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Abstract

Warm-season perennial bunchgrasses frequently are used
for hay and grazing in central Texas. We compared 6 alterna-
tive grasses with 2 more commonly grown species [‘Ermelo’
weeping lovegrass, (Eragrostis curvula (Schrad.) Nees var.
curvula Nees) and ‘Selection-75’ kleingrass (Panicum col-
oratum L.] on 2 soils during 2 years. Grasses were transplant-
ed into field plots at Stephenville and Temple, Tex. 1993 and
harvested 3 times in 1994 and 1995. Weeping lovegrass and
‘WW-B.Dahl’ old world bluestem [Bothriochloa bladhii (Retz)
S.T. Blake] were the highest yielding (P < 0.05) grasses and
averaged 9,350 and 7,630 kg dry matter ha-1 in 1994 and
1995, respectively. ‘Irene’ tufted digitgrass (Digitaria eriantha
Stued.) and kleingrass produced similar (P > 0.05) yields
(6,560 and 6,340 kg dry matter ha-1). Experimental line
409–704 buffelgrass [Cenchrus ciliaris L. syn. Pennisetum cil-
iare (L.) Link], ‘Carostan’ flaccidgrass (Pennisetum flaccidum
Greisb.), ‘Palar’ Wilman lovegrass (Eragrostis superba Peyr.),
and P.I. 269961 Oriental pennisetum (Pennisetum orientale
Rich) yielded less than 3,000 kg dry matter ha-1 at
Stephenville and were invaded by weeds. Tillers per plant
generally explained most of the yield differences as plant den-
sity was held constant. Ermelo lovegrass and WW-B.Dahl old
world bluestem produced 2 to 3 times more tillers plant-1 than
other grasses.  Concentrations of neutral detergent fiber were
higher (P < 0.05) in digitgrass and the lovegrasses than in
other grasses (39 vs 36% of dry matter). These data indicate
that WW-B.Dahl old world bluestem and Irene tufted digit-
grass should be useful in forage-livestock systems in central
Texas.

Key Words: kleingrass, lovegrass, old world bluestem, digit-
grass, flaccidgrass, buffelgrass

Animal production from rangeland-forage systems
accounts for more than one-half of the annual $13 billion
of agricultural income in Texas (Bartek and Anderson
1993). Livestock operations within the 50 to 75 cm rainfall
zone often combine rangeland with cropland, tame pas-

tures, and hayland. These grazing lands and haylands fre-
quently are planted to warm-season perennial grasses,
which meet a significant forage need during the summer
months in the southern Great Plains.

Kleingrass (Panicum coloratum L.) and weeping love-
grass (Eragrostis curvula (Schrad.) Nees var. curvula
Nees) have been used frequently in the southern Great
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Resumen

En la región central de Texas a menudo se utilizan zacates
amacollados de crecimiento de verano para producir heno o
ser pastoreados. Durante 2 años, en 2 tipos de suelo, com-
paramos 6 especies alternativas de zacate contra 2 especies
comúnmente cultivadas, “Emerlo weeping lovegrass”
[Eragrostis curvula (Shrad.) Nees var curvula Nees] y
“Kleingrass” ‘selección 75’ (Panicum cloratum L.). En 1993,
los zacates fueron transplantados a parcelas de campo en
Stephenville y Temple, Tex. y cosechadas 3 veces durante
1994 y 1995. “ Weeping Lovegrass” y ‘WW-B. Dahl’ “Old
world bluestem” [Bothriochloa bladhii (Retz) S. T. Blake]
fueron las especies más productivas (P < 0.05) promediando
9,350 y 7,630 Kg materia seca ha-1 en 1994 y 1995 respectiva-
mente. ‘Irene’ “tufted digitgrass” (Digitaria eriantha Stued.)
Y “Kleingrass” tuvieron rendimientos similares (P > 0.05)
(6,560 y 6,430 Kg  materia seca ha-1). La línea experimental
409-704 de zacate “Buffel” [Cenchrus ciliaris L. syn
Pennisetum ciliare (L.) Link.], ‘Carostan’ “Flaccidgrass”
(Pennisetum flaccidum Griseb),’Palar’ “Wilman lovegrass”
(Eragrostis superba Peyr.) y P.I. 269961 “Oriental pennise-
tum” (Pennisetum orientale Rich.) Rindieron menos de 3,000
Kg materia seca ha-1 en Stephenville y fueron invadidos por
maleza. Cuando la densidad de plantas fue constante, los
hijuelos explicaron la mayoría de las diferencias en
rendimiento. “Emerlo lovegrass” y “WW-B. Dahl “Old world
bluestem” produjeron de 2 a 3 veces mas hijuelos por planta
que las otras especies. Las concentraciones de fibra neutro
detergente fueron mayores (P < 0.05) en “Kleingrass” y los
“Lovegrasses” (69 a 78% de la materia seca) comparados con
las otras especies (67% de la materia seca). La fibra ácido
detergente fue mayor (P < 0.05) en “Digitgrass” y los
”Lovegrasses” que en las otras especies de zacate (39 vs 36%
de la materia seca). Estos datos indican que “WW-B. Dahl
“Old world bluestem” and ‘Irene’ “Tufted digitgrass deben
ser útiles en los sistemas forraje-ganado de la región central
de Texas.
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Plains. Kleingrass is adapted to a wide
range of soils, recovers quickly from
defoliation and drought, spreads rapid-
ly, and is also used in wildlife plant-
ings (Holt and Bashaw 1976, Holt et
al. 1985). However, it may not survive
some winters north of approximately
32.5° latitude. Weeping lovegrass is
adapted mainly to sandy soils in north
Texas and in central to western
Oklahoma (Voigt and Sharp 1994). It
establishes easily, starts growth earli-
er, and may be grazed or cut earlier
than other warm-season grasses in the
spring. Nutritive value of weeping
lovegrass, however, may be very low
with improper grazing or harvest man-
agement (Mynhardt et al. 1994a).

To design effective forage systems,
producers need information on pro-
ductivity, quality, and persistence of
species and varieties of warm-season
grasses suitable for conserved forage.
The objective of this study was to
determine the potential of some alter-
native warm-season perennial grasses
in the central Texas environment by
evaluating them for yield, morpholog-
ical traits, and nutritive value.

Materials and Methods

This research was conducted at the
Texas Agricultural Experiment Station
Blackland Research Center in Temple,
Tex.  and at the Texas A&M Univer-
sity Agricultural Research and
Extension Center in Stephenville, Tex.
Temple is in the Blackland Prairie
region of Texas, an area of gently
rolling to level topography and fertile
soils (Gould 1975). Stephenville
(about 160 km north of Temple) is in
the Cross Timbers region of Texas, an
area of sandy, low fertility soils, and
hilly terrain (Gould 1975). The soil at
the Blackland Research Center is a
Houston black clay (fine, montmoril-
lonitic, thermic, Udic Pellusterts) and
at Stephenville a Windthorst fine
sandy loam (fine, mixed, thermic,
Udic Paleustalfs). 

Kleingrass and weeping lovegrass
were compared with 6 alternative
grasses (Table 1). Seedlings of each
grass were transplanted from green-
house pots to the field in April 1993

when the plants were 3-months old.
Plots at Temple consisted of 4 rows
(0.3 m between rows) 3.66 m long.
Plots at Stephenville were 5 rows (0.3
m between rows) wide and 3.66 m
long. Within-row plant spacing at each
location was 0.3 m. The experimental
design at each location was a random-
ized complete block with 4 replicates.
The plants were watered at transplant-
ing and as necessary during the sum-
mer of 1993 to ensure establishment. 

In 1994, plots at both locations were
burned in March and 67 kg N ha-1 and
78 kg P2O5 were applied at Stephen-
ville and 78 kg N was applied at
Temple. In 1995, plots were clipped in
March and 78 kg N ha-1 was applied at
each location. Plots were not burned
in 1995 because of insufficient fuel.
Plots were harvested on 19 May, 28
June, and 29 August 1994 and 22
May, 10 July, and 25 September 1995
at Stephenville. Exceptions were WW-
B. Dahl old world bluestem, which
was harvested twice each year (10
June and 29 August 1994; 20 June and
25 September 1995) and weeping
lovegrass, which was harvested on 4
May, 20 June, and 25 September. At
Temple, plots were harvested on 23
May, 7 July, and 7 October 1994, and
18 May, 3 July, and 28 September
1995. At each harvest, 4 plants per
plot were clipped to a 7.6-cm stubble
by hand to determine tiller number per
plant and individual tiller weight.
Initial tiller counts were made in
March 1994 at each location. To deter-
mine forage yield, the center 2
(Temple) or 3 (Stephenville) 3.66-m
rows were clipped with a sickle-bar
harvester to leave a 7.6 cm stubble.
Fresh weight was recorded and a 450

g sample of harvested forage was
placed in a cloth bag and dried at 55°
C for 48 hours to determine dry matter
(DM) percentage.

Dried samples were ground sequen-
tially through a 2 mm screen in a shear
mill and through a 1 mm screen of an
impact mill. Near-infrared reflectance
spectroscopy (NIRS; Model 6250,
Perstorp Analytical, Silver Spring, Md)
was used to analyze samples for crude
protein (CP), neutral detergent fiber
(NDF), acid detergent fiber (ADF), and
acid detergent lignin (ADL). Samples
for calibration were selected based on
spectral characteristics via the pro-
grams CENTER and SELECT (Infra-
soft International, Port Matilda, Penn.;
Shenk and Westerhaus 1991).

Calibration (100 samples) and vali-
dation (19) samples were analyzed in
duplicate for CP (Kjeldahl N x 6.25;
Bremner 1965), NDF, ADF, and ADL
(Van Soest and Robertson 1980).
Sodium sulfite and decalin were omit-
ted from NDF and ADF analyses;
amylase (heat-stable α -amylase;
Sigma A3306, Sigma, St. Louis, Mo)
was added during NDF analysis. A
modified partial least squares proce-
dure (Infrasoft International, Port
Matilda, Penn.) was used to develop
calibration equations. Calibration and
validation statistics are in Table 2.
Values for NDF, ADF, ADL, and CP
were weighted by the dry weight from
individual harvests and summed into
annual values (Cherney and Volenec
1992).

The experiment was analyzed as a
randomized complete block design
with 4 replicates as blocks. A com-
bined ANOVA indicated significant
year by location by entry, year by

Table 1. Warm-season perennial grasses evaluated at Stephenville and Temple, Tex. in 1994 and
1995.

Scientific name Common name Cultivar

Digitaria eriantha Stued. Tufted digitgrass Irene
Cenchrus ciliaris L. buffelgrass 409–704
Eragrostis superba Peyr. Wilman lovegrass Palar
Pennisetum orientale Rich Oriental pennisetum PI 269961
Bothriochloa bladhii (Retz S.T. Blake) old world bluestem WW-B.Dahl
Pennisetum flaccidum Greisb. flaccidgrass Carostan
Panicum coloratum L. kleingrass Selection-75
Eragrostis curvula (Schrad.) Nees var. curvula Nees weeping lovegrass Ermelo
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entry, and location by entry interac-
tions for DM yield and nutritive value,
thus separate analyses were conducted
for each location within each year.
Tiller number and weight data were
analyzed for individual harvests with-
in each location and year, and plotted
with a least significant difference
(LSD, P < 0.05) value to show trends
and patterns in tiller dynamics.

Results and Discussion

Forage Dry Matter Yields
WW-B.Dahl old world bluestem and

Ermelo weeping lovegrass produced
more forage dry matter than other
species in 1994 and 1995 at both
Stephenville and Temple (Fig. 1, 2).
WW.B-Dahl old world bluestem
matured about 1 month later in spring
(June vs. May) relative to other old
world bluestems such as ‘WW-Spar’
and ‘WW-Ironmaster’ at Stephenville
(Sanderson et al. 1992.) and was later
maturing than other grasses in the cur-
rent experiment. WW-B.Dahl was
originally collected in India, selected
in Oklahoma, and released in 1994
(Dewald et al., 1995). WW-B.Dahl
has been evaluated in Oklahoma, New
Mexico, and west Texas; these are the
first reported data on its performance
in central Texas. Its performance in
this experiment indicates that it is
adapted to diverse soils and climate
conditions.

Tufted digitgrass produced as much
forage as kleingrass except at Temple
in 1994 when digitgrass yielded less.
These data indicate that tufted digit-
grass does as well as kleingrass on

both sandy and clay soils. Further
evaluations are needed to determine
its winter survival at locations farther
north in the southern plains. If adapt-
ed, digitgrass would be an alternative
in areas where kleingrass has marginal
winter survival. Much of the informa-
tion available on digitgrass for the
southern U.S. pertains to stoloniferous
types such as ‘Pangola’ in the south-
eastern U.S., particularly Florida
(Ocumpaugh and Sollenberger 1994).
The tufted types of
digitgrass may be
more adapted to
lower rainfall areas
than the stoloniferous
types (Theunissen
1995) and some may
be more winterhardy
(Oakes and Langford
1967).

F l a c c i d g r a s s ,
Oriental pennisetum,
and buffelgrass were
the lowest yielding
species at Stephen-
ville in both years.
These species grew
slowly in the spring
of 1994 and 1995 at
Stephenville, and by
late summer they had
little regrowth. These
plots also became
infested with crab-
grass [Digitaria cil-
iaris (Retz) Koel]
and Texas panicum
(Panicum texanum
L.).

Buffelgrass gener-
ally does not persist

north of San Antonio, Texas (approxi-
mately 29.5° N latitude; M.A. Hussey,
personal communication, 1996) and it
did not survive more than 3 years in
previous trials at Stephenville
(Sanderson et al. 1991). We included
409–704 buffelgrass in this experi-
ment because it had been selected for
improved winter survival (Hussey and
Bashaw 1996). Hussey and Bashaw
(1996) evaluated 409–704 buffelgrass
and ‘Cowboy’ P. orientale at
Stephenville during 1987 to 1988 and
reported winter survival scores of 83
and 100% respectively, which were
higher than for commercially released
cultivars of buffelgrass. Plots were
visually rated for winter survival in
spring 1996 at Stephenville and no
significant plant loss was observed.
Thus, even though winterhardiness in
409–704 buffelgrass has been
improved, its low yield in field pro-
duction would not be acceptable in
central Texas or similar environments. 

Yields at Temple in 1995 were sig-

Table 2. Calibration and validation statistics for near infrared reflectance spectroscopy (NIRS)
analysis of nutritive value in 8 warm-season perennial grasses.

                       Calibration                                            Validation         

Item N Mean SEC SECV 1-VR N SEP(C) r2

- - - - - - -( g kg-1) - - - - - -                                       (g kg-1)

Neutral detergent fiber 97 69.4 0.94 1.10 0.96 19 1.17 0.97
Acid detergent fiber 100 37.4 0.80 0.95 0.90 19 0.80 0.91
Acid detergent lignin 98 3.97 0.25 0.32 0.84 19 0.36 0.82
Crude protein 94 5.83 0.42 0.48 0.96 19 0.45 0.97

N = number of samples. SEC = standard error of calibration. SECV = standard error of cross validation for 4 groups.
1–VR = proportion of variation in the reference method explained by NIRS. SEP(C) = standard error of performance
corrected for bias. r

2
= squared coefficient of simple determination from regression of known values on NIRS pre-

dicted values.

Fig 1. Forage dry matter yields of 8 warm-season perennial
grasses at Stephenville and Temple, Tex. in 1994. Means with
different superscripts differ at P < 0.05. L.S.D. = least signifi-
cant difference. CV = coefficient of variation.
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nificantly lower than in 1994 with the
largest reductions occurring at the
May harvest (Fig. 1 and 2). Weeping
lovegrass and Wilman lovegrass
yields decreased by 29 and 25%,
respectively, between 1994 and 1995.
Yields of other species were reduced
by 39 to 54% from 1994 to 1995.
Rainfall in January and February of
1995 at Temple was less than one-half
of normal (4.5 vs 12.2 cm for the 30-
year average); however, rainfall dur-
ing March through May was normal or
above normal. Thus, early season
growth in 1995 probably was not lim-
ited by rainfall. Temperatures during
March to June were 1 to 2°C below
normal, which may also have reduced
yields the following year. Rainfall at
Temple during August through
October of 1995 was 13.6 cm below
the normal of 22.2 cm, which limited
regrowth during late summer and
delayed the final harvest until October.
Rainfall at Stephenville was above
normal in both years (96 and 90 cm in
1994 and 1995, respectively, com-
pared with 30 year average of 74 cm).

Tiller Dynamics
Tillers per plant generally explained

most of the yield differences among
species as plant density was held con-
stant. In general, the lowest yielding
species had the fewest tillers per plant.
Ermelo weeping lovegrass and WW-
B.Dahl old world bluestem had the
greatest number of tillers per plant at
most harvests at Stephenville and
Temple in 1994 and 1995 (Fig. 3).
Tiller numbers at Stephenville were
highest at the May harvest each year
(except for flaccidgrass in 1994 and
buffelgrass in 1995) and declined at
subsequent harvests. In 1995, it was
difficult to determine the boundaries
of individual plants of flaccidgrass and
Oriental pennisetum at both locations
because of their rhizomatous growth
habit. Therefore, tiller counts were not
reliable and are not presented.

Tiller weights varied inversely with
tiller numbers (r = –0.27, P < 0.05, n =
96). Weeping lovegrass tillers were
lighter than many other grasses at
some harvests (Fig. 4), but its ability

to produce a large number of tillers
per plant (Fig. 3) contributed to its
higher yields. Mynhardt et al. (1994b)
reported  that the ability of weeping
lovegrass to produce large numbers of
lateral tillers contributed to its com-
petitiveness in South African pastures.
At Stephenville, tillers of WW-B.Dahl
old world bluestem were among the
heaviest, which along with a high
number of tillers per plant contributed
to its higher yields compared with
other grasses. At Temple, tiller
weights of WW-B.Dahl were interme-
diate to those of other grasses. The
increase in Wilman lovegrass tiller
weight in July and September of 1994
at Stephenville was associated with a
decrease in tiller numbers at these
dates. Tiller weights of all grasses at
Temple decreased as the season pro-
gressed in 1994 with the exception of
tufted digitgrass. Wilman lovegrass, kle-
ingrass, or tufted digitgrass had the heav-
iest tillers at each harvest in both years.
But, these grasses were also among those
with the fewest tillers per plant. 

Fig. 2. Forage dry matter yields of 8 warm-season perennial grasses at
Stephenville and Temple, Texas in 1995. Means with different super-
scripts differ at P < 0.05. L.S.D. = least significant difference. CV = coef-
ficient of variation

Fig. 3. Tiller numbers (per plant) of 8 warm-season grasses at
Stephenville and Temple, Texas during 2 years. Data are
averages of 4 replicates and 4 plants per replicate. Numbers
along the bottom axis are least significant difference
(L.S.D.) values at P < 0.05.
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In spaced planted swards of grasses,
tiller number generally influences for-
age yield more than does tiller weight
until a dense, closed sward forms
(Zarrough et al. 1983a, 1983b,
Montero and Jones 1992). In our
study, plants were spaced relatively
wide, and a dense, closed sward did
not form as may happen in temperate,
humid climates. We established these
plots by transplants to ensure uniform
stands of all entries at each location.
Denser swards may be formed under
farm and ranch conditions where the
grasses would likely be planted with a
drill or broadcast seeded (Welch and
Hafercamp 1981). A denser canopy
may have limited weed invasion into
plots of some of the lower yielding
species.

Nutritive Value
Because of significant year by loca-

tion by species interactions, nutritive
value data are presented by individual
locations and years. Nutritive value of
these species was typical for warm-

season grasses: high in fiber and low
in CP (Van Soest 1994). The love-

grasses had the highest NDF concen-
trations at both locations followed by
kleingrass (Table 3). Tufted digitgrass
and the lovegrasses had the highest
ADF concentrations. Rankings for
ADL concentrations were similar to
those for NDF.

WW.B-Dahl had lower detergent
fiber concentrations than weeping
lovegrass (Table 3) indicating that ani-
mal intake of the old world bluestem
may be greater than lovegrass. On the
other hand, CP concentrations in WW-
B.Dahl were lower than weeping love-
grass at Stephenville, but similar or
higher at Temple. Both forages would
likely need to be supplemented with
protein depending on the class of
stock to be fed.

Weighted CP concentrations of all
grasses were low, about 4 to 8%. The
highest CP concentrations occurred in
primary growth (8 to 12%, data not
shown), whereas regrowth from later
harvests was very low in CP (5% or
less, data not shown). McMurphy et
al. (1975) also noted similar seasonal
trends for weeping lovegrass in
Oklahoma where CP was 10% in first
(June) harvest forage and 5% in forage
harvested in August. Huston et al.
(1981) reported very low CP (2 to 7%)
in mature forage of several warm-sea-

Fig. 4. Individual tiller weight of 8 warm-season grasses at Stephenville and Temple, Texas
during 2 years. Data are averages of 4 replicates and 4 plants per replicate. Numbers
along the bottom axis are  least significant difference (L.S.D.) values at P < 0.05.

Table 3. Concentrations of neutral detergent fiber, acid detergent fiber, acid detergent lignin, and
crude protein in 8 warm-season bunchgrasses at Stephenville and Temple, Texas in 1994 and
1995.

   Stephenville        Temple             Stephenville          Temple       
Entry 1994 1995 1994 1995 1994 1995 1994 1995

- - - - - - Neutral detergent fiber- - - - - - -   - - - - - - - Acid detergent fiber - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - (% of dry matter) - - - - - - - - - - - - - - - - - - - - - -

Tufted digitgrass 66.5 66.8 67.0 66.0 38.2 38.9 39.6 38.8
Buffelgrass 65.7 65.7 66.2 67.3 34.3 36.8 36.2 35.9
Wilman lovegrass 73.5 72.1 74.5 76.6 39.5 39.0 41.1 41.2
Oriental pennisetum 63.9 67.2 65.7 66.4 33.5 35.6 36.4 35.7
Old world bluestem 68.0 71.9 66.3 67.3 35.5 38.0 35.9 35.5
Flaccidgrass 65.4 67.4 66.5 66.9 34.7 36.2 36.9 36.4
Kleingrass 67.8 70.2 69.4 70.1 34.6 36.2 37.3 36.1
Weeping lovegrass 77.0 79.9 75.5 79.4 38.5 40.1 38.3 39.8
L.S.D. (0.05) 1.61 1.33 1.78 1.00 0.96 0.81 1.58 0.64
-                                   - - - - - - Acid detergent lignin - - - - - -      - - - - - - - - -Crude Protein - - - - - - - -
Tufted digitgrass 3.3 3.4 3.9 3.6 6.9 6.0 6.2 5.9
Buffelgrass 3.1 4.4 3.5 3.2 6.7 7.0 5.8 5.6
Wilman lovegrass 4.7 4.9 5.2 5.1 5.5 5.7 4.8 4.8
Oriental pennisetum 3.2 3.4 3.8 3.4 8.2 6.8 7.2 6.9
Old world bluestem 3.6 3.7 3.9 3.7 5.0 3.9 5.7 5.5
Flaccidgrass 3.2 3.6 3.9 3.5 7.5 6.5 6.5 6.8
Kleingrass 3.9 4.1 4.7 4.2 6.7 6.0 6.4 5.8
Weeping lovegrass 4.1 4.3 4.7 4.3 6.3 5.1 5.6 4.6
L.S.D. (0.05) 0.19 0.36 0.26 0.15 0.62 0.60 0.83 0.50
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son range grasses in the Edwards
Plateau of Texas. Heckathorn and
Delucia (1996) demonstrated that
warm-season prairie grasses translo-
cated shoot nitrogen to below ground
organs during drought. Water-deficit
stress can develop quickly on the
sandy Windthorst soil at Stephenville,
thus translocation of nitrogen may
have occurred and lowered nitrogen
concentrations in the grasses. The low
CP concentrations in our study may
also have resulted from relatively low
amounts (78 kg ha-1) of nitrogen fertil-
izer used.

Conclusions

WW B-Dahl old world bluestem and
Irene tufted digitgrass are promising
alternative forage grasses for live-
stock-forage systems under limited
nitrogen fertilizer inputs in Texas.
Both grasses performed as well as
weeping lovegrass or kleingrass and
the nutritive value of both was superi-
or to lovegrass. WW-B.Dahl matured
about 1 month later than other old
world bluestems. Oriental pennisetum,
flaccidgrass, and 409-704 buffelgrass
(selected for improved winter sur-
vival) persisted for 3 winters at
Stephenville; however, their poor for-
age production indicates that there
may be other factors limiting their
growth in this environment.
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