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Nutritional Characteristics of High Yielding 
Exotic Grasses for Seeding Cleared South 
Texas Brushland 
P.F. McCAWLEY AND B.E. DAHL 

Abstract 

Three exotic grasses potentially useful converting south Texas 
brush rangeland to permanent pasture were evaluated in 1976 and 
1977. Yearling cattle required 16.6,23.1, and 34.8 kg of forage per 
kg of gain for coastcross-l bermudagrass, kleingrass-75, and Bell 
rhodesgrass, respectively. Cattle gained 0.68, 0.56, and 0.33 
kg/ head daily grazing these species. They ate (forage disappearing) 
about 12 kg/head daily regardless of species, so daily gains directly 
reflected differences in quality among the forages. Our data suggest 
that the quality measure most nearly deficient was the factor most 
limiting animal performance, e.g., correlation between average 
daily gain and P content was r = 0.89 for cattle grazing Bell 
rhodesgrass. Its P content varied from 0.16 to 0.06% from spring to 
fall compared to 0.24 to 0.15% from spring to fall for the other two 
forages. Overall, 24-hr IVDMD (fermentation only) best corre- 
lated with animal daily gain. Generally, Bell rhodegrass had low- 
est, coastcross-l bermudagrass highest, and kleingrass- 
intermediate quality values, particularly for digestibility, crude 
protein, and digestible energy. Dry matter yields were 9.6, 11.6, 
and 11.8 thousand kg/ha for coastcross-l bermudagrass, 
kleingrass-75, and Bell rhodesgrass in 1976. 

Conversion of dense brush rangeland to permanent pas- 
ture has been an economically efficient practice for beef 
producers in South Texas (Carter 1958). However, to intelli- 
gently select a suitable forage species for seeding, one needs 
to evaluate both relative yield and quality among usable 
species. 

Three exotic grasses currently are popular for use on 
fine-textured, clay-pan soils of South Texas. Kleingrass 
selection-75 (Panicum coloratum) is the most popular, 
because it is well adapted, reportedly high in quality, poten- 
tially palatable all year, high in production, and produces 
seed eaten by birds, Bell rhodesgrass (Chloris gayana), an 
early grower resistent to rhodesgrass scale, has been com- 
monly grown. It is attractive to ranchers as it has good 
seedling vigor, greens up in spring, and has a high yield. 
Some ranchers report that it tends to disappear in 3 or 4 
years. Coastcross-l bermudagrass (Cynodon dactylon) is 
one of the most nutritious grasses available (Duble 1970). 
Some users report that it is less drought tolerant than coastal 
bermudagrass and that it is a poor producer after 4 or 5 
years. 

Because each species has attributes desired by South 
Texas ranchers, it was deemed necessary that the three 
species be compared under similar conditions so one could 
more intelligently choose among them as a seeding choice 
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following mechanical brush clearing. 
This paper compares the nutritional attributes of these 

three grasses grown on clay-pan soils typical of much brush 
infested rangeland in the Coastal Bend of South Texas. 
Also, yearling cattle performance is related to quality differ- 
ences among these grasses. 

Materials and Methods 

This study was conducted on a ranch 8 km north of Sinton in the 
Texas Coastal Bend. The region is subtropical with warm, humid 
summers and short, mild winters. Average annual precipitation is 
76 cm and the growing season is 335 days (Gould and Box 1969). 

During 1972 and 1973, 360 ha of rangeland infested with mes- 
quite (Prosopis glandulosa) and blackbrush acacia (Acacia rig- 
idula) was rootplowed and raked. Test grasses were established on 
the cleared rangeland from 1972 to 1974. To evaluate their effect on 
cattle weight gains, 1.8- to 2.0-ha test plots were fenced for grazing 
comparisons. Plots in the coastcross (coastcross-l bermudagrass) 
and klein (kleingrass selection-75) plantings were grazed in 1974 
and 1975. Bell rhodes (Bell rhodesgrass) plots were fenced in 1976. 
Also, yield and dry matter disappearance were first measured on 
plantings in 1976. 

During 1975 five yearling steers grazed continuously from May 1 
to December 2 on each 1.8-ha test plot. In 1976, a grazing system 
was established whereby test plots were quartered and yearling 
heifers grazed in rotation 2-weeks on each quarter from April 26 to 
October 15. Animal performance was measured as average daily 
gain (ADG) determined from bi-weekly weighings. Stocking rates 
were periodically adjusted according to relative pasture utilization. 
Hand-plucked samples to simulate diets were collected from each 
test plot bi-weekly from July to December in 1975 and from March 
to November in 1976. Samples were analyzed for 24 and 48-hr in 
vitro dry matter digestibility (IVDMD) using a modified Tilley- 
Terry technique (USDA 1970). A 24-hr in vitro fermentation only 
was included because we believed it to be a better measure to 
compare nutritive value among forages than the standard 48-hr 
two stage Tilley and Terry procedure. Minson and Milford (1967) 
found that 12-hr fermentation in IVDMD trials were more highly 
correlated with dry matter intake of rhodesgrass than other fer- 
mentation periods tested. Engles et al. (1970) reported that the 
48-hr, two stage technique was best correlated to dry-matter 
intake, and the 24-hr fermentation only was the best predictor of 
overall quality. 

Digestible energy (DE) was calculated from 48-hr organic mat- 
ter digestibility (IVOMD) coefficients determined according to 
USDA (1970). Crude protein (CP) was evaluated through micro- 
Kjeldahl techniques (AOAC 1970). Measurements of carotene 
were made according to Goodwin (1955), and phosphorous con- 
tent (P) was determined by a calorimetric vanadomolybdate indi- 
cator procedure (AOAC 1970). Organic matter (OM) was 
measured as weight loss following high temperature combustion, 
and moisture content following 48 hr drying at 55” C. 

Forage production and disappearance was determined in 1976 

442 JOURNAL OF RANGE MANAGEMENT 33(6), November 1960 



only. Twelve exclosure cages were used per test plot. Grasses of 
each test species were clipped to a I .5-cm stubble height in 3 paired 
0.45m2 plots per quarter pasture following each rotation of the 
heifers. Nutritional values for diet collection dates were correlated 
with corresponding ADG values. 

Early forage P analyses indicated low tissue P in Bell rhodes 
relative to that of the other grasses. To insure these differences were 
not soil related, soil samples were collected at 10 and 75 cm depths 
in 1976. Soil P in Bell rhodes plots was as high as in the other two 
plots. 

Statistical analyses were performed according to standard anal- 
ysis of variance procedures. Sources of variation were: species (3), 
years (2), dates within years (from 9 to I I), animals/ seeded species 
(5 to 6), and forage yield samples/date (3). Hand-plucked simu- 
lated diet samples were collected 3 times each season for each 
species. 

Results and Discussion 
Seasonal gains from yearlings were not different (KO.05) 

between those grazing coastcross or klein in 1975 or 1976. In 
1975, yearlings gained 260 and 285 kg/ ha, respectively. The 
coastcross plots allowed 534 steer days/ ha compared to 586 
for the klein plots. In 1976, yearling heifers gained 290 and 
280 kg/ ha, respectively. However, heifers grazing Bell 
rhodes gained only 180 kg/ ha during the same period. 
Heifer days/ ha were 433,502, and 541 for coastcross, klein, 
and Bell rhodes, respectively. 

Quality between years for either klein or coastcross was 
not different (KO.05) for the in vitro digestibility values, 
DE or OM. P and CP values were lower (KO.05) for 1976 
than for 1975. Because ADG was better related to the diges- 
tibility values and because the 1976 values for CP and P were 
consistently lower for both species in 1976 (i.e. no season- 
nutrient interaction) detailed discussion of nutrient evalua- 
tion is limited to the 1976 data where all species were 
represented. As expected, forage quality of all species 
decreased with advancing maturity, as did ADG. Correla- 
tion (P<O.Ol) between nutritional characteristics and ADG 
for animals grazing all species in 1976 were highest for 24-hr 
IVDMD (r = 0.75), percent OM (= 0.69), and P(r = 0.62). 

Pasturing Efficiency among Test Forages 
Efficiency in pasturing (i.e. forage:gain conversion ratio) 

probably best measures relative forage values to grazing 
animals. Quantity as well and quality for forage determines 
efficiency (Hyder 1967). Other studies in south and east 
Texas with forages similar to those used in this study showed 
gain/animal related to forage availability within forage 
digestibility groupings. With low digestible dry matter, cat- 
tle made acceptable gains only with large amounts of availa- 
ble forage. They produced acceptable gains with lesser 
amounts of available forage when the forage was higher in 
digestibility (Riewe 1976; Duble 1970). Riewe (1976) found 
steers grazing Gulf ryegrass at Angleton, Texas, gained less 
than optimum with less than about 1,350 kg/ ha of available 
forage. Using this criterion, quantity was never limiting for 
our study as available forage from all pastures exceeded 
1,350 kg/ ha and utilization never exceeded 45% (i.e. a mod- 
erate utilization level) until near the end of the season (Table 
1). 

In this study, yearling cattle gained most efficiently on 
coastcross and least efficiently on Bell rhodes. Forage 
required per kg of gain for the season was 16.6, 23.1, and 
34.8 kg for coastcross, klein, and Bell rhodes grasses, respec- 
tively (Table 1). As the forage used (disappearing) per head 

Table 1. Yield, utilization, daily grins/yearl@! heifer, and Paatufiug effb 
ciency by season in 1976 for the three test spWies* 

Daily 
Forage Daily forage 
conver- gain disapp. Yield Utiliza- 
sion rate / hd lhd (DW tion 

(1976) Species* (kg/ kg) (kg) (kg) (kg/ ha) (%) 

Apr. 26 CC-l 12.0 0.66 8.0 4210 39 

to K-75 15.0 0.86 13.0 7250 38 

July 3 Brh 23.3 0.51 11.8 7080 38 

July 3 cc-1 22.6 0.66 15.0 3880 37 

to K-75 41.0 0.30 12.4 2650 45 

Aug. 23 Brh 144.7 0.07 10.3 3170 43 

Aug. 23 CC-l 19.7 0.72 14.3 1500 51 

to K-75 39.3 0.35 13.8 1680 56 

Oct. 15 Brh 35.5 0.34 12.0 1510 52 

Season cc-1 16.6 0.68 11.2 9600 51 
K-75 23.1 0.56 12.9 11570 56 
Brh 34.8 0.33 11.4 11760 52 

ICC-I = coastcross-1 &t-mu&grass; K-75 = kleingrass selection 75; Brh = Bell 
rhodesgrass. 

daily was about 12 kg for all pastures (Table l), daily gains 
directly reflected differences in quality among the forages. 
Also, stocking pressure was maintained at approximately 
the same level for all test plots. For coastcross, klein, and 
Bell rhodes stocking pressure was 22.2, 23.1, and 21.8 
kg/ heifer/ day, respectively. 

Because coastcross is a non-seeding hybrid and remains 
vegetative, it apparently has a quality advantage due to a 
higher proportion of leaves. Both klein and Bell rhodes 
grasses grew more rapidly in spring and it was difficult to 
stock heavily enough to prevent their producing reproduc- 
tive shoots. By May 27, they had produced 63 and 60%, 
respectively, of their total season yield compared to only 
44% for coastcross. Despite similar growth forms and 
growth patterns, klein maintained much higher quality 
attributes than Bell rhodes. This resulted in less use per head 
of the Bell rhodes throughout the season. When animals 
consume poorer quality forage and combine this with less 

COASTCROSS 

KLEIN 

0 
MAY I 

JUN 
I I I 

J U 1 
I I 

AUG 5 E P 0 c 1 

19 76 

Fig. 1. Cumulative gains per yearling heifer on coastcross- 
kleingrass, and Bell rhodesgrass in 1976. 

bermudagrass, 
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Table 2. Seasonal IVDMD (% of DM) of three grasses in south Texas. son and Milford (1967) who found that seasonal digestibility 
declines corresponded to increased voluntary intake and less 
animal gain. 

Organic Matter 
Although organic matter is seldom, if ever, reported as a 

quality item in forage evaluation, it apparently has a place 
and it is easily obtained. In this study, it was one of the most 
highly correlated variables to ADG (Table 3). Klein had 
highest OM among the grasses studied (Table 4). Highest 
OM coincided with peak growth rates and with the highest 
ADG period. This peak occurred in May for all species and 
again in August-September for coastcross. All grasses lost 
OM in late fall, corresponding to the period of highest 
nutrient translocation to the roots prior to winter (Trlica 
1977). Because no established standards are available for 
OM, no significance is attached to these findings, except 
that as OM declines, digestibility usually declines also. 
However, correlation (r) between OM and IVDMD fluctu- 
ated from 0.41 to 0.86, which was a poorer relationship than 
expected. 
Phosphorus 

Overall, P was the third most highly correlated forage 
quality measure to ADG but it was the best correlated to 
ADG for heifers grazing Bell rhodes (Table 3). The influence 
of P on ADG for cattle grazing Bell rhodes reflects the P 
deficiency, which was apparent even early in the season for 
this grass. Forage P content progressively decreased as the 
grass matured. Bell rhodes had less P than coastcross in all 
seasons, and it had less P than klein from early summer 

Season 
Coastcross-l 

bermudagrass* Kleingrass- Bell rhodesgrass 

24-hr IVDMD 
Spring** 
Early summer 
Late summer 
Fall 
Average 

48-hr IVDMD 
Spring 
Early summer 
Late summer 

Fall 
Average 

41.e 42.6: 42.3: 
41.5: 39.1% 39.2% 
39.5: 39.3% 37.4$b 
34.e 31.6: 31.4+ 
39.4A 38. lA 37.6A 

53.5: 52.d 56.4: 
48&t, 49.9% 46.1: 
46.g 42.lBbc 39.4: 
43.5; 36.3: 36.4: 
47.e 45.3AB 44.6B 

*Values in the same column followed by the same lowercase letters are not 
significantly different at P<O.O5 level. 
**Values in the same row followed by the same capital letter are not significantly 
different at P<O.OS level. 

intake, inevitably they gain less; in this case only 0.33 
kg/head daily vs 0.56 for klein and 0.68 for coastcross. 
Heifer gains on Bell rhodes were lower throughout the 
season (Fig. 1). 
Digestibility 

Coastcross had consistently higher digestibility coeffi- 
cients than the other two grasses studied. However, only in 
the early summer was it significantly (<0.05) more digestible 
(Table 2). Duble (1970) found that small variations in 
IVDMD caused significant changes in voluntary intake, 
thus affecting animal performance. Similarly our data 
showed, with few exceptions, that yearlings grazing Bell 
rhodes consistently gained less than cattle grazing the other 
species (Fig. 1). Except for the early part of the growing 
season, yearlings grazing Bell rhodes consumed less for- 
age/ hd daily compared to those grazing coastcross or klein 
(Table 1). 

While not as well correlated to ADG as 24 hr IVDMD 
(Table 3), the 48 hr fermentation only IVDMD values were 
more useful for dramatizing among species digestibility 
changes through the year. Table 2 shows that digestibility of 
coastcross declined only 19% from spring to fall, whereas, 
digestibility of klein and bell rhodes declined 31% and 35%, 
respectively. Olubajo et al. (1974) also found that coastcross 
maintained relatively high digestibility throughout the graz- 
ing season. Reid et al. (1973) demonstrated large decreases 
in klein digestibility as the growing season progressed. Bell 
rhodes digestibilities were similar to those reported by Min- 

Table 3. Correlation coefficients (r) between animal gain and individual 
nutrients for three grasses in south Texas. 

Effect on ADG (r) 

Table 4. Seasonal content of selected quality attributes of three grasses in 
south Texas. 

Season 
Coastcross- 1 

bermudagrass* Kleingrass- Bell rhodesgrass 

Organic matter (% of DM) 
Spring ** 92.3t 
Early summer 91.1: 
Late summer 92.8: 
Fall 87.7: 
Average 90.8B 

Phosphorus (% of DM) 
Spring 0.24: 
Early summer 0.22: 
Late summer 0.22: 
Fall 0.15: 
Average 0.21AA 

Crude protein (% of DM) 
Spring 13.3: 
Early summer 11.5: 
Late summer 9.2% 
Fall 7.02 
Average 10.2A 

Digestible energy (Meal/ kg DM) 
Spring 2.02: 
Early summer 1.70% 
Late summer 1.60$ 
Fall 1.34;j 
Average 1 .66A 

93.4: 89.5: 
93.51 91.7: 
93.12 90.0: 
91.3: 88.3: 
92.gA 89.9B 

0.21”,” 0.16: 
0.19: O.dib 
0.15: 0.11: 
0.16: 0.06: 
0.18B O.llC 

12.8: 
9 4:: 
8:9$ 
8.5$ 
9.9A 

11.31 
8.6:b 
8.4:b 
6.8t 
8.aA Indenendent variable 

Coastcross- 1 Bell 
bermudagrass Kleingrass- rhodesgrass 

0.40 0.34 0.75 Crude protein 
24-hr in vitro dry matter 
digestibility 
48-hr in vitro dry matter 
digestibility 
48-hr in vitro organic matter 
digestibility 
Digestible energy 
Phosphorus 
Carotene 
Organic matter 

1.99: 1.892 
1.86: 1.61: 
l.SO”b” 1.30: 
1.1s: 1.195 
1 .63AB 1 .50B 

0.64 0.77 0.86 

0.53 0.72 0.70 

0.59 0.73 0.69 
0.59 0.72 0.69 
0.77 0.54 0.89 
0.19 0.25 0.45 
0.80 0.73 0.81 

*Values in the same column followed by the same lowercase letter are not 
significantly different at X0.05 level. 
**Values in the same row followed by the same capital letter are not significantly 
different at KO.05 level. 
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through fall. This indicates a quantitatively lesser ability of 
Bell rhodes to extract soil P from the clay-pan soils typical of 
the Texas coastal bend. Long et al. (1969) determined P 
contents of rhodesgrass in Uganda that ranged from 0.02 to 
0.34%. In his research, forage P was highly dependent 
(KO.001) on soil P in sandy loams and sandy clay loams. 
Also, on all sites where dietary P failed to meet N.R.C. 
(1970) recommendations, bermudagrass and Panicum max- 
imum exceeded the recommended minimum 0.18% level. 

Coastcross provided adequate dietary P for good cattle 
gain through early October and as P declined so did ADG. 
Klein P in 1976 mostly fluctuated between 0.15 and 0.21% 
without distinct seasonal patterns, which accounted for the 
low P correlation with ADG (Table 3). 

Crude Protein 
Forage CP is traditionally the nutrient used most to pre- 

dict livestock performance. However, its correlation coeffi- 
cient with ADG was only 0.41 for this study. Van Soest 
(1965) credited the relationship between protein and intake 
to be responsible for correlated rates of gain. Thornton et al. 
(1968) cites the relationship between CP and digestibility as 
causative. Barton (1976) reported that small changes in 
protein content of coastcross had a major influence on 
intake. In our study CP correlated (mO.05) well with 24 
hour IVDMD in Bell rhodes (r = 0.73) and with 4%hour 
IVDMD in coastcross (r = 0.71). However, the digestibility 
values for all species were much better correlated to ADG 
(Table 3) than was CP. Decline in CP from spring to fall was 
47, 40, and 34% for coastcross, Bell rhodes, and klein, 
respectively. 

Digestible Energy 

season perennial grasses, are lower in DE than any other 

Energy is considered one of the factors most limiting 
cattle performance along the U.S. Gulf Coast (Riewe 1976). 

group of forages and cannot be considered “high quality”. 

According to N.R.C. (1970), growing 300-kg cattle would 
need 2.51 Meal/ kg of DE from the forage for optimum 
gains. The grasses we studied seldom had over 2.2 Meal/ kg 
DM of DE and that declined to about 1.0 Meal/ kg by 
mid-fall. Nevertheless, consumption (disappearance) was 
high enough that heifers made acceptable gains (Table 1). 
Coastcross had highest DE and Bell rhodes the lowest 
among our grasses (Table 4), and heifer gains reflected these 
differences in energy. According to Riewe (1976), warm- 

lated to these attributes (Table 3). 
In comparing quality attributes among the three species, 

the most disturbing feature was low phosphorus content of 
Bell rhodes (Table 4). This selection of rhodegrass is grown 
in South Texas primarily because it is relatively resistant to 
rhodegrass scale. Although not reported in literature, con- 
ceivably the factor making this plant undesirable to the scale 
insect and less desirable to grazing cattle is low phosphorus 
content. A fertilizer study that accompanied this study indi- 
cated that as little as 45 kg P2O5/ ha/ year could correct the 
phosphorus deficiency (Dahl, unpublished data). However, 
it remains to be proven whether either phosphorus fertilizer 
or a phosphorus diet supplement could increase pasturing 
efficiency sufficiently to make this high producing grass 
comparable to other forages available for rangeland plant- 
ings in Texas. We suggest that land managers should cer- 
tainly look into fertilizer or supplementation before 
destroying existing high producing Bell rhodes stands in 
favor of higher quality forages yet to be planted. 

These grasses were established from 1972 to 1974 and 
none of them showed signs of stand deterioration as of late 
summer in 1978. Thus relative longevity may not be a major 
criterion for selecting one species over the other in this area. 
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