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Abstract
The use of standing dead biomass, during the winter that was
produced by warm-season grassesin the previous growing season
by pregnant beef cows may be an alternative to grazing systems
in the semi-arid Pampean Region of Argentina. This study, conducted over 2 years, 1990 and 1991, compared the winter forage
quality produced during the previous growing season for 4
warm-season grasses; switchgrass (Panicurn virgutum L. cv.
Pathfinder), kleingrass (Panicurn colorutum L.), tetrachne
(Tetruchne dregei New) and weeping lovegrass (Erugrostis curvula (Schrad), Nees cv. Tanganyka). Five harvests of the summer
growth started after the first frost, and were spaced evenly
throughout the winter period. Changes in the standing crop of
dry matter were measured and subsamples of forage were divided into leaf and stem fractions. Forage quality analysesincluded:
crude protein (CP), in vitro dry matter digestibility @VDMD),
effective rumen degradability (ED), neutral (NDF) and acid
(ADF) detergent fiber and lignin. Tetruclzne dregei produced forage with a higher leafxtem ratio and of generally higher quality,
than the other species,although the differences were not always
significant. Its CP content was marginally below the maintenance
requirements of cows. Dry matter yield of tetrachne was lower
than that of weeping lovegrass, but differences were only significant in 1990. Kleingrass generally was high in quality and dry
matter yield, although it was the lowest in percentage of leavesof
the 4 speciesevaluated. Switchgrass was the least productive; the
nutritive value of its forage was low, comparable or lower than
that of weeping lovegrass. The first harvest date was higher in
nutritive value. Although the nutritive value of leaves and stems
were not compared statistically, the leaves tended to be higher
than the stems. Tetruchne dregei, the best of the speciesevaluated
in this study, is a very promising warm-season grass, which could
provide nutritious forage for winter grazing systems in the semiarid Pampean Region of Argentina.
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The semi-arid Pampean Region is characterized by highly variable annual and seasonal distribution of rainfall with a generally
dry winter season(Table I). The growth rate of temperate grasses
during the winter is near zero with growth restricted to the spring,
summer and fall seasons.Cool season annuals provide forage of a
high quality to grazing animals, but production is more expensive. This disadvantage becomes even more important if the forage is grazed by cattle with relatively low requirements such as
pregnant dry cows.
One way to provide an economical winter forage would be to
use forage produced during the previous growing season, by
warm-season grasses,as standing forage during the winter (Covas
1982). This forage would need to retain much of its quality in the
dormant stage. Until now, in Argentina the only warm-season
species that has been studied is (Erugrostis cunwla (Schrad),
Nees cv. Tanganyka) weeping lovegrass. However, its quality as
deferred forage is low (Rabotnikof et al 1986a). The evaluation of
native warm-season grasses showed that their deferred forage
quality was similar to that of weeping lovegrass, but dry matter
yields were much lower (Rabotnikof et al 1986a, 1986b, Stritzler
unpublished results). Therefore, a warm-season grass with higher
mature forage quality than weeping lovegrass, may be useful.
The aim of this study was to evaluate the amount and quality of
forage produced by selected warm-season grassesrecently introduced in the semi-arid Pampean Region, and to compare them
with the widely used weeping lovegrass throughout the winter
season.

Materials and Methods
This study was conducted in 2 years, 1990 and 1991 on the
Facultad de Agronomfa, Universidad National de La Pampa,
Santa Rosa, La Pampa, Argentina, Lat: 36” 46’ S; long: 64” 16
W; 210 m ASL.
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Table 1. Monthly, Annual (from January to December) and Annual (from October to September next year) rainfall (in mm) for 1989,1990, and 1991
at the Facultad de Agronomia, Universidad National de La Pampa, Santa Rosa, La Pampa, Argentina.
Year

1989
1990
1991
Long,

JiIIl
Feb. Mar.
Apr.
May.
____---_______--____-----------------------*--40.9 66.1
108.6
1.9
79.3
58.1 98.1
69.2
23.5
70.9
182.5 59.0
15.4
21.0
55.2

term- 106.5

75.1

101.1

59.5

37.6

Aug.
(-)

Oct.
Nov.
Sept
______________________

AIlllUal
Annual
$llc
Oct. 1989- Oct. 1990Dec. Dec.
Sep. 1990 Sep. 1991)
* _________________________
*

59.9
6.4
17.1

46.7
0.3
36.7

16.6
53.4
67.5

36.4
72.5
52.3

83.9
70.0
167.9

224.1
52.1
274.4

774.5
574.5
995.5

27.1

32.6

60.3

47.5

109.6

115.8

787

June

Month
July

10.1
0.0
46.5
14.2

The 4 warm-season grassesevaluated of were:
1. Weeping lovegrass (Eragrosris curvula (Schrad) Nees, cv.
Tanganyka)
2. Switchgrass (Panicum virgatum L. cv. Pathfinder)
3. Kleingrass (Panicum coloratum L.)
4. Tetrachne (Tetrachne dregei Nees)
Weeping lovegrass was considered as “control”, as it is a well
known, wide-spread forage speciesin our Region.
The 4 species were planted in plots of 4.20 m long by 2.40 m
wide each, consisting of 4 rows spaced 0.60 m apart; each row
consisted of 14 plants spaced 0.30 m apart. All the plots were
planted between 27 March 1989 and 4 April 1989.
The plots were arranged into a randomized complete block
design, with 5 harvest dates, spaced at approximately 1 month
intervals during the winter and 3 replications for each species.
The whole experiment, therefore, included 60 plots (4 speciesx 5
harvest dates x 3 replications).
The experimental stands of grasseswere prepared for study by
cutting all the plants to a uniform height of about 5 cm at the end
of the winter season, 1989. During the growing season, weeds
were controlled manually.
Harvesting was started after the first frost. Harvesting dates for
the 2 years of observations were:
1.20 April 1990.17 April 1991
2.18 May 1990,16 May 1991
3.18 June 1990,17 June 1991
4. 16 July 1990, 15 July 1991
5.15 August 1990, 15 August 1991
After the last harvest of the first year, the plots were fertilized
with 100 Kg N/ha (9 Sept. 1990).
On each harvest date, 3 plots of each species were clipped at
about 5 cm from ground level. Total weight was recorded and a
subsample of each was dried at 65°C for 72 hours, to estimate dry
matter yields, ground through a 1 mm screen in a Wiley mill and
stored for laboratory analyses. Another subsample of each plot
was separated into leaf and stem fractions. Leaves consisted of
blades, broken off at the sheath, and stems included heads, where
present. After separation, both fractions were dried at 65°C for 72
hours, weighed to estimate the percentage of each plant part and
ground and stored as described above for the whole plant.
As each harvest date included 12 plots (4 speciesand 3 replications), and 3 subsamples (leaf, stem, and whole plant) from each
of them were obtained, the laboratory analyses were performed
on 36 samples from each harvest date.
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724.5

695.5

784.2

Laboratory Analyses
Crude protein content (CP) was determined by the semimicro
Kjeldahl method (N x 6.25); in vitro dry matter digestibility
(IVDMD) was measured according to the method of Tilley and
Terry (1963), modified by Alexander and McGowan (1966); neutral detergent fiber (NDF) and acid detergent fiber (ADFI analyses were performed as described by Goering and Van Soest
(1970), and lignin content according to Christian (197 1).
The samples were also incubated in sacco, in nylon bags, in the
rumens of three fistulated steers. The bags, made of polyamide
cloth with a mean pore size of 50 p, were tightly closed with a
fishing line, and bound to a rubber stopper by a self clinching tie.
To maintain a relationship of 12.5 mg dry matter/cm’ of bag surface area, which was about 130 cm* excluding closing area, 1.60
g of dry matter was included in each bag. The samples were incubated in the rumens for 72,48,36,24,
16, 12, and 8 hours, and
withdrawn from the rumens, cleaned under running tap water for
5 minutes and washed in a washing machine with cold water for
1 hour. Another set of 3 nylon bags containing samples were
incubated in distilled water at 38°C for 15 minutes, to determine
initial washing losses.The cleaned nylon bags were then dried at
65°C for 12 hours and weighed.
The effective degradability of forage in the rumen (ED) of each
sample was calculated as described by McDonald (1981):
ED=a+b
EXP(-(c+k)T)
(1)
c+k
where:
ED = effective degradability
a = initial washing loss
b = potential degradation
c = degradation rate
k = rumen outflow rate (given)
T = time (in hours)
Stastical Procedure
The results for each parameter measured were statistically
treated, within year and plant part, by analysis of variance. Means
with significant differences were compared using Tukey’s test
(Sokal and Rohlf 1979).
Results and Discussion
Comparison Between Species
The amount of mature standing forage over the winter period
for both years of the study averaged from 5,442 kg/ha for switchJOURNAL
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Table 2. Dry matter yield (in kglha) of whole plant, percentage of leaves and leafistem ratio, on dry matter basis, of 4 warm-season grasses (means of 5
harvest dates).
Year
Species

1990

Weeping
lovegrass
Switcbgms

Kleingrass
Tetrachne

Averaee

1991

W
matter

leave5

leaf:
stem

DW
matter

leaves

leak
stem

Dry
matter

leaves

lea6
stem

C?MW
10081”
3s74b
8552’
5294b

61
47.1=
30.0’
13.2d
39.0b

0.89
0.43
0.15
0.64

(kg/ha)
101s2=
7099=
8096=
7252”

(%I
44.1=
34.lb
19.F
43.8”

0.79
0.52
0.24
0.75

‘:i?
5442
8324
6213

(%)
45.6
32.1
16.2
41.4

0.84
0.48
0.20
0.71

Valuesv&in a column.followed by different letterruesignificantlydifferent(RO.05).
grass to a high of over 10,000 kg/ha for weeping lovegrass. In
general, weeping lovegrass produced the most forage, kleingrass
second, tetrachne third and switchgrass the least (Table 2). The
differences in standing forage over the winter were significant
(PcO.05) only for the 2 most productive grassescompared to the
2 other grassesduring the first year of the study only. There were
no significant differences in herbage yields in 1991 even though,
yields ranged from about 7,100 to over 10,000 kg/ha.
The average annual, winter and summer temperatures at the
study site were 15.6,8.4, and 22.7’ C, respectively.
Total annual rainfall varied from a low 574.5 mm in 1990 to
995.5 in 1991 (Table 1). This compares to 787 mm of longterm
annual average rainfall collected at Facultad de Agronomia,
Universidad National de La Pampa . The difference between the
2 study years, 1990 and 1991, was considerably less if the rainfall
is summed over a “crop year” that begins in October and runs
through September of the following year. Moreover, considering
a “crop year”, the annual rainfall of 1990 and 1991 were not far
from the longterm average (Table 1).
Over both study years, percentage of the leaves ranged from a
low of 16% for kleingrass to over 40% of the dry matter in leaves
for weeping lovegrass and tetrachne. There were significant differences in the percent leaves for the 4 grassesstudied. In 1990
these differences were significant between each of these species
(PcO.05). During 1991 there were no differences in percent
leaves between weeping lovegrass and tetrachne but there were
differences between these 2 grasses and switchgrass which had
34.1% leaves, and kleingrass which had 19.1 % leaves.
The statistical significance of differences between the forage

speciesand the errOrmean squarescan be seen in Table 3.
Z’etrachnedxgei generally had the highest forage quality characteristics measured in this study. The CP content was highest
(PcO.05) in tetrachne and lowest in switchgrass for all fractions,
in both years, although some of the differences were not significant (Tables 3 and 5).
For all plant fractions, in both years, IVDMD of tetrachne was
significantIy higher (PcO.05) than that of weeping lovegrass and
switchgrass. The IVDMD of kleingrass was also higher (PcO.05)
than the values of weeping lovegrass and switchgrass, for all
plant fractions in 1991 and for stem and whole plant in 1990.
Stem digestibility for tetrachne and kleingrass ranged from 50 tc
55% early in the winter season to between 45 and 50% by the end
of the winter period. The stem and whole plant fractions effective
rumen degradability (ED) values were highest for kleingrass and
tetrachne and lowest for weeping lovegrass. The effective degradability (ED) of leaves was highest for switchgrass (PcO.05) and
lowest for weeping lovegrass.
The NDF content of leaves was highest in weeping lovegrass
and lowest in switchgrass and kleingrass (PcO.05). The percentage of NDF of the stem fraction, on the other hand, was higest in
switchgrass and lowest in kleingrass (PcO.05). The NDF content
of the whole plant was higher for weeping lovegrass and switchgrass than for kleingrass and tetrachne (PcO.05). The percentage
of ADF was highest for all fractions, in both years, in switchgrass
(P<O.O5),while tetrachne tended to have the lowest values.
The lignin content of tetrachne averaged 5.66% across both
years and was significantly lower than weeping Iovegrass and
switchgrass (PcO.05).
The dry matter yield of weeping lovegrass tended to be higher

Table 3. Error mean squares and statistical significance of differences of quality parameters of forage (whole plant) produced by Weeping Lovegrass
(JV), Switchgrass (S), Kleingrass (K) and Tetrachne (T).

W-S

1990
Statistical significance of
differences
W-K
W-T
S-K

0.36
19.91

**
NS

NS
**

**
**

**
**

7.41
2.32
1.21
0.21

**
NS
**
NS

**
**
**
**

**

**
**
**
**

Quality
Error
Parameter mean
squares
CP
In vitro
DMD
ED
NDF
ADF
Ligain
* :kc.o5
l *:p<o.o1
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S-T
**
**

K-T
**
NS

0.03
11.33

**
NS

**

NS
NS
**
**

8.12
0.92
0.43
0.38

NS
*
**
NS

NS
**
*+

1996

Error
mean
squares

1991
Statistical significance of
differences
W-K
W-T
S-K
**
**
**
**
**
**
**
**
NS
**

**
**
**
**

**
**
**
**

S-T
**
**

K-T
**

**
**
**
**

NS
NS
**
**

NS

123

in winter than the other species,but its quality was generally the
lowest. On the other hand, tetrachne was generally the highest in
CP, IVDMD and effective degradability and the lowest in NDF,
ADF and lignin. In addition, tetrachne had a high percentage of
leaves compared to the other species.
Kleingrass forage was generally of better quality than weeping
lovegrass, while dry matter yields were about 2,000 kg/ha less
(Table 2). The percentage of kleingrass leaves was the lowest of
the 4 species evaluated. Kleingrass should be considered for forage production during the growing season, as it seems likely that
its leaf: stem ratio would be better. Switchgrass, was the least
productive species and its quality was rather low. Switchgrass
stems were extremely low in quality (see Table 4). Switchgrass
Table 4. Quality parameters (means of 2 years) of leaves, stems and
whole plant, produced by weeping lovegrass, switchgrass, kleingrass
and tetrachne.
Quality
parameter’
Crude
protein
In vitro
dry matter
digestibility
Effective
degradability
Neutral

detergent
fiber
Acid
detergent
fiber
Lignin

Plant fraction

Led

Stem
Whole
Leaf
Stem
Whole
Leaf
Stem
Whole
Leaf
Stem
Whole
Leaf
Stem
Whole
Leaf
Stem
Whole

Weeping SwitchKleinlovegrass grass
grass
-------------(Sol-----------4.4s
3.67.
’ 5.91
3.29
2.91
1.83

Tetrachne

7.03
4.18
5.30

plant

3.83

2.41

plant

48.30
41.60
44.60

49.00
40.30
43.30

3.40
52.30
48.40
49.00

54.40
47.70
50.40

plant

43.60
36.80
39.70

60.50
36.00
42.10

54.70
43.60
45.40

52.10
41.10
45.60

plant

76.20
79.40
78.00

68.30
83.30
78.50

67.90
77.70
75.90

74.10
78.00
76.40

plant

40.00
44.50
42.40

44.20
49.80
48.00

38.20
45.90
44.60

37.20
42.30
40.20

plant

5.53
7.37
6.53

5.12
7.21
6.51

4.62
6.93
6.55

4.66
6.54
5.76

leaves were low in CP content and while the IVDMD of switchgrass leaves were low, its effective degradibility (ED) was among
the highest. These differences could be attributed to its comparatively low cell wall content and, within the cell wall, a higher
hemicellulose: cellulose ratio (compare NDF and ADF values).
The comparatively low cell wall percentage implies a relatively
high cell content, which is highly soluble and degradable in the
rumen. The high content of hemicellulose in the cell wall might
have also contributed to the ED of leaves. Stritzler (1988) has
shown that hemicellulose is digested at a higher rate and extent
than cellulose.
Comparison Between Harvest Dates
Only the samples of the first harvest date were of significantly
higher quality. Although there was a trend toward lower dry matter yields with successive harvest dates, these differences were
not significant (Table 5). There were no significant differences in
leaf percentage, and CP content among harvest dates. The
IVDMD and effective degradability (ED) were not significantly
different among harvest dates in 1990, but in 1991, harvest dates
1 and 2 had higher leaf IVDMD than 3,4, and 5 and higher stem
and whole plant fraction ED.
124

Table 5. Dry matter yield in (kg/ha) of whole plant, percentage of leaves
and Leakstem ratio, on dry matter basis on each harvest date (means
of the 4 grasses evaluated) over the 2 years.
Year
Harvest
1990
1991
date
Dry matter Leaves LeaEstem Dry matter % LeavesLeafzstem

WW

(%)

1

so12=

31.6=

2
3
4
5

7128”
6536=
6592a
6597=

33R
30.1”
33.6=
32.ga

Wha)
0.46
0.50
0.43
0.51
0.49

s179=
S500J

s11g3
7425”
7s95=

(%I
37.v
35.6=
34.1”
33.9=
35.0=

Values within a columa, followed by different letter. are sigaiticaatly

0.61
0.55
0.52
0.51
0.54
different (Pc0.05).

Stem digestibility for tetrachne and kleingrass range from 50 to
55 early in the winter season to between 45 and 50% by the end
of the winter period. The NDF, ADF, and lignin content of
leaves, stems and whole plant fractions tended to increase with
harvest date, in both years, but significant differences occurred
(PcO.05) only between harvest dates 1 vs. 3,4, and 5.
The partitioning of aboveground biomass between stems and
leaves has been reported recently (Ugherughe 1986, Coyne and
Bradford 1986, Dabo et al 1987, Nordkvist et al 1987, McBee
and Miller 1990). It is well known that the parts of the plant differ in quality, and that the nutritive value of leaves is generally
higher than stems. As the ruminant seldom eats whole plants,
whole plant analyses underestimate the nutritional value of forages. Stritzler et al (1986), offered forage of old world blnestem
(Borhriochlua
bladhii), a warm-season grass to ewes, ad libitum;
the leaf: stem ratio of the offered forage was about 1:4, while the
ratio was 1: 11 in the refused feed, demonstrating that the animal
preferentially consumes leaves. In the present study, the quality
parameters were measured on the leaves, stems and whole plant.
As expected (Terry and Tilley 1964), the nutritive value of leaves
was higher than that of stems; these data may help to explain
unexpected liveweight gain in animals grazing warm-season
grasses(Reid et al 1988; Mullahey et al 1992), because the chemical analysesof whole plant samples show a nutritive value only
enough to maintenance, while, due to selective grazing of leaves,
the diet consumed by the animals is much higher in quality than
that measured in the laboratory.
Numerous experiments have been carried out with weeping
lovegrass (Femfindez et al 1991), but no information is available
in the Argentine literature concerning the 2 species of the genus
Panicum evaluated in this study. This appears to be the first data
on forage yield and quality produced by Panicum virgatum and
Panicum coloratum in Argentina. The first study with Tetrachne
dregei was recently reported (Frasinelli et al 1993).
The 2 species of the genus Panicum are well known in the
United States of America, where they are important components
of the grazing systems of the Southern Great Plains and other
regions (Anderson and Matches 1983; Sanderson, 1992).
Kleingrass forage is also being evaluated in other parts of the
world (Minson 1971; Bansal et al 1986). However, most studies
were on growing seasonforage (Jung et al 1990). In these studies
where comparisons with our data could be made, their results
agreed with ours and confirmed that they are high yielding
species(Lugg et al 1987), with a low leaf: stem ratio (Sanderson
1992) and more nutritive leaves than stems (George and
Obermann 1989; Mullahey et al 1992).
JOURNAL
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Tetrachne dregei is a native grass of South Africa, where it is
not an important component of pastures, but only one of the
many species of the natural grasslands (Covas 1974). To our
knowledge, no information about this species,except for botanical description, is available in the literature.

Conclusions
Our results confirm earlier information (Rabotnikof et al 1986a,
1986b), that some warm-season grasses introduced to the semiarid Pampean Region of Argentina may be an alternative to
weeping lovegrass as standing deferred forage to grazing beef
cows. The results obtained in this study clearly showed that
Tetrachne dregei (tetrachne), during the winter, had the highest
nutritional value of those evaluated. Tetrachne had, generally, the
highest CP, IVDMD and effective degradibility (ED) content,
and the lowest content of NDF, ADF, and lignin. In addition, the
yield and percentage of leaves were good when compared to the
other species.
Panicum coloratum (kleingrass) was the second most productive and nutritious species, with high dry matter yield and forage
quality values higher than the standard, Eragrostis curvula cv.
Tanganyka (weeping lovegrass). Panicum
virgatum
cv.
Pathfinder (switchgrass) was generally the least productive
species in this study and its nutritive value was low. Early winter
forage was generally of highest quality, forage quality declined
most rapidly in early winter, thereafter the quality tended to stabilize in nutritive value.
In all the species under study, the quality of the leaves was
much higher than that of stems. Tetrachne had the highest
leafzstem ratio, and in addition, the nutritive value of both the
leaves and stems of this warm-season grass tended to be higher
than the other species studied. The dry matter yield of tetrachne,
although lower than the yield of weeping lovegrass, was relatively high. Tetrachne dregei is, therefore, a promising warm-season
grass, that may provide more nutritious forage during winter for
grazing systemsin the semi-arid Pampean Region of Argentina.
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