in Table 22. 

Analysis of variance was performed using SAS (SAS, 1991). 

Means of ground cover, and color (averaged across all 

respective ratings) were computed for accessions, 

cutting, and nitrogen treatments. These 'grand' means 

were subjected to ANOVA (Table 22). Factor means were 

separated by LSD tests. In situations of significant 

interactions, LSD tests were performed after synthesis of 

the appropriate degrees of freedom using Satterthwaite's 

procedure (Lenter and Bishop, 1986). 

Results and Discussion 

Color 

Color ratings over time for accessions (averaged 

across cutting and nitrogen treatments), cutting heights 

(averaged across accessions and nitrogen treatments), and 

nitrogen treatments (averaged across accessions and 

cutting treatments) are shown in Figs. 1, 2, and 3. 
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Table 22. split-split plot design ANOVA for the Cultural 
Practices Experiment performed on mesquitegrass 
(Hilaria belangeri). 

Source of Variation 

Total 

Main plot 
Accession (ACN) 
Rep 

ACNxR (main plot error) 

subplot 
Cutting Height (CH) 

ACNxCH 
CHxR (ACN)+ 

Sub-subplot 
Nitrogen (N) 

ACNxN 
CHxN 
ACNxCHxN 

Error=F 

df 

179 (ACNxRxCHxN)-l 

4 
3 

12 (ACN-1) (R-1) 

2 
8 (ACN-1) (CH-1) 

30 (R-1) ACN (CH-1) 

2 
8 (ACN-1) (N-1) 
4 (CH-1) (N-1) 

16 (ACN-1) (CH-1) (N-1) 

90 (R-1) ACNxCH (N-1) 

+ subplot error = (RxCH) + (RxACNxCH) 

=F sub-subplot error = (RxN) + (RxACNxN) + (RxCHxN) + (RxACNxCHxN) 
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Fig. 1. Color ratings averaged across cutting and nitrogen 
treatments over time for accessions of mesquitegrass 
(Hilaria belangeri). Color ratings within a date 
followed by the same letter are not signigicantly 
different (P~O.05). Color ratings occurred on the 
dates in parentheses. Arrows indicate fertilizer 
applications. Horizontal line at Color rating 5 shows 
the minimum level of acceptability. 
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Fig. 2. Color ratings averaged across accessions and nitrogen 
treatments over time for cutting treatments on 
mesquitegrass (Hilaria belangeri). Color ratings 
within a date followed by the same letter are not 
signigicantly different (PSO.05). Color ratings 
occurred on the dates in parentheses. Arrows indicate 
fertilizer applications. Horizontal line at Color 
rating 5 shows the minimum level of acceptability. 
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Fig. 3. Color ratings averaged across accessions and cutting 
treatments for nitrogen treatments on mesquitegrass 
(Hilaria belangeri). Color ratings within a date 
followed by the same letter are not signigicantly 
different (PSO.05). Color ratings occurred on the 
dates in parentheses. Arrows indicate fertilizer 
applications. Horizontal line at Color rating 5 shows 
the minimum level of acceptability. 
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Color ratings in each figure follow the same general 

(seasonal) pattern over time. The consistent increase in 

color ratings from 3 July to 24 July 1990 was the result of 

increasing soil temperatures, and the 13 July 1990 

fertilization which may have moved laterally to control plots. 

Significant differences existed among accessions at 

every color rating except 5 July 1989 (Fig. 1). As accessions 

went dormant color ratings fell below the acceptable level (16 

Nov. 1989), and remained unacceptable into July 1990. This 

poor color extended too long into the growing season. 

Although significant differences among accessions existed at 

the 24 July 1990 rating, all color ratings were considered 

acceptable. Accession 14-1 displayed acceptable color into 

October 1990. 

The no cut treatment exhibited consistently lower 

color ratings than the other two cutting heights, barring the 

ratings in July 1990 (Fig. 2). The no cut treatment had a 

significantly lower color rating in October 1990 compared to 

the other two cutting treatments, which were rated as 

acceptable. Generally, the 5 and 10 cm heights of cut were 

similar, the one major difference occurring at the 24 July 

1990 rating. 

Expectedly, the plots receiving the highest nitrogen 

rate (96 kg ha-I yr-I ) usually had higher color ratings, whether 
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significant or not, compared to the other two nitrogen 

treatments (Fig. 3). Color ratings of all nitrogen treatments 

were elevated to acceptable from 3 July to 24 July 1990. Even 

though the control (0 kg N ha-1 yr-1) was lowest at the 24 July 

color rating, one might have expected an even lower rating for 

this treatment. Although care was taken to restrict the 

fertilizer application (13 July 1990) to the appropriate 

plots, lateral movement of nitrogen through the soil to 

adjacent plots may have occurred. 

Analysis of variance for the 'grand' color rating mean 

(across all seven color ratings) is shown in Table 23. The 

factors cutting height and nitrogen were highly significant 

(PSO.0001). Significant (PSO.05) interactions of importance 

were noted for accessions and cutting heights, and accessions 

and nitrogen treatments. 

The mean color rating of the 10 cm cutting height had 

the only acceptable rating among the cutting treatments (Table 

24) • The no cut treatment had the lowest average color 

rating, which differed significantly from the other two 

cutting treatments. The average color rating of the 96 kg N 

ha-1 yr-1 rate, although unacceptable, was significantly 

different than the remaining two color means. 

wi thin accessions, the no cut treatment displayed 

significantly lower color ratings than the other cutting 
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Table 23. Analysis of variance for the mean Color rating+ of 
mesquitegrass (Hilaria belangeri). 

Mean 
Source of variation df Square F Value P > F 

Total 179 

Accession (ACN) 4 0.215 0.69 0.61 

Rep (R) 3 0.506 1.62 0.24 

ACNxR 12 0.313 6.74 0.0001 *** 
cutting Height (CH) 2 2.08 28.06 0.0001 *** 

ACNxCH 8 0.19 2.60 0.03 * 
CHxR (ACN) 30 0.07 1.60 0.05 * 

Nitrogen (N) 2 0.59 12.73 0.0001 *** 
ACNxN 8 0.10 2.16 0.04 * 
CHxN 4 0.04 0.85 0.50 

ACNxCHxN 16 0.04 0.90 0.57 

Error 90 0.05 

+ Color rating averaged across all color ratings. 
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Table 24. Mean separations for average Color rating within 
cutting and nitrogen treatments of mesquitegrass 
(Hilaria belangeri). 

Factor 

cutting height 

5 cm 

10 cm 

no cut 

LSD(o.oS) 

Nitrogen rate 

0 kg ha-1 

48 kg ha-1 

96 kg ha-1 

LSD(o.05) 

yr-1 

yr-1 

yr-1 

Color Rating 

4.8 b+ 

5.0 a 

4.6 c 

0.1 

4.7 b 

4.7 b 

4.9 a 

0.1 

+ means within a factor followed by the 
same letter are not significantly 
different at PSO.05. 
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heights, excluding accession 1-6 (Table 25). Two accessions 

(13-1 and 1-6) had acceptable color ratings in the 10 cm 

height of cut, while one accession (14-1) had an acceptable 

color rating in the 5 cm cutting height. 

Significant differences were apparent among accessions 

within cutting treatments (Table 25). Accession 14-1 had an 

acceptable average color rating at the lowest cutting height, 

while this cutting height did not favor accession 1-6. 

Accessions 13-1 and 1-6 demonstrated good color in the 10 cm 

cutting treatment. Accession 14-1 had the poorest mean color 

rating in the no cut treatment. 

Color ratings in the 48 and 96 kg N ha-l yr-l treatments 

did not differ significantly among accessions (Table 26). 

Acceptable average color ratings were not realized in the 

control and 48 kg N ha-l yr- l treatments. wi thin the control 

treatment, accessions 1-1 and 1-6 had significantly higher 

average color ratings than accession 9-4. 

Ground Cover 

Ground cover (%) ratings over time for accessions 

(averaged across cutting and nitrogen treatments), cutting 

heights (across accessions and nitrogen treatments), and 

nitrogen treatments (averaged across accessions and cutting 

treatments) are shown in Figs. 4, 5, and 6. Ground cover data 
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Table 25. Mean separations for average Color rating within 
accessions among cutting heights, and among accessions 
within cutting heights for mesquitegrass (Hilaria 
belangeri) • 

cutting heights 

Accession 5 cm 10 cm no cut 

(color rating) 

14-1 5.0 a+ 4.9 a 4.4 b 
(a) =1= (ab) (b) 

13-1 4.S b 5.1 a 4.6 c 
(ab) (a) (ab) 

1-1 4.9 a 4.9 a 4.7 b 
(ab) (ab) (a) 

1-6 4.7 b 5.1 a 4.7 b 
(b) (a) (a) 

9-4 4.S a 4.S a 4.5 b 
(ab) (b) (ab) 

+ means within a row (accession) followed by 
the same letter are not significantly 
different P~O.05. LSD(o.oS) = o. 19 • 

=1= means within a column (cutting height) 
followed by the same letter in parentheses 
are not significantly different P~0.05. 
LSD(o.oS) = O. 27 • 
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Table 26. Mean separations for average Color rating within 
accessions among nitrogen treatments, and among 
accessions within nitrogen treatments for 
mesquitegrass (Hilaria belangeri). 

Nitrogen treatment+ 

Accession o 48 96 

14-1 

13-1 

1-1 

1-6 

9-4 

+ 

§ 

kg ha-1 yr-1 

4.7 b9= 
(ab) § 

4.7 b 
(ab) 

4.9 a 
(a) 

4.8 a 
(a) 

4.5 b 
(b) 

(color rating) 

4.7 b 
(a) 

4.8 b 
(a) 

4.7 b 
(a) 

4.9 a 
(a) 

4.7 a 
(a) 

4.9 a 
(a) 

5.0 a 
(a) 

5.0 a 
(a) 

4.8 a 
(a) 

4.8 a 
(a) 

means within a row (accession) followed by 
the same letter are not signif icantly 
different P~O. 05. LSD(o.oS) = 0.15. 

means within a column (nitrogen treatment) 
followed by the same letter in parentheses 
are not significantly different P~0.05. 
LSD(o.oS) = O. 27 • 
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Fig. 4. Ground cover (%) ratings averaged across cutting 
and nitrogen treatments over time for accessions of 
mesqui tegrass (Hilaria belangeri). Ground, cover 
ratings within a date followed by the same letter are 
not signigicantly different (PSO.05). Ground cover 
ratings occurred on the dates in parentheses. Arrows 
indicate fertilizer applications. 
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Fig. 5. Ground cover (%) ratings averaged across accessions 
and nitrogen treatments over time for cutting 
treatments on mesquitegrass (Hilaria belangeri). 
Ground cover ratings within a date followed by the 
same letter are not signigicantly different (PSO.05). 
Ground cover ratings occurred on the dates in 
parentheses. Arrows indicate fertilizer applications. 
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Fig. 6. Ground cover (%) ratings averaged across accessions 
and cutting treatments over time for nitrogen 
treatments on mesquitegrass (Hilaria belangeri). 
Ground cover ratings within a date followed by the 
same letter are not signigicantly different (PSO.05). 
Ground cover ratings occurred on the dates in 
parentheses. Arrows indicate fer'cilizer applications. 
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in all the figures follow the fluctuations of peaks during the 

growing seasons and declines from autumn to spring. 

Significant differences in ground cover were apparent 

among accessions at all ratings (Fig. 4). Accession 9-4 

maintained high ground covers through the experiment until the 

8 March 1991 rating. Accession 14-1, performed well in 1989 

but suffered severe winter-kill into 1990. Generally, 

accession 14-1 had the lowest ground cover ratings throughout 

1990. 

The ground cover curves for the 5 and 10 cm cutting 

treatments followed each other closely (Fig. 5). After 20 

weeks, the no cut treatment achieved 70% ground cover, 

significantly greater than the two cutting treatments. Ground 

cover in all treatments fell to approximately 40% at the 3 

March 1990 rating. The no cut treatment exhibited slow 

regrowth from the 3 March to 3 July 1990 rating. After 

fertilization on 13 July 1990, the no cut plots had equivalent 

ground cover compared to the two cutting treatments until the 

12 Dec. rating. When growth resumed in March 1991, the ground 

cover of the no cut treatment was significantly lower than 

those of the 5 and 10 cm cutting treatments. 

Ground cover ratings in 1989 for the 96 kg N ha-1 yr-1 

treatment were significantly greater than the control and 48 

kg N ha-1 yr-1 treatments (Fig. 6). After the application of 
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nitrogen in 1990, however, no differences existed among 

nitrogen treatments with respect to ground cover. As with 

color ratings in late 1990, this may have resulted from 

lateral movement of nitrogen to adjacent plots. 

The ANOVA for the mean ground cover rating showed 

significance in cutting heights (PSO.05) , and nitrogen 

treatments (PSO.001) (Table 27). Also significant was the 

three-way interaction of ACNxCHxN. 

Average ground covers for the 10 cm and no cut 

treatments, and the 5 cm and no cut treatments were not 

statistically significantly different (Table 28). Visually, 

however, the 10 cm cutting height plots had a more aesthetic 

and uniform appearance than the no cut plots. Though 

statistically different with respect to average ground cover, 

the 5 and 10 cm cutting heights had comparable uniformity and 

aesthetic quality. 

Average ground cover means for accessions within the 

5 cm cutting height generally were highest in the 96 kg ha-1 

yr-1 nitrogen treatment (Table 29). One accession, 9-4, had an 

average ground cover greater than 70% within the 5 cm cutting 

treatment, but only in the highest nitrogen treatment. within 

the 10 cm cutting treatment, no accessions had an average 

ground cover exceeding 70% within the control nitrogen 

treatment. Two accessions, 13-1 and 9-4, achieved mean ground 
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Table 27. Analysis of variance for the mean Ground cover 
rating+ of mesquitegrass (Hilaria belangeri). 

Mean 
Source of Variation df Square F Value P > F 

Total 179 

Accession (ACN) 4 1237.3 2.35 0.11 

Rep 3 745.2 1.41 0.28 

ACNxRep 12 527.0 7.78 0.0001 *** 
cutting Height (CH) 2 836.8 3.33 0.05 * 

ACNxCH 8 158.3 1.26 0.30 

CHxRep (ACN) 30 125.8 1.86 0.01 ** 
Nitrogen (N) 2 538.2 7.95 0.001 *** 

ACNxN 8 86.3 1.28 0.26 

CHxN 4 121.0 1.79 0.14 

ACNxCHxN 16 131.3 1.94 0.03 * 
Error 90 67.7 

+ averaged across all ground cover ratings. 

*, ** and *** denote significance at PSO.05, PSO.01 
and PSO.001, respectively. 
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Table 28. Mean separations for average Ground cover ratings 
of cutting and nitrogen treatments on mesquitegrass 
(Hilaria belangeri). 

Factor 

cutting height 

5 cm 

10 cm 

no cut 

LSD(o.oS) 

Nitrogen rate 

0 kg ha-1 

48 kg ha-1 

96 kg ha-1 

LSDco.o5) 

yr-1 

yr-1 

yr-1 

Ground cover (%) 

56.8 b+ 

62.0 a 

60.0 ab 

4.1 

56.6 b 

58.7 b 

62.3 a 

3.0 

+ means wi thin a factor followed by the same 
letter are not significantly different at 
PSO.05. 



Table 29. Average Ground cover means of Accessions within cutting heights and nitrogen 
treatments. For any two means LSD(o.o5) = 16.1. 

5 cm 

Accessions 0 48 96 

14-1 38 56 68 

13-1 56 58 65 

1-1 49 43 57 

1-6 52 48 53 

9-4 68 68 73 

+ kg N·ha-1·yr-1• 

cutting heights 

10 cm 

Nitrogen treatments+ 

0 48 96 

55 48 61 

59 71 70 

58 61 55 

65 60 60 

61 74 73 

no cut 

0 48 

56 47 

62 65 

59 58 

55 58 

57 65 

96 

49 

66 

59 

63 

66 

(» 

\0 
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covers greater than 70% in both the 48 and 96 kg N ha- l yr- l 

treatments within the 10 cm cutting treatment. within the no 

cut treatment, the same two accessions had the highest average 

ground covers within the 48 and 96 kg N ha-l yr-l treatments. 

No accession exceeded 70% average ground cover at any nitrogen 

rate within the no cut treatment. 

It is not known if the accumulation of vegetation and 

flowering culms prohibited sunlight from reaching the 

subtending green tissue, or resulted in an alleopathic 

reaction with photosynthesizing tissue. It is evident, 

however, that mesquitegrass must be cut in order to maintain 

good general health and perennial growth as a turfgrass sward. 

This reflects the results of Merrill and Young (1959), 

confirming that defoliation is an essential component in the 

proper management of mesquitegrass. 

Summary 

The results of this experiment demonstrated that 

mesquitegrass plants, unimproved genetically with respect to 

turfgrass traits and use, from various geographical locations 

can display acceptable color and ground cover when subjected 

to turfgrass cultural practices. Also evident was that some 

plants exhibited better turfgrass qualities than others at low 

fertility levels and cutting heights, and that other plants 

required higher levels of cultural intensity to manifest a 
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healthy sward. This finding 'opens the door' to selection for 

plants that respond well to minimum maintenance management 

practices. In essence, this experiment facilitated the 

screening and selection of plants capable of withstanding 

turfgrass management practices. Superior plants, with respect 

to high density sod formation, were added to the 'foundation' 

turfgrass breeding population. 

The underlying objective of this experiment was to 

formulate a cultural management program to sustain perennial 

growth for this species. The ultimate goal would be to 

maintain good color and high ground cover with no supplemental 

fertilization for all turf uses after establishment by 

seeding. In turf, as cultural management increases, the 

height of cut decreases. This effectively increases canopy or 

aerial shoot density. As the potentials for turfgrass use 

vary for this species, (in order of increasing cultural 

intensity) road sides, air fields, cemeteries, parks, school 

yards, home lawns and golf course roughs, there is no best 

management program for this grass. 

This research demonstrated that good color can be 

achieved at very low nitrogen rates, but not at zero nitrogen. 

Higher color ratings undoubtedly could be attained at greater 

nitrogen levels than were tested. cutting is necessary to 

sustain healthy, attractive turf. Even on road sides, the 

grass would have to be mowed to maintain good health. 



92 

Finally, this grass can tolerate cutting heights as low as 5 

cm, but a 10 cm height of cut resulted in greater ground 

cover. Mesquitegrass has the potential to be treated and 

considered as a turfgrass for arid regions. 



CHAPTER 4 

INFLUENCE OF SEEDING DATES AND RATES ON SEEDLING 
ESTABLISHMENT AND GROUND COVER OF MESQUITEGRASS 

Introduction 
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Establishment by seeding will facilitate acceptance, 

and commercial production of a grass. Keys to the success of 

a grass as a turfgrass are ease and economy of establishment 

(Burton, 1969; Funk, 1981; Masson and Bourgoin, 1985; Vogel et 

al., 1989). A current trend in turfgrass breeding programs is 

the development of varieties that are established by seeding. 

Burton (1969) pointed out that breeding programs to develop 

seeded varieties are more expensive than vegetative breeding 

programs. This expense, however, is compensated by the fact 

that establishment by seeding is far less costly than by 

vegetative means (Burton, 1969). 

Materiais and Methods 

Seed Source and Field site 

Seed harvested in 1988 from plants grown at the CAC in 

Tucson was bulked for use in 1989. The study site was 

established on a Pima loamy sand soil (mixed, thermic, Typic 

Torrifluvent) at the CAC. Plots were raked and leveled prior 

to seeding. Seed, cleaned from the fascicle, were planted at 

rates of 1 and 2 gm into 1 m2 plots on 1 June, 1 July, and 1 
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Aug. 1989. Seeded plots were raked, rolled, and watered 

immediately after planting • 

. watering Schedule 

watering via sprinkler irrigation occurred for 2 

minutes, 6 times daily for the first week, for 3 minutes 3 

times every other day for the second week, and for 3 minutes 

3 times 3 days weekly for the third and fourth weeks. This 

schedule was followed for each seeding date treatment. 

Experimental Design and statistical Analysis 

This experiment used three replications in a RCB split 

plot design in time. Seeding date was the main plot factor 

and seeding rate the split plot factor. Seedling counts for 

each seeding rate were performed on 1 July, 1 Aug., and 1 Sep. 

1989 for the June, July, and August planting dates, 

respectively. Colored tooth picks were placed in the soil 

next to seedlings to detect staggered germination. Percent 

ground cover data were collected on 20 Nov. 1989. 

Significance of seeding dates and rates on seedling 

establishment, and ground cover was determined with ANOVA. 

The relationship between ground cover and days after seeding 

was determined using linear regression analysis. 



Results and Discussion 

Seedling Establishment 
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The ANOVA showed no significant (PSO.05) differences 

in number of seedlings established among main plots of seeding 

dates (Table 30). Significant differences (PSO.01) in the 

number of seedlings established existed between seeding rates. 

Also significant (PSO.05) was the interaction between seeding 

date and seeding rate (Table 30). 

Because of the significant DxS interaction, ANOVA of 

seeding rates by seeding dates was performed. Means of the 

number of seedlings established for seeding rates wi thin 

seeding dates were significantly (PSO.05) different on the 

July seeding only (Table 31). Coefficients of variation 

within seeding dates generally were high. 

The seeding rates equate to approximately 1500 and 

3000 seed m-2 • These values were calculated based on an 

average weight of 100 seed being 64 mg. Establishment 

percentages, determined by dividing the number of seedlings 

established by the number of seed m-2 for seeding rates wi thin 

seeding dates (Table 31), appear to be extremely low. One 

possible explanation for this may be that seeds were foraged 

by birds or ants. 
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Table 30. Analysis of variance for number of seedlings 
established for mesquitegrass (Hilaria belangeri) in 
the 1989 Seeding study. 

Source of 
variation 

Total 

Seeding Date (D) 

Rep (R) 

DxR+ 

Seeding Rate (S) 

DxS 

Error=F 

+ Error A 

df 

17 

2 

3 

4 

1 

2 

6 

+ Error B = (DxR) + (DxRxS) 

Mean 
Square 

754.4 

16.7 

196.4 

1476.1 

502.4 

78.6 

F value 

3.84 

0.21 

2.50 

18.78 

6.39 

P > F 

0.12 ns§ 

0.81 ns 

0.15 ns 

0.01 ** 

0.03 * 

§ ns, *, and ** denote non-significance, and significance 
at PSO.05 and PSO.01, respectively. 



97 

Table 31. Mean separations of average number of seedlings 
established for seeding rates of mesquitegrass 
(Hilaria belangeri) within seeding dates in the 1989 
Seeding Study. 

Seeding rate 

1 gm mo2 

2 gm mo2 

LSD(o.o5) 

CV (%) 

Seeding date 

June July August 

(number of seedlings) 

8.3 a+ 17.0 a 44.3 a 

7.0 a 

12.3 

46 

37.7 b 

11.2 

12 

9.3 a 

51.0 

54 

+ means in a column followed by the same letter 
are not significantly different (PSO.05). 
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Ground Cover 

No differences in ground cover existed between seeding 

rates (Table 32). Therefore, seeding rate data were pooled 

for regression analysis over Time (days after seeding). The 

relationship between ground cover and days after seeding was 

highly significantly linear (Fig. 7). Not surprisingly, the 

longer the growing season (days after seeding) the greater the 

ground cover. caution must be exercised when extrapolating 

beyond actual data. According to the equation of best fit, 

however, a growing season of 200 days could allow for ground 

cover to exceed 80% at these seeding rates (Fig. 7). To have 

a 200 day growing season ending at the close of October, 

seeding would have to be performed in mid April. 

Seedlings of mesquitegrass were recognizable 11 days 

after planting for each planting date and seeding rate. 

Finally and unexpectedly, staggered or delayed germination was 

not evident during this study. After six weeks it was 

difficult to recognize original individual seedlings because 

of prolific stolon production. In June 1991 at Safford, AZ, 

a mesquitegrass plot was seeded with unprocessed seed (seed 

contained in the fascicle). Seedlings emerged seven days 

after sowing. Under the proper field conditions, germination 

and emergence can be rapid. Many seedlings at the Safford 

plot had stolons four weeks after sowing. 
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Table 32. Analysis of variance for Ground cover (%) for the 
mesquitegrass (Hilaria belangeri) Seeding Study in 
1989. 

Source of Mean 
Variation df Square F value P > F 

Total 17 

Seeding Date (D) 2 3193.1 13.25 0.02 * 
Rep (R) 2 584.7 2.48 0.16 ns 

DXR+ 4 241.0 1.02 0.47 ns 

Seeding Rate (S) 1 12.5 0.05 0.83 ns 

DxS 2 429.2 1.82 0.24 ns 

Error=F 6 

+ Error A 

=f= Error B = (DxR) + (DxRxS) 

§ ns, *, and ** denote nonsignificance, and significance 
at PSO.05 and PSO.01, respectively. 
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Fig. 7. Relationship between Time (days after seeding) and 
Ground Cover (averaged over seeding rates) for 
mesquitegrass (Hilaria belangeri). ** denotes 
significance (PSO.01). 
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Summary 

It should be stressed that this experiment was a 

starting point for seeding investigations as no other research 

has investigated establishment of mesquitegrass by seeding. 

Earlier seeding dates must be investigated. Seeding rates in 

this study were low (10 to 20 kg ha-1) by commercial standards 

for warm season grasses. 

bermudagrass is 75 kg ha-1 • 

An average seeding rate for 

Experiments of this nature must be 

conducted for a number of years at various locations (on sites 

similar to the conditions of end use). 
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CHAPTER 5 

RESEARCH SUMMARY AND CONCLUSIONS 

Much of the variation in this species is genetic 

(Chapter 2), and therefore, mesqui tegrass appears to have 

great potential to be improved for use as a low maintenance 

turfgrass and soil stabilizing ground cover. Breeding 

procedures that capitalize on additive genetic variation 

should allow for progress in important turfgrass traits. The 

results of the Cultural Practices Experiment (Chapter 3) 

demonstrate that mesqui tegrass can perform well (display 

acceptable color, high ground cover, and good uniformity) 

under turfgrass management practices. Lastly, it is now known 

that this species can be established by seeding (Chapter 4), 

and good ground cover can be achieved in one season at low 

seeding rates. 

It seems likely that this grass would be accepted as 

a home lawn or golf course rough turf. A major genetic break

through would be needed to take this species to I fairway I 

turf, such that this circumstance seems unlikely. Many 

factors will influence the success of this species as a 

turfgrass, with the two major factors being a) physical and 

political water use pressures and b) continued funding and 

financial support. 
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The components and mathematical procedures for 

determining the standard error of a component of variance are 

outlined as described by Wricke and Weber (1986). 

variance 
source d.f. m.s. E(m.s.) component 

genotypes EJ = g - 1 mJ 02 + r(02, + 02",) S2 = , (mJ - m3) / r 

blocks E2 = r - 1 m2 

error E3 = EJ 
. E2 m3 02 S2 = m3 

The variance of a mean square (m l ) is determined by 

Therefore, the variances for the mean squares of genotypes and 
error (V(S2g) and V(S2), respectively) are 

and 

Standard errors then are determined by computing the square 
roots of V(S2g) and V(S2) such that 

and 
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COLLECTION LOG: COLLECTIONS OF 
HILARIA BELANGERI IN ARI ZONA 
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Most of the plant material described herein is not 

currently maintained as established plots of distinct 

identity. This appendix serves only as a guide to resecuring 

plant material identified as 'desirable' for some given 

characteristic. Accession numbers are given with the county 

of origin first, a brief description of the location, followed 

by the actual accession and plant sample number. 

Accession 

1 Pima Co. Arivaca, AZ. Reference point (rp)=Marley 
Cattle Co. sign going to Arivaca on Arivaca Road. 

1-1 2.3 miles after rp, on right side of road. 
Heavily grazed area on open range, a large 
patch but not a totally thick sod. Good 
stolon formation. 

1-2 Actually collected from the Noon Ranch in Oro 
Blanco, AZ ( sort of in between Ruby, and 
Arivaca, AZ). Cobbly soil. All 1-2 plants 
are clones from the sole survi vor of the 
collection trip. Heavily grazed. No where 
near reference point. 

1-3 5.7 miles after rp on a steep 
the right side of the road. 
ability. 

short hill on 
Good clinging 

1-4 10 miles after rp on right side of road after 
a wash. Heavily grazed and trampled. Small 
thick patches. 

1-5 13.4 miles after rp on left side of road, on 
a cut off/steep small hill. 



1-6 14.1 miles after rp. A giant patch on both 
sides of the road. The road is going around 
a big curve up a hill. A very solid stand, 
heavily grazed. 
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2 santa Cruz Co. Sonoita, AZ (reference point is the 
junction of State Highways #82 & #83). 

2-1 1 mile west of rp on #82 on the north side of 
road on one of the hills. Southern exposure. 

2-2 1 more mile west on #82, (mile post 30) again 
on the north side of the road on a hill with 
southern exposure. 

2-3 0.5 more miles west on #82. North side of 
road. 

2-4 [North on #83. There is a telephone pole on 
the east side of #83 just after the junction 
of #82 & #83.] 

0.3 miles north of #82 on #83, east side of 
the road under and all around the telephone 
pole. A rather extensive patch going over 
the fence into the field. 

2-5 1 mile north of #82 on #83 on the east side 
of the road. 

2-6 2.2 miles north of #82 on #83. On the east 
side of the road, up on the hill. 

3 Santa Cruz Co. Patagonia, AZ. 

3-1 Go through Patagonia. After the 'Nogales' 
sign near a no passing zone, on the south 
side of the road up on a hill. Grazed. 

3-2 1 mile from 3-1, on the south side of the 
road up on a hill. Grazed. 

3-3 1 mile from 3-2, on the south side of the 
road up on a hill. Grazed. 



3-4 Mile post 21 on #82 near Patagonia city 
Limits ,heading toward Nogales), on the north 
side of road over the fence on grazed area. 

3-5 Heading to Nogales, 0.2 of a mile before mile 
post 17 on the south side of the road up on 
the hillside. Grazed area. 
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4 Cochise Co. Heading to Huachuca city! Sierra Vista, 
AZ. 

4-1 

4-2 

4-3A 

4-3B 

4-4 

4-5 

4-6 

4··7 

Exit #300 off of I-10 E. Up on the hill on 
the south side of the highway. Very deep 
clay soil. Many plants possess good clinging 
ability. 

On state Highway #90, 0.4 miles south of I-
10, on the west side of the road at the pull 
off area. Scattered patches in front of and 
over the fence. Over the fence is grazed. 

5 miles south of I-10 on #90, on the west 
side of the road. 

Same location only on the east side of the 
road. 

Mile post 298, 8.3 miles south of I-10 on 
#90. On the east side of the road up on a 
hill. A cobbly clay soil. These plants 
maintained good color on the range in 
December. 

Mile post 308, 18.4 miles south of I-10 on 
#90 on the west side of the road near 
Whetstone, AZ. Growing through a patch of 
bermuda. This area was scraped for 
construction some time after the first 
collection visit. 

Travelling west on #82 toward Sonoita, AZ. 
3.7 miles west of #90 on #82. North side of 
the road, over in a heavily grazed area. 

Mile post 46 on #82, 5.5 miles west of the 
junction of #90 & #82, On both sides of the 
road. 



4-8 

4-9 

Mile post 44, 7.5 miles west of #90 on #82 

11.5 miles west of #90 on #82, near the Elgin 
turnoff. 
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5 Cochise Co. On the way to Bisbee, AZ on US Highway 
#80. On the hill at the north east corner of the 
junction of US Highway #80 and state Highway #90. 

5-1A South face of the hill at the bottom of the 
hill, a mixed batch of plant materials. 

5-1B South face of the hill only higher up on the 
hill than 5-1A. 

5-1 C, D, E 
North face of the hill, all small patches, 
each accession is probably a separate clone. 

6 Cochise Co. On US Highway #666 south, 
heading towards Douglas, AZ. 

6-1 Mile post 45 on #666 (sort of near Pearce, 
AZ). On the east side of the road. 

7 santa Cruz Co. Heading toward Nogales, AZ. on state 
Highway #82, after the Patagonia collections. 

7-1 19.6 miles west of #83 on #82 going to 
Nogales, AZ on the north side of the road. 

7-2 0.9 miles after mile post 15 on #82 on the 
south side of the road over the fence in a 
grazed area. 

7-3 0.1 of a mile before the 'Patagonia Lake 
state Park' sign. A large grazed area on the 
north side of the road in sandy clay soil. 

7-4 0.1 to 0.2 of a mile before the 'North River 
Rd' sign, at the 'No Passing Zone' sign. A 
heavily grazed area on the north side of 'the 
road. 

7-5 0.2 of a mile before 'Nogales City Limits' 
sign, on the north side of the road. 



108 

8 Pima Co. Gardener Canyon, AZ. (1-10 to state Highway 
#83 south). My thanks to Mr. Terry McGriff for this 
collection. 

8-1 4.4 miles from the entrance of GC at #83. A 
vast area on the hillside on the north side 
of the road. 

8-2 4.8 miles from the entrance of GC at #83. A 
vast area on the north side of the road. 

8-3 5.4 miles from the entrance of GC at #83. A 
vast area on the north side of the road. 

8-4 5.9 miles from the entrance of GC at #83. An 
area on the north side of the road. 

9 

9-1 

9-2A 

9-2B 

9-3 

Pima Co. Basically along the dirt road (Greaterville 
Road) that runs through the Coronado National Forest 
in the santa Rita Mtns. from state Highway #83 west 
through Greaterville/ Helvetia and on to Continental, 
AZ. 

Collected at the junction of 1-10 and Highway 
#83, coming up the ramp onto #83. There is a 
small pullout area on the west that has a 
cement pillar. Grazed area over the fence, 
on a cobbly sandy clay. 

Mile post 54 (100 yards after the milepost 
marker). One tuft of plant material on the 
west side of the highway. Very erectophile, 
found growing in sand. Not a grazed area. 
More than likely a clone. 

Found 20 ft. west of 9-2A, a super-high 
density plant (maybe Hbe var longifolia), 
probably a clone but not from a grazed area. 

0.5 miles west of #83 on Greaterville Rd., 
just as you are going around the first bend 
in the road. There is a hill on the north 
side of the road wi th a vast area of Hbe. 
The plant material from the hill is a good 
soil stabilizer, on the other side of the 
fence is heavily grazed. 



9-4 

9-5 

9-5B 

9-6 

4.5 miles west of #83. When travelling 
Greaterville Rd., bear left to 'Melendrez 
Pass', at the top of the hill, there is an 
incredibly large area of Hbe (acres of a very 
low growing phenotype) that forms a nice 
sward with low stature, short internodes and 
fine leaf texture. An excellent sod former. 

Keep on going south on the road, and when you 
come to a gate that appears to be private 
property, go left up a moderately steep hill. 
At the top of the hill is a graveyard. Plant 
materials were collected outside of the 
graveyard 'tolhere it was obvious that they had 
been run over by automobile tires (traffic 
tolerance) . Short plants with short 
internodes, and an excellent sod former. 

The Graveyard Accession. Collected inside 
the fencing of the graveyard at the top of 
the hill at the end of the road. 

Now we are back on the Greaterville Rd. going 
west to continental, AZ, approx. 0.5 miles 
after the ' Cattleman Co.' sign, after the 
second one lane bridge at the bottom of the 
canyon road. 
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10 Pima Co. Tucson Mountains/ Gates Pass, Tucson, AZ. 

10-1 

10-2 

10-3 

On Gates Pass Road approx. 1.5 miles past 
Scordatos Restaurant. On the east side of 
the road at the parking area before the 
parking area at Gates Pass. Growing in an 
incredibly hot cobbly volcanic soil way up on 
a hill facing south. 

On the west side of Gates Pass, park in the 
parking area at the bottom of the hill. 
South-southwest up the hill from the parking 
area is a rather extensive patch that is 
quite visible from the parking area. 

Collected at the~upper most part of the big 
10-2 patch. 



10-4 

10-5 

Head up the trail that is east of the parking 
area at the bottom of the hill on the west 
side of Gates Pass. Approx. 0.25 of a mile 
up the trail there are scattered patches. 

continuing on the trail actually in the jeep 
trail and to the right, 100-200 ft. down the 
trail where the David Yetmen Trail starts. 
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11 Pima Co. Oro Valley, AZ on the north side of the 
Catalina Mtns. 

11-1 

11-2 

11-2B 

11-3 

Oracle Rd. north to Oro Valley, AZ. Before 
you get to the Canada del Oro pull off the 
road near a bunch of corals for horses. Look 
around, there is a trail to the east
southeast. Approx. 0.5 miles up the trail 
(south of Canada del Oro) there are scattered 
patches between the rocks on very steep rocky 
slopes. 

0.5 of a mile further on this trail, again, 
very steep rocky habitat. 

50 ft. more down the trail, this plant 
material was growing in a very thick dense 
patch. 

20ft. further down the trail on the first 
switchback, a very dense patch in a very 
rocky area on very, very steep terrain. 

12 Pima Co. Madera Canyon, santa Rita Mtns. 

12-1 Mile post 10 going into Madera Canyon, on the 
west side of the road, grazed. 

12-2 Approx 0.8 miles past 12-2 on the west side 
of the road. Small very thick soddy patches 
growing in gravelly clay. 



13 Pinal Co. Oracle Junction, AZ. 

13-1 On state Highway #77 east of Oracle Junction, 
0.5 miles before mile post 106, on the north 
side of the road. This is a relatively 
extensive patch scattered about the hill and 
is definitely grazed on the other side of the 
fence. 

13-1B, C 

13-10 

13-1E 

Isolated patches with taller thicker clumps 
than other plants in the area. 

A short growing patch on the other side of 
the fence on the hill. 

An isolated patch. 

13-1E HR (heavy roots) 
Selected from 13-1E. These plants had a 
substantial number of roots initiated and the 
roots were in excess of 2 inches. 

13-1F Patch on a steep eroding hill next to the 
roadside. Plants are short growing and have 
exceptional clinging ability. 
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14 Gila Co. On state Highway #77 past Winkelman, AZ. 
Turn left on Dripping springs Rd. past mile post 152. 
Approx. 0.5 miles up the road on the left side of the 
road on top of an over-hang (just when you get to the 
top of the hill). 

14-1, 14-2, 14-3 
All of these accessions were collected in the 
same general area. These· plants possess 
excellent early and late season color, 
display short leaves and low stature, and 
excellent stolon forming ability. Collected 
from a grazed area. 

15 Gila Co. On state Highway #77 heading toward Globe, 
AZ. Near the sign 'Entering Tonto National Forest' 
and also 'Safety PullOut 1/2 mile'. 



15-1, 15-2 
These accessions were collected at the site 
described above. Collected on the right side 
of #77. Plants were not really 
stoloniferous, but in fact were very dry and 
barely growing (dormant golden colored). 
Elevation is approx. 4980 ft. 

15-3 Collected by Dr. Kneebone somewhere around 
San Carlos Lake. He claimed that it was the 
only green Hbe in the area while all other 
plants were dried. 
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16 Pima Co. Tucson Mtn. Foothills. Tucson, AZ. Camino 
de Suerte [CdS] (Grant Rd. west to Camino de Oeste, 
left on Camino de Oeste then look for Camino de Suerte 
on the east side of the road. 

16-1 One hundred yards east on CdS on the north 
side of the road on the hill facing south. 
Rocky volcanic rock soil. 

16-1A An isolated patch on the south side of the 
road. 

16-2 Collected further up the hill on the north 
side of the road under a big ocatillo. 

16-3 A small patch on the south side of the road, 
at the lowest part of the road. 

16-4 One hundred fifty yards (east) from the turn 
off onto CdS up the hill on the south side of 
the road. spotty bunches wi th almost no 
other grasses in the area growing on rocky 
volcanic soil. 

16-5 Further up the hill where the road begins to 
turn to the north. On the right side of the 
road, growing on deeper soil. Very thick 
growing plants with almost imperceptible 
stolons and long leaves. 

17 Pima Co. 
Kneebone, 
Foothills. 

Tucson, AZ. Residence of Dr. Robert 
2491 N. Camino de Oeste, in the Tucson Mtn. 

Again, very rocky volcanic soil. 
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17-1 Collected in what would be called the 'front 
yard', in the natural desert area south of 
the drive way. 

17-2 

17-3 

17-4 

18 

18-1 

18-2 

19 

19-1 

19-2 

19-3 

20 

20-1 

Collected along the length of the south side 
of the drive way. 

Collected along the length of the north side 
of the drive way. 

Collected behind (west) of the house. 

Cochise Co. 
Mescal, AZ. 
Rd. 

Collected near the old Ghost town of 
I-10 east to Mescal Rd., north on Mescal 

Collected 2.7 miles north of I-10, from both 
sides of the road. The area is heavily 
grazed. You have to get out in to the range 
to find it. (Just south of a sign indicating 
a twisting turning road). 

Collected 2.5 miles north of I-10, (0.2 miles 
south of #18-1) on the west side of the road. 

Pima Co. Collected at #19000 south sonoita Highway 
(state Highway #83), east off #83. 

Collected just up the hill on the Rex stump 
property on the north side of the road. 

0.3 miles east of 19-1, on the north side of 
the road. 

Take a left when the road goes left up to, 
but not on the 'Krash, Nevins and Whitney 
Ranch'. Collected just south of their 
property. 

Origin of this plant material is unknown. It was 
obtained during Dr. Kneebone's collections. It 
existed for a long time known as Hbe 8. 

Almost certainly a clone, has existed in the 
greenhouse for years known as Hbe 8. This 
material has a very dense growth habit. 
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21 Gila Co. Payson, AZ. Collected by Dr~ Kneebone, 
exact origin of plant material is unknown. 

21-1 

22 

Almost certainly a clone, has existed in the 
greenhouse for years known as Hbe 5. 

Tucson, AZ. At the end of Sweetwater Rd. somewhere in 
the Tucson Mtns. An area only accessible by mountain 
bike. 

22-1A, B; 22-1A, B 
See above 

22-3 
An isolated patch growing in a wash (very 
sandy soil). 

23 Origin of this plant material is unknown, it was 
collected by br. Kneebone. 

23-1 

23-2 

Almost certainly a clone, has existed in the 
greenhouse for years known as A1. 

Almost certainly a clone, has existed in the 
greenhouse for years known as A2. 

24 Gila Co. Heading toward Showlow, AZ. 

24-1 

24-1A 

24-2 

24-3 

On State Highway #77 just past Globe, AZ. 
Elevation 5000 ft. Approx. 0.3 miles after 
mile post 264. On the right side of the road 
up on a hill. 

'Clinger' - Collected at the bottom of the 
hill clinging on to the soil. 

Just as you are about to descend into the 
Salt River Canyon, on the right side of the 
road (sorry no mile post #). The area is 
grazed and the patch is large and dense. 
Clay soil with the plants growing between 
cobbly rocks. Elevation is approx. 5100 ft. 

Just starting back up the Salt River Canyon 
after crossing the bridge. On the right side 
of the road at the 'Salt River Trading Post 
500 ft' sign. 



24-4 

24-5 

24-6 

24-7 

24-8 

Just after the 17 Mile Wash l on the left side 
of the road. A grazed area up on top of the 
hill. still growing and flowering on 13 Dec. 
Elevation is approx. 5200 ft. Near mile post 
268. 

Approx. 0.5 of a mile after mile post 306 on 
Highway #77 (just before you leave Gila 
County) on the left side of the road. An 
isolated patch on the top of the hill growing 
in Juniper litter. Elevation is approx. 5300 
ft. 

0.7 miles after mile post 278 on #70, on the 
right side of the road. 

0.1 miles after mile post 288 on #77, on the 
left side of the road, just before descending 
into the Salt River Canyon, at a sign ISeneca 
Lake Station now open 7 days'. 

0.2 miles after mile post 284 on #77, at a 
sign 'Right Lane Ends 500 ftl. Approx. 5800 
ft elevation. On the left side of the road, 
over the fence and under a large Juniper 
tree. Grazed at 0.5 inches, an excellent sad 
former. 
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25 Cochise Co. Heading toward Willcox, AZ on I-10 east. 

25-1 Collected 0.5 miles after mile post 325 on I-
10 east. On the right (south) side of the 
highway, over the fence approx. 200 yards. 
(You have to look for the red clay soil and 
then you will find the Hbe). Cobbly heavy 
clay soil. Grazed. 

26 Cochise Co. Traveling north on us Highway #666 to 
Safford, AZ. 

26-1 Collected at mile post 94 on #666, on the 
right side of the road over the fence in a 
grazed area with red clay soil. 

26-1A Collected a small patch, this might be 
clonal. 



26-1B 

27 

27-1 

27-2 

28 

28-1 

29 

29-1 

29-2 

Almost certainly a clone. These plant have 
a course texture with very strong stolons. 
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Graham Co. On state Highway #266 heading toward 
Bonita and Ft. Grant, AZ. 

Collected at mile post 110 on #266, on the 
north side of the road. A massive patch on 
clay soil. 

Collected approx. 100 yards before mile post 
112 on #266. Another massive patch over the 
fence on the north side of the road that is 
heavily grazed. 

santa Cruz Co. Collected at the turnoff of Bull 
Spring Rd/cottonwood Canyon and the road that goes up 
to the Whipple Observatory on Mt. Hopkins, in the 
Santa Rita Mtns. I-19 south to Amado, take Arivaca Rd 
east under I-19, south on the Frontage Rd, then on the 
dirt road for 4 miles. 

Thin sparse plants with wiry, tough stolons 
on heavy red clay soil. Approx. 3000 ft 
elevation. 

Graham Co. Collected in the Pinaleno Mtns., southwest 
of Safford, AZ. Take US Highway #666 north to State 
Highway #266 (to Ft. Grant-Bonita). Park at the US 
Game and Fish Reserve #665. 

Collected at the 'Bar X Trick Tank, 3 miles 
from the entrance of USGF Reserve #665. 
Growing on a rocky hill side, many plant 
possess deep red stolons. 

Collected 0.5 miles after 29-1, on the same 
dirt road, (actually in the willcox Valley). 

30 Pinal Co. Collected along the "Old Mt. Lemmon 
Highway' going to Pepper Sauce Cave. 

30-1 One mile before the entrance to Pepper Sauce 
Cave. 
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31 Navajo Co. 
Highway #77. 

Heading toward Showlow, AZ on state 
Collected in carizo Junction, AZ. 

31-1 Collected along the left side of #77, 0.6 
miles after mile post 317, and 0.5 miles 
before state Highway #73. Approx. 5500 ft 
elevation. Nice spreading patches with short 
internodes, growing on heavy red clay soil. 
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