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This report briefly covers the total bermudagrass
breeding program at NMSU without regard to funding source.
Much time and effort was devoted to variety release and
ancillary activities for NuMex S-1 (temporary designation).

Variety Release:

Early in 1987 all data on our advanced strains were
summarized and reviewed. It was decided to ask for release
of NuMex S-1 and an application for release was prepared for
the New Mexico Agricultural Experiment Station Variety
Release Committee. This application compared NuMex S-1 with
Common and Guymon for several turfgrass characteristics at
several locations. (see attached Application for Release)

After approved for release, the New Mexico Crop
Improvement Assoc. chose Farmers Marketing Corp. for
exclusively increasing and marketing the variety. The NMSU
bermudagrass breeding personnel assisted in establishing a
2.5 acre “Breeder Field' at Roll Arizona. Approximately
25,000 seedling of NuMex S-1 were established in individual
containers and hand planted in the Arizona field in early
July. Off-type plants were rogued 1in the greenhouse before
transplanting and in the breeder field in August. A modest
amount of seed 1is expected from a winter harvest of the
"Breeder Field' for establishment of Foundation fields in
1988 by the seed company.

Breeding Program for 1986-87:

The third quantitative genetics study was completed.
(See attached Ph.D. dissertation abstracts) These studies
were designed to help guide the present breeding program at
NMSU and also be of benefit for future breeding of
bermudagrass. Heretability values for attributes such as
seed yield, stem intermode length, leaf length, leaf width,
color, density, and shade tolerance have been determined for
a moderately large population of tetraploid bermudagrasses.




A study of the self-fertility of 10 bermudagrass genotypes
of special interest to wus in our breeding program was
completed in 1987. The very low self-fertility of these
clones compares favorably with results from other workers on
tetraploid bermudagrass. It also indicates we should expect
little effect from selfed seed 1in advanced generations of
the plant material we are using in crosses. In 1987,
continued crossing and continued phenetypic selection was
made on material in the breeding program.




Application for Release of

- NM S-1 Bermudagrass

Arden Ba]tenspergerl

New Mexico Agricultural Experiment Station

January 26, 1987 e

Summary:

New Mexico S-1 is a new seed propagated, turf type bermudagrass cultivar.

It was developed as an alternative to 'Common' which is present]y‘the primary

¥

~—_ commercially available seeded turftype bermudagrass.

New Mexico S-1 was developed for medium texture, plant height and
. density, and is recommended for parks, playground and golf course fairways in

the bermudagrass belt of the United States.

1/professor of Agronomy and Horticulture Department, New Mexico State

University, Las Cruces, New Mexico.




- NEW MEXICO AGRICULTURAL EXPERIMENT STATION
NEW MEXICO STATE UNIVERSITY
LAS CRUCES, NEW MEXICO

NOTICE- OF RELEASE OF 'NuMex S-1' BERMUDAGRASS

The Department of Agronomy and Horticultyre and the Agricultural Experiment
Station at New Mexico State University amnounces the release of 'NuMex S-1'
bermudagrass, Cynodon dactylon (L.) Pers., a seed propagated cultivar with
medium texture, density and plant height or general turf use. NuMex S-1 was
developed by Arden Baltensperger and graduate students. /_.,/'

" NuMex -1 was developed fram a pblycross of 16 parental clones selected for

high turf quality characteristics and good seed production. Based on poly-
cross progeny performance, eight of the 16 original clones were intercrossed

~~ and subjected to two cycles of phenotypic recurrent selection for shorter
. internode length and increased density.

NuMex S-1 is a medium textured cultivar similar to 'Common'. Stem internode
length, leaf length and plant height were found to be 19, 31 and 45% less,
respectively, for NuMex S-1 than Common at Las Cruces, New Mexico. Visual
- spring and summer green color ratings were as high or higher for NuMex S-1
than Common at 12 test sites located in the southern part of the U.S. and
turfgrass quality was observed to be equal to or superior to Common. As a
result of the turfgrass quality and other performance evaluations, NuMex S-1
is expected to perform as good or better than Common throughout much of the
bermudagrass belt of the United States.

- Breeder seed will be maintained by the Department of Agronomy and Horticul-

- ture, New Mexico State University, Las Cruces, New Mexico, 88003. Seed
increase will be on a three generation basis and grown under the supervision
of a seed certifying agency.

~+  Bpproximately two pounds of breeder seed is now available.

~ Bpproved:

Director, Experiment Station , Date
Head, Dept. of Agronomy and Horticulture Date




Table 1. Texture ratings for mature turf of NM S-1 as compared to Cammon and
Guymon in 1984 Strain Test at Las Cruces, New Mexico.

Entry ‘- Texturel/
NMS-1 5.2
Cammon 5.2

"
Guymon 2.0 -
LSD (P=0.05) 0.9

1/pexture based on visual rating of 1 most coarse to 9 most fine fram a total
of two observations in 1985 and 1986.




Table 2. Plant characteristics of NM S-1 as compared with Cammon and Guymon
in National Bermuda Turfgrass Evaluation Test at Las Cruces, New
Mexico in 1986. ; -

. -

Leaf : '
Entry Visual
widthl/ texture?/ .
——mm-- ~rating-
NM S-1 3.3 5.0
L
Cormon 3.4 3.7 -
Guymon 4.0 3.0
LSD (P=0.05) 0.5 . 1.2

1§Stem leaf width based on measurements from 15 stem leaves per plot.
Visual texture rating based on 1 most coarse to 9 most fine.




Table 3. Texture rankingsl/ for N\M $-1 as cﬁrpared with Common and Guymon at
several National Bermudagrass Test Sites in 1986.

-

[ - Erltry
Site NM S-1 Cammon Guymon
Kansas
Wichita 4.7 3.7 3.3
Oklahama o
Stillwater 4.3 3.7 =7 2.0

l/Ratings based on visual estimates where 1 is most coarse and 9 most fine
textured.




Table 4. Density ratings for mature turf of NM S-1 campared to Common and
Guymon in 1984 Strain Test, Las Cruces, New Mexico.

Entry. . Density'/
N S-1 . 4.3
Common 4.0
Guymon | 5.8 L
=

ISD (P=0.05) , 1.3

1/ Density based on visual ratings of 1 léast dense to 9 most dense fram two
observations in 1986.




Table 5. Density ratingl/ for WM S-1 as ca@ared with Comon and Guymon in
National Bermuda Turfgrass Evaluation Test at Las Cruces, New Mexico

in 1986. .
Entry ‘- Density
N s-1 6.3
Common 5.0
Guymon 6.7 7
YmO] =
LSD (P=0.05) 1.1

1/, Single rating based on 1 least to 9 most dense.




Table 6. Density rankingl/ for NM S-1 as compared with Common and Guymon in
national Bermudagrass test at Wichita, Kansas in 1986.

Site .. - Entry
NM S-1 Cammon Guymon
Kansas 4
Wichita .3 3.0 3.3

.—/‘
1/ Ratings based on visual estimates when 1 is least dense and-9 most dense.




Table 7. Plant characteristics of NM S-1 as campared with Cammon and Guymon
in National Bermuda Turfgrass Evaluation Test at Las Cruces, New

Mexico in 1986.

-

Entry I“iiigﬁf/ 1;1';?512/ hi;ﬁtz)’/
——mn——— - -
MM S-1 42.8 68.5 17.3
Cammon 52.8 99.1 _-31.4
Guymon 23.7 56.5 ” 13.1
LSD (P=0.05) 7.1 16.1 2.5

1§Stem internode length based on measurements from 15 stems per plot.
/Stem leaf length based on measurements of 15 stem leaves per plot.
Turf height based on measurements from 9 locations in plots prior to cutting

after 21 days growth.




Table 8. Color ratings for mature turf of NM S-1 as campared to Common and
Guymon in 1984 Strain Test at Las Cruces, New Mexico.

>

Entry .. e Colorl/
Springz/ Sumer/ Fa114/
M S-1 5.3 6.2 6.7
Canmon 3.3 6.0 5.0
// .
Guymon , 7.0 7.9 4.0
LSD (P=0.05) . 2.3 1.0 1.6

1/ Ratings based on visual estimate of ocolor where 1 is least green to 9 most
r er‘. ’ - '
g /Single rating in 1986.
tal of three ratings in 1985 and 1986.

4 Single rating in 1985.




Table 9. Color ratings for NM S-1 as compared with Common and Guymon in
National Bermuda Turfgrass Evaluation Test at Las Cruces, New Mexico

1n 19860 >
. . Fall
Entry colori/ colorz/
N S-1 7.3 3.3
Cammon 6.5 5.5°
/"/’
Guymon 7.3 ~ 4.3
LSD (P=0.05) 0.7 1.7

l?ﬂean ratmg of four observations, where 1 is least green and 9 most green.
Single rating.




Table 10. Color rankingsl/ for \M S-1 as compared with Common and Guymon at
several national Bermudagrass Test Sites in 1986.

; Entry
Site !,M_ch ' W s-1 Common Guymon
Kansas .
Wichita July 7.3 5.7 6.3
Oklahama :
Stillwater July 6.0 4.3 o 6.0
/' : .
California :
Riverside September 7.0 6.3 . 7.0
Maryland .
Beltsville October 3.0 3.0 , 4.3
North Carolina o
Raleigh September 7.0 5.3 6.0
October 6.0 5.3 6.7
November 2.3 2.0 3.0

1/Ratings based on visual estimates where 1 is least and 9 most green.




Table 11. Turfgrass quality ratingsl/ of NM S-1 as camposed to ;Oomnon and
Guymon in 1984 Strain Test at Las Cruces, New Mexico.

Entry Turfgrass'Quality

Spring®/ 7 Summer 3/ ' Fa11¥/
NM S-1 5.7 5.4 5.6
Common 3.0 4.7 _ 4.8
Guymon 4.7 5.0 /4‘.“‘3/
LSD (P=0.05) 1.6 ‘1.0 1.2

1/ Ratings based on visual estimates of turfgrass quality where 1 is poorest
9 best. :
2 /Single rating in 1986.
Total of six ratings in 1985 and 1986.
4/Total of three ratings in 1984, 1985 and 1986.




SO

Table 12. Turfgrass quality ratingsl/ for WM S-1 campared with Common and
Guymon in National Bermuda Turfgrass Evaluation Test at Las Cruces,
New Mexico in 1986.

S

, Turfgrass
Entry ‘- : quality
W S-1 5.6
Cammon 4.9 4
Guymon v 6.8 //
LSD (P=0.05) 0.8

1/Mean of 3 observations where 1 is poorest and 9 best.




Table 13. Turfgrass quality ratingsl/ for \M S-1 as campared to ‘Commen  and
Guymon at several National Bermudagrass Test sites in 1986.

i Entry
Site N ST by ; -
Kansas

Wichita
Oklahama o

Stillwater 5.7 4.0 P 3.7
Californi =

ifornia

Riverside 5.0 4.0 4.0
California ‘

Field station 4.3 3.6 4.0
Maryland . . )

Beltsville 6.0 5.0 | 6.0

1/ Ratings based on visual estimates where 1 is lowest and 9 is highest overall
turf quality.
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ABSTRACT

HERITABILITY ESTIMATES FOR SELECTED TURFGRASS

CHARACTERISTICS OF BERMUDAGRASS EVALUATED UNDER SHADE
BY

BRIAN NEIL COFFEY, B.S., M.S.
Doctor of Philosophy in Agronomy
New Mexico State University
Las Cruces, New Mexico

Dr. Arden A. Baltensperger, Chairman

No genetic estimates for chlorophyll content, visual
color, general appearance, plot density, or clipping weight

of bermudagrass, Cynddon dactylon (L.) Pers., evaluated

under shade exists in the literature. As a result, the
information to efficiently develop a breeding program to
improve these characters was not available. The objectives
of this investigation were to evaluate genetic variation
among randomly selectéd parent clones and their polycross

Progenies, and to estimate heritabilities for five specific




turfgrass characteristics evaluated-under shade in a field
experiment at Las Cruces, New Mexico, in 1985 and 1986.
Parental clones exhibited highly significant

differences for all evaluated characteristics, and the

+ polycross progenies exhibited significant differences for

chlorophyll concentration, visual color, and general
appearance.

Broad-sense heritabilities were 0.90 or greater for all
characteristics. Narrow-sense heritability estimates
ranged from a low of 0.01 to a maximum of 0.71. Moderate-
to-high narrow-sense heritabilities were calculated for
visual color and chlorophyll content. The presence of non-
additive gene action and / or other confounding effects was
detected for several characteriétics.

Chlorophyll content was highly correlated with visual
color and general appearance, indicating that indirect
selection for chlorophyll content may be performed
efficiently via selection for visual color or general
appearance in the field.

Large proportions of genetic variance were detected for
chlorophyll concentration and visual color. These
proportions, together with the moderate-to-high narrow-
sense heritabilities calculated for these‘two

characteristics, indicate that either phenotypic recurrent




selection or mass selection teéhniques would be adequate to
allow for efficient genetic gains to be realized. More
intensive programs utilizing progeny testing would be
reéuired for plot density and clipping weight improvements
é since non-additive gene action is primarily conditioning

these two characteristics.
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HERITABILITY ESTIMATES FOR SEED YIEID.
AND COMPONENTS CF SEED YIELD

IN BERMUDAGRASS (Cynodon dactylon (L.) Pers.)

BY
GREGORY JON CLUFF, B.S., M.S.
Doctor of Philosophy in Agronomy
New Mexico State University
las Cruces, New Mexico

Dr. Arden A. Baltensperger, Chairman

No genetic estimates for seed yield or components of seed yield
in bermudagrass were reported in the literature. Consequently, the
information was not available to design an ’efficient breeding
program to improve those characteristics. Therefore, the objectives
of this investigation were to evaluate genetic variation among
randamly selected parental clones and their polycross progenies and
to estimate heritabilities for seed yield and some components of
seed yield. |

Broad-sense, narrow-sense, and realized heritibilities were
estimated using the pqucross progeny method in a field experiment
at Las Cruces, New Mexico, in 1983 and 1984. Genetic parameters of
flowering characters wére measured in a growth chamber and

phenotypic correlations were calculated between data obtained in the




field and growth chamber.

Broad-sense heritabilities ranged from 0.47 to 0.98 for panicle
density-in 1983 and 1984. Estimates for seed yield were 0.77 and
0.90 for 1983 and 1984. Narrow-sense heritabilities were larger
than 1.0 for seed yield and ranged fram 0.15 to 0.94 for the other
traits. Realized heritabilities ranged from -0.33 to 0.94 for
panicle density in 1984 and branches per panicle in 1983. Realized
heritabilities for seed yield were 0.46 and 0.37 in 1983 and 1984.
Because narrow-sense estimates for seed yield were biased over 1.0,
the realized heritability estimates were considered to be the most
accurate. Heritabilities for characters measured in the growth
chamber were not similar to heritabilities for those measured in the
field. |

Percent seed set was the single field trait best correlated
with seed yield with r-values of 0.76 and 0.70 for 1983 and 1984.
Multiple linear regression analyses of seed yield and compoﬁents of
seed yield measured in the field resulted in regression equations
with R-values of 0.89 and 0.92 for 1983 and 1984. Multiple linear
regression analyses of seed yield and components of seed yield
measured in the growth chamber resulted in regression equations with

R-values of 0.70 and 0.75 for 1983 and 1984.

vi




;o ‘ " Reprinted from Crop Science
Vol. 25, Jan.-Feb. 1985, p. 133-136

Heritability Estimates for Turfgrass Characteristics in Bermudagrass'

D. S. Wofford and A. A. Baltensperger?

ABSTRACT

No genetic estimates for turfgrass characteristics in ber-
mudagrass, Cynodon dactylon (L.) Pers., are currently available
in the literature. Therefore, the objectives of this investigation
were to evaluate genetic variation among bermudagrass clones
and their polycross progenies and to estimate heritability values
for several turfgrass characteristics. Parental clones and poly-
cross progenies were established in a randomized complete block
design with four replications in 1981. The parental clones dif-
fered (P < 0.01) for all characteristics evaluated during 1981
and 1982. Polycross families differed (P < 0.05) for 13 of the
18 characters evaluated. Broad-sense heritability estimates for
a single year ranged from 0.83 to 0.99. Narrow-sense heritability
estimates based on the polycross family analyses ranged from
0.06 to 0.94. Heritability estimates from the parent-offspring
covariance analyses ranged from 0.00 to 1.22. For a number of
characters, additive genetic variation accounted for a significant
portion of the total genetic variation. Data over a 2-year period
were combined for leaf length and leaf width. Broad-sense her-
itability estimates were moderately high with values of 0.94 and
0.83 for leaf length and leaf width, respectively. Narrow-sense
heritability values for leaf length and leaf width were 0.83 and
0.62 from the progeny analysis and 0.57 and 0.43 based on par-
ent-offspring covariance, respectively. For characteristics which
had moderate-to-high narrow-sense heritability values, breeding
methods which involve no progeny testing should be suitable
for genctic gain to be realized.

Additional index words: Heritability, Genetic variation, Cy-
nodon dactylon (L.) Pers., Turfgrass.

BERML’[)ACR;\SS , Cvnodon dactylon (L.) Pers., is one
of the most widely grown warm-season, peren-
nial grass species in the southern United States. This
grass is utihzed both as turfgrass and as a forage crop.
In New Mexico, bermudagrass is the most commonly
utilized turfgrass species with over 7700 ha currently
in use (7).

At present, numerous cultivars are commercially
amilaLl(’ (2). The vast majority of these cultivars are
vegt‘latively propagated. This may be due to the in-
creased untformity attained through the use of a sin-
gle genotype, the existence of economical vegetative
planting methods and/or problems in fertility.

Kneebone (5) reported that genetic variabi?ity for
color, leaf morphology, cold tolerance, winterhar-
diness, and other characteristics was available. Reinert
et al. (8) demonstrated that variability for resistance
to bermudagrass stunt mite, Aceria cynodoniensis (Has-
san) Kiefer, was present among clones. Richardson
et al. (9) found significant differences among ber-
mudagrass clones E)r fertility and seed production.
Harlan and de Wet (3) concluded that intraspecific
and interspecific variability for fertility and seed pro-
duction was due to population fragmentation based
on chromosomal behavior. They suggested that these
meiotic irregularities were the result of cryptic fac-

! Journalarticle 1031, Agric. Exp. Stn., New Mexico State Univ.,
Las Cruces, NM 88003. Received 10 Feb. 1984,

? Supply assistant professor, Dep. of Plant Science, Univ. of Wy-
oming, Laramie, W { 82071 (formerly graduate research assistant,
Dep. of Crop and Soil Sciences, New Mexico State Univ.), and
srofessor, Dep. of Crop and Soil Sciences, New Mexico State Univ.,
i,:ls Cruces, NM 88003,

tors such as translocations, inversions and deletions.
These factors result in varying degrees of sterility in
the progenies from matings between natural popu-
lations.

Several researchers have estimated heritability val-
ues for certain forage quality characteristics in ber-
mudagrass species (1,6). There are, however, no
known heritability estimates documented for turf-
grass characteristics. These estimations would be ad-
vantageous in designing a breeding program to im-
prove a seeded population.

The objectives of this study were to determine if
genetic variability for numerous turfgrass character-
istics existed among parental clones and their poly-
cross progenies and to estimate heritability values for
these characteristics. .

MATERIALS AND METHODS

Eight bermudagrass clones were used as parents in this
investigation. All clones used were typical of the tetraploid
bermudagrass type. The clones were chosen from a nursery
of turf-type bermudagrasses which originated from mate-
rial obtained from 10 agricultural experiment stations in
the United States. The parental clones were established in
a polycross mating block with 10 replications in 1979 at
the Plant Science Research Center near Las Cruces, NM.
Sixteen clones were initially chosen to serve as parental
material; however, eight clones failed to produce sufficient
seed for progeny testing. These clones were subsequently
removed from the polycross block prior to progeny seed
production. Seed was harvested in 1980 and bulked within
parental entries.

Progenies were seeded in a commercial soil medium in
plastic containers (3.8 cm X 21.5 c¢m) in the greenhouse
on 29 Apr. 1981, and were grown under favorable con-
ditions for 9 weeks. On 1 July the polycross progenies and
parental sprigs were established in a field experiment at
the Plant Science Research Center. The experimental de-
sign used was a randomized complete block with four rep-
lications. Plots were 1.22 X 1.52 m in dimension. Either
20 progeny seedlings or 20 parental sprigs were established
on 0.3 m spacings in each plot. All experimental units re-
ceived the following management procedures throughout
the study: 0.9 kg of N per month during the growing sea-
son, clipping to a height of 2.54 cm every 2 weeks and
flood irrigation once a week to avoid stress.

The characteristics examined, year of evaluation, and
method of data collection are shown in Table 1. Due to
insufficient growth in some entries, fewer characters were
evaluated in 1981 than 1982. Data for 1981 were collected
from 27 July to 15 September. In 1982, visual ratings were
made in July, August, and September. Values for the three
time periods were averaged as subsamples in time for all
visually rated characteristics except color. Color data were
analyzed separately because greenness of bermudagrass fo-
liage is affected by distinctly different environmental fac-
tors throughout the growing season. The measured re-
growth and clipping weight data were collected following
each visual rating. Data for leat length, leaf width, and stem
internode length were taken from 28 July to 14 September.

The basic statistical design utilized for a single vear's data
was a randomized complete block with four replications.
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Data combined over the 2-year period were analyzed using
a split-plot in time analysis (10). Both the analyses of var-
iance and analysis of covariance were computed using whole
plot values. Expected mean squares and mean products were

Table 1. Year and method of evaluation for turfgrass character-
istics of parental clones and polycross progenies at Las
Cruces, New Mexico.

Year Characteristic Method of evaluationt

1981 Density A—1least dense, 9 most dense

Leaf length B--fully expanded leaf (mm)

Leaf width B—fully expanded leaf (mm)

Stolon internode length  B—fully elongated internodal distance
{mm) of prostrate stem

Vigor A—1 least vigorous, 9 most vigorous

1982 Clipping weight C-—grams per plot
Color A—1 least green, 9 most green
Density A—as previously stated
General appearance A—1 worst appearance, 9 best appear-
ance
A1 least resistance, 9 most resistance
based on reduced stem internodal
regions

Mite resistance

Leaf length B--as previously stated

Leaf width B-—as previously stated

Regrowth A—1 least regrowth, 9 most regrowth
two weeks after clipping

Regrowth D--regrowth tmm} two weeks after
clipping

Seedhead production A—1 fewest seedheads, 9 most seedheads

Stem internode length ~ B—fully elongated internodal distance

{mm) of upright stem

t A. Visual rating with a scale from 1-9. B. Plot value was average of 15
random samples per plot. C. 87% of plot harvested after 2 weeks re-
~ growth. D. Plot value was average of five random samples per plot.

Table 2. Means and ranges of means (over replications} for
visually rated characteristics in parental clones and polycross
families of bermudagrass.

Parent Progeny

Characteristic Year Mean + SEt Range Mean + SE  Range

Color 1 1982 5.72 + 0.47 4.27-750 5.84 x0.79 5.25-7.75
Color I1 1982 5.66 + 0.54 2.50-8.50 4.84 + 0.39 3.00-6.75
Color H1 1082 459 + 048 150-7.75 4.16 + 0.57 2.25-7.00
Density 1981 4.56 + 0.57 1.75-8.00 4.88 + 0.54 3.75-6.00
Density 1982 5.69 + 0.47 2.75-8.00 6.91 + 0.46 5.50-8.00
General

appearance 1982 3.63 + 0.45 1.50-5.50 4.38 £ 0.40 3.25-6.25
Mite resistance 1982 2.63 1. 0.27 1.00-7.00 4.81 + 0.71 3.50-6.75

Regrowth 1982 3.94 + 0.49  1.50-7.25 4.88 + 0.53 3.75-6.00
Seedhead

production 1982 4.88 + 0.42 1.00-9.00 4.06 + 0.43 3.00-5.75
Vigor 1981 4.72 + 0.48 1.75-8.50 5.34 % 0.54 4.00-6.75

+ Standard error of genotype mean in the analysis of variance.

based on a random effects model. Variance components
and covariance components were estimated from linear
functions of the mean squares and mean products, respec-
tively, and standard errors {or the mean squares were cal-
culated according to Kempthorne (4).

Since the parents were clones, genetic variation among
parents would estimate the total genetic variation. There-
fore, genetic variance component estimates from clonal
analyses were used to calculate broadsense heritability val-
ues (/1,). The genetic variation among polycross or half-sib
families would predominately measure additive genetic var-
iation, thus genetic variance component estimates were uti-
lized to calculate narrow-sense heritabilities (H,).

Broad sense and narrow-sense heritabilities based on the
results of a single year were calculated as follows:

Hy = o}/[o} + (a}/1)]
H, = a}/|o} + (6}/1)]

I

where,

0%, 0} = variance components due to parents and poly-
cross families, respectively:
o} = variance components due to genotype X rep-
lication interaction which were from the AN-
OVA for parental clones in calculating H, and
from the ANOVA for polycross families in cal-
culating H,: and
r = number of replications
Broad-sense and narrow-sense heritabilities for the com-
bined data were calculated using the following formulas:

Hy = a2/lo? + (o&/y) + (0&/7) + (0}/1¥)]
H, = o3/[0} + ©@h/) + (o3a/7) + (63/T0)]
where,

0%, 03 = variance components due to parental clones

and polycross families, respectively:

a3y, 0py = variance components due to parental clones X
vear and polycross families X year interac-
tions, respectively:

0tn. 0pr = variance components due to parental clones X
replication and polycross family X replication
interaction, respectively;

o} = variance components due to genotype X rep-
lication X year interaction which were esti-
mated from the parental ANOVA in calculat-
ing the Hy and from the progeny ANOVA in
calculating H,; and ’

r, v = number of replications and years, respectively.
The parent-offspring covariance analyses were utilized

Table 3. Means and ranges of means {over replications) for measured characteristics in parental clones and polycross families of

bermudagrass.
Parent Progeny
Characteristic Year Mean + SEt Range Mean + SE Range
Clipbing weight (g) 1982 60.79 + 4.75 10.25-110.03 65.88 + 5.94 51.50-79.70
Leaf length (mm) 1981 16.30 + 0.92 10.82-24.80 0.61 + 0.90 17.85-22.85
1982 17.96 + 0.54 12.95-24.65 20.38 + 0.91 18.23-22.93
Combined 17.13 + 0.53 11.89-24.73 20.50 + 0.71 18.04-22.89
Leaf width (mm) 1981 239 + 0.05 1.96-2.83 2.50 + 0.07 2.35-2.64
1982 2.47 £ 0.05 2.23-2.68 2.45 x 0.04 2.35-2.59
Combined 2.43 + 0.04 2.10-2.76 2.48 + 0.04 2.35-2.62
Regrowth {mm) 1982 34.09 + 1.61 8.89-49.21 4461 = 1.27 39.69-48.58
Stem internode length (mm) 1982 6.03 + 0.16 5.32-7.27 6.23 + 0.25 4.73-7.42
Stolon internode length (mm) 1981 21.69 + 0.95 14.89-28.73 22.17 + 0.59 18.67-25.33

t Standard error of genotype mean in the analysis of variance.
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to calculate narrow-sense heritability values using the fol-
lowing formulas:
Hpo = 2bg = 2lapo/|02 + (s2/1)] for a single year
and
Hpo = 2bg = 2 lopo/[0% + (o2/%) + (0%a/7) + (63/1)]
for the combined data
where,

gpo = genetic covariance between parent and offspring:
and other components are as previously described.

RESULTS AND DISCUSSION

Means and ranges of means for clones and progeny
families are shown in Tables 2 and 3. The ranges of
the polycross progenies fall within the ranges of the
parental clones for eight of the 10 visually rated char-

Table 4. Estimates of variance components and their standard
errors for visually rated characteristics in parental clones and
polycross families of bermudagrass.

Characteristic ~ Year Genotype  of, + SE o + SE 9Pp0
Color | 1982 Parent 1.11 x 0.63** 0.89 x 0.26 0.12
Progeny 0.04 + 0.36 247 £ 0.73 :
Color 11 1982 Parent 5.42 £ 2.69** 117 £ 0.35 158
Progeny 1.35 + 0.71** 0.61 %+ 0.18 ’
Color 111 1982 Parent 5.00 + 2.47** 092 + 0.27 3.62
Progeny 239 x 1.34** 1.78 + 0.53 ’
Density 1981 Parent 3.07 + 1.60** 1.28 £+ 0.38 111
Progeny 0.24 + 0.27 1.18 % 0.35 )
1982 Parent 3.55 + 1.77**  0.88 + 0.26 0.16
Progeny 0.39 + 0.29* 0.86 + 0.26 )
General
appearance 1982 Parent 2.69 + 1.36** 0.80 + 0.24 0.06
Progeny 0.84 + 0.47** 0.63 + 0.19 .
Miteresistance 1982 Parent  4.66 + 2.23** 030+ 009 _, .
Progeny 0.43 + 0.46 2.04 + 0.60 )
Regrowth 1982 Parent 4.07 £ 2.04** 097 + 0.29 _033
Progeny 0.33 + 0.31 1.11 + 0.33 i
Seedhead
production 1982 Parent 6.95 + 3.36** 0.70 + 0.21 0.43
Progeny 0.97 + 0.55** 0.73 + 0.22 .
Vigor 1981 Parent 3.88 + 1.94** 0.94 + 0.28 2.32

Progeny 0.73 + 0.49* 1.16 + 0.34

*** Mean square associated with variance component estimate was sig-
nificant at the 0.05 and 0.01 probability levels based on analysis of
variance F tests.

acters and seven of the eight measured characters. A
similar response was observed for the combined data
of leaf length and leaf width.

Genetic variation was highly significant among
clones for all characteristics evaluated (Tables 4 and
5). These results indicate that the level of perfor-
mance for all characters, regardless of the type of
gene action involved, could be altered using breeding
methods. Genetic variation among polrcross families
was significant for six of the 10 visually rated char-
acters and seven of the eight measured characters.
Therefore, a considerable portion of the total genetic
variation for these 13 characters is of an additive
nature. Breeding methods that capitalize on additive
genetic variation should result in improvement for
these characteristics.

The genetic variance component estimates from
the parental analyses for visually rated characteristics
were twice or approximately twice their standard er-
ror. In most cases, the genetic variance component
estimates from the polycross family analyses were

Table 6. Broad-sense {H,) and narrow-sense (H, and Hp() herita-
bility estimates for turfgrass characteristics in bermudagrass.

Method of
evaluation = Characteristic Year Hy H, Hpg
Visual Color I 1982 083 006 0.12
Color 11 1982 095 090 048
Color 111 1982 096 084 1.22
Density 1981 091 049 051
1982 094 064 007
General appearance 1982 093 084 004
Mite resistance 1982 098 046 0.001
Regrowth 1982 094 054 0.00t
Seedhead production 1982 098 084 011
Vigor 1981 094 071 097
Measured  Clipping weight 1982 098 064 0.04
Leaf length 1981 098 077 052

1982 099 068 0.62

Combined 0.94 0.83 057

Leaf width 1981 098 035 045
1982 088 072 0863

Combined 083 0.62 043

Regrowth 1982 099 079 0.16
Stem internode length 1982 096 092 0.14
Stolon internode length 1981 096 094 0381

1 Negative genetic mean product component,

Table 5. Estimates of variance components and their standard errors for measured characteristics in parental clones and polycross

families of bermudagrass.

Characteristic Year Genotype of + SE op + SE opPO
Clipping weight 1982 Parent 1317.31 + 631.61** 89.86 =+ 26.50 28.71
Progeny 62.40 + 47.19% 141.00 & 41.60 g
Leaf length 1981 Parent 3448 + 16.65** 335 + 099 9.77
Progeny 268 + 1.66** 3.27 + 181 ’
1982 Parent 2030 = 9.71** 1.18 = 035 6.65
Progeny 181 + 1.27* 335 + 0.99 .
Leaf width 1981 Parent 0.091 + 0.044** 0.009 =+ 0.003 0.02
Progeny 0.003 + 0.0041 0.019 + 0.006 :
1982 Parent 0.021 + 0.011** 0.011 + 0.003 0.01
Progeny 0.004 + 0003* 0.007 + 0.002 w
Regrowth 1982 Parent 211.03 + 100.7°** 1036 + 3.06 17.97
Progeny 589 + 3.56°* 641 » 189 :
Stem internode length 1981 Parent 0.60 + 0.29** 0.11 + 0.03 0.05
Progeny 0.69 =+ 0.35°** 0.26 + 008 .
Stolon internode length 1981 Parent 1953 = 9.64** 364 x 107 9.41
Progeny 540 = 2.70** 1.41 + 0.42 '

* ¢+ Mean square associated with variance component estimate was significant at the 0.05 and 0.01 probability levels based on analysis of variance F tests.
t Mean square associated with genetic variance component was significant at the 0.10 probability level based on analysis of variance F tests.
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Table 7. Estimates of variance components and their standard errors from combined analysis for leaf length and leaf width in parental

clones and polycross families of bermudagrass.

Characteristic Genotype o + SE ggy + SE 9Gg * SE o + SE opo

Leaf length Parent 25.05 # 12.51** 2.34 + 1.38* -0.01 & 0.22t 2.28 x0.67 8.07
Progeny 247 % 1.38** -0.16 +0.23 0.99 1 0.67 204 +0.60 )

Leaf width Parent 0.042 + 0.024** 0.015 + 0.008** 0.002 + 0.002 0.008 + 0.003 0.013
Progeny 0.006 + 0.003* ~0.002 + 0.001 0.001 + 0.003 0.012 + 0.004 ’

*,** Mean square associated with variance component estimate was significant at the 0.06 and 0.01 probability levels based on the analysis of variance

F tests.

1 Negative variance component estimates were assumed to be zero in calculating heritability values.

larger than their standard error. One would expect.

the variance component estimate from the progeny
analyses to be smaller than those from the parental
analyses since the progeny component was used to
estimate only the ac?ditive portion of the total genetic
variation. The progeny estimate was indeed lower
than the parental estimate for all visually rated char-
acters.

The total genetic variance component estimates for
seven of the eight measured characters were at least
twice their standard error. For the exception, leaf
width 1982, the variance component estimate was
approximately twice the standard error. Additive ge-
netic variance component estimates were all larger
than their standard error except for leaf width 1981.
As expected, additive genetic variance component es-
timates for all characteristics were smaller than their
respective total genetic variance component esti-
mates.

Heritability values for both visually rated and mea-

. sured characteristics are shown in Table 6. In gen-
eral, all broad-sense heritability values (H,) were high
with a range from 0.83 to 0.99. Narrow-sense her-
itabilities (F,) ranged from a low of 0.06 to a high
of 0.94. Overall, H, estimates were moderate to high
for all characters except Color I 1982. As expected,
all H, values were lower than their respective H, val-
ues, The I, estimates for those characteristics where
significant genetic variation was not detected in the
Emgeny ANOVA are meaningless. Narrow-sense

eritability estimates based on the parent-offspring
covariance were approximatelz equal to estimates
from the progeny analyses for five of the 10 visually
rated traits and five of the eight measured traits.

Research workers commonly use visual rating scales
to evaluate turfgrass performance. Regrowth was ex-
amined using both visual ratings and measurements.
For both methods, highly significant differences were
detected among parental cfones and similar H, esti-
mates were calculated (Tables 4, 5, and 6). Significant
§enetic variation was detected among the polycross

amilies using measurements, however, no differ-
ences were detected using visual ratings. There was
little agreement between narrow-sense heritability
estimates from the progeny and covariance analyses.

Significant genetic variation was detected in the
combined an:ﬁyses among both parental clones and
polycross families (Table 7). All genetic variance
component estimates either approximated or ex-
ceeded twice their standard error. H, estimates for

both leaf length and leaf width were high with values
of 0.94 and 0.83, respectively (Table 6). H, values
for leaf length and leaf width were 0.83 and 0.62,
respectively. Both H, estimates were lower than their
respective H, estimate. Narrowsense estimates from
the parent-offspring covariance were 0.57 and 0.43
for Eeaf length and leaf width, respectively. These
results indicate that genetic change for these two leaf
characters should be possible using breeding meth-
ods which utilize additive genetic variation.

In conclusion, significant genetic variation was de-
tected among parental clones and polycross families
for numerous turfgrass characteristics. These results
concur with earlier reports that variation exists in
bermudagrass for several turfgrass characters (5,8).
The performance of all characteristics evaluated
should be improved using traditional breeding pro-
cedures. For many characters, there was agreement
between narrow-sense estimates based on the poly-
cross family analyses and the parent-offspring covar-
iance analyses. For these characters, a large portion
of the total genetic variation was of an additive na-
ture. In these situations, mass selection should be an
efficient method for the improvement of a seeded
population.
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Little information is available on the amount of

self-fertility in Dbermudagrass (Cynodon dactylon), ;
especially for parent clones used in the New Mexico State L
University turfgrass breeding program. Since selfing vs.

crossing is important in the development of a seed-

propagated cultivar, a better estimate of self-fertili-
zation is needed.

Percent self-fertility of ten bermudagrass (Cynodon

dactylon (L.) Pers.) genotypes with diverse geographical
origin was estimated in a greenhouse experiment during
the winter of 1985-1986 and in a field experiment during t
the summer of 1986 at Las Cruces, New Mexico.

Results indicated that the ten clones were low in

self-fertility in both the greenhouse and field with




means ranging from 0.02~0.56% seed set from the combined
locations. "Common," a heterozygous, epen—pollinated
cultivar, had a seed set of 13.7% under the same isola-
tion and environmental conditions.

Floral characters, anthesis’ date, branches per
panicle and florets per branch did not significantly
correlate with seed set for the ten clones, while panicle
densities had a low significant correlation with seed set
(r=0.27). Pollen shed scores were significantly corre-
lated with caryopsis number in the greenhouse (r=0.67),
but not in the field. Total florets and caryopsis were
significantly correlated (P<0.01) for clones NM~-471,

Texturf 10, NM-21-2 and G-10,

Germination percentages were low for the clones
highest in seed set. Seedling survival rate for the ten
clones was low and because. of the low number of surviving
plants no data are reported. Therefore, primarily be-
cause of 1low self-fertility for the ten bermudagrass
genotypes evaluated, there would be little effect from

selfed seed in polycross progeny or advanced generations.
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