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ABSTRACT 

This project was conducted to compile mineral composition of Bermudagrass 
and native forage samples analyzed by the Texas A&M University Extension Soil, 
Water and Forage Testing Laboratory. 

Approximately 12,000 forage samples originating from either Bermudagrass or 
native pastures over a five year period were analyzed for potassium (K), calcium 
(Ca), phosphorus (P), magnesium (Mg), sulfur (S), copper (Cu), zinc (Zn), man­
ganese (Mn) and iron (Fe) content. Fertilization and other forage management prac­
tices pertaining to the samples are not known. The data suggest a widespread occur­
rence of deficient levels of plant phosphorus, copper and zinc for beef cattle grazing 
Texas forages. Forage K, Ca, P, Mg, S, Cu, Zn, Mn and Fe averaged 1.5 and 0.91 %; 
0.43 and 0.48%; 0.21 and 0.10%; 0.17 and 0.12%; 0.34 and 0.13%; 6.4 and 5.0 ppm; 
23.4 and 21.4 ppm; 86 and 49.7 ppm; and 114 and 205 ppm for Bermudagrass and 
native forages, respectively. Mineral concentration distribution of the native and 
Bermudagrass forages indicate important differences for grazing cattle. A numeri­
cally greater percentage of native forage K, P, Cu and Zn concentrations were cate­
gorized as deficient for all classes of beef cattle compared to Bermudagrass forage 
(38, 88, 45 and 52 vs. 1.5, 21, 19 and 38%, respectively). These data indicate major 
differences in forage mineral concentration between Bermudagrass and native for­
ages. 
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Forage production is an important component of agriculture in Texas and is evi­
denced by the fact that 43.6% of land use in Texas is devoted to grazing lands and/or hay 
production (Census of Agriculture, 1992). Forages used for grazing are harvested by ani­
mals throughout their growth cycle which results in a tremendous variation of forage 
nutrient supply. These variations are due to time of growing season, live or dead vegeta­
tion, plant phenology, fertility and many environmental factors (Greene, 1997). These 
variations result in significant fluctuations in nutrient supply. As a consequence, nutrient 
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supplementation of grazing livestock is a challenge to maintain optimum production effi­
ciency. The objective of this project was to determine the mineral composition of 
Bermudagrass and native forages produced in Texas and discuss the variations observed 
with respect to grazing beef cattle requirements. 

MATERIALS AND METHODS 

The forage mineral concentrations utilized in this study were assembled from forage 
reports issued by the Texas Agricultural Extension Service Soil, Water and Forage Testing 
Laboratory on the campus of Texas A&M University to its clientele over a five year peri­
od. Knowledge of the forage sample is limited to that issued in the original report, and the 
fertilization practices and maturity management is not known. Bermudagrass cultures or 
species composition of the native range samples are unknown. Approximately 88% of 
potassium (K), calcium (Ca), phosphorus (P) and magnesium (Mg) and 43% of sulfur (S) 
Bermudagrass concentrations were analyzed by near infrared reflectance spectroscopy 
(NIRS) (lSI, 1991). Copper (Cu), zinc (Zn), manganese (Mn) and iron (Fe) in Bermuda­
grass and all the mineral concentrations of native forage were analyzed by the wet chem­
istry (WC) procedure as outlined by Parkinson et al. (1975) followed by determination by 
inductively coupled argon plasma emission spectrophotometry. Initial comparison 
between NIRS and WC techniques for estimating mean concentrations of Bermudagrass 
K, Ca, P, Mg and S concentrations indicated the NIRS analysis overestimated mean K, Ca, 
P and Mg concentrations by 7 to 15% (P<.OO I) and underestimated mean S concentrations 
7% lower (P<.OOI) than that estimated by WC. Therefore, NIRS values for these miner­
als in Bermudagrass were adjusted to WC values based upon the following assumptions: 
(I) that Bermudagrass samples analyzed by NIRS and WC estimate the same population 
and (2) that the adjustment factor is consistent over the range of mineral concentrations in 
the data. Frequency histograms of the number of observations within a prescribed range 
of forage mineral concentrations are presented in Fig. I through 18 to provide data on the 
sample population. Mineral requirements for a mature, non-lactating beef cow (NRC, 
1996) were used to determine breakpoints between categories where necessary to relate 
forage mineral concentration to animal mineral requirements. The original database con­
tained extremely high and extremely low mineral concentrations for both forages and for 
each mineral analyzed. Therefore, observations separated from the sample population 
mean by ± 3 standard deviations have been excluded from Fig. I through 18. In all cases, 
these observations represented less than 1.5% of the total samples. Bermudagrass pasture 
and Bermudagrass hay have been pooled and native pasture and native hay have been 
pooled. Forage mineral concentrations are presented on a dry matter basis. The TTEST 
procedure was used to determine differences in mean mineral concentration between for­
age types (SAS, 1985). 

RESULTS AND DISCUSSION 

For comparison between forage mineral concentration and cattle mineral require­
ments, Table I presents mineral requirements estimated for various classes of beef cattle 
(NRC, 1996). Bermudagrass forage had greater (P < .000 I) mean concentrations of K, P, 
Mg, S, Cu, Zn and Mn than native forage (Fig. 1, 2 and 5 through 16). Native forage had 
greater (P<.OOO I) mean concentrations of Ca and Fe than Bermudagrass (Fig. 3, 4, 17 and 
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18). The greater average K, P and S concentrations of Bermudagrass compared to native 
forage are presumably due to forage type, soil conditions and to fertilization with these 
minerals in the production of Berrnudagrass. The controlling factor that can potentially 
alter forage mineral composition more than any other practice is fertilization. Application 
of fertilizer to optimize plant growth and productivity also changes plant mineral compo­
sition. Most improved forages in the South have been maintained through extensive fer­
tilization programs. The demand for minerals such as P is often higher than supplied by 
the soil and application of this mineral in fertilizers has increased the amount of P avail­
able for livestock consumption. This is proven due to the fact that most native, non-fertil­
ized forages are often deficient in P. 

The greater average concentration of Cu, Zn and Mn for Berrnudagrass compared to 
native forage may also reflect forage type, soil conditions and agronomic practices asso­
ciated with Berrnudagrass production that result in changes in soil pH and mineral avail­
ability for plant uptake. Soils are very different with respect to the minerals found in the 
soil matrix. Sandy soils often allow specific minerals to leach more easily from the grow­
ing surface than heavier clay soils. Soil acidity will also impact the availability of soil 
minerals for uptake by roots and subsequent translocation to plant tissues. 

Table 1. Mineral requirements for various classes of grazing cattle." 

Cows 
Lactatmg Stocker calf<, 200 kg 

Mineral Non-lactating d Early lactatwn Late lactatiOn .5 kg gam 1.0 kg gam 

Calcium,% 0.30 0.36 0.27 0.40 0.60 
Phosphorus, % 0.18 0.24 0.19 0.22 0.32 
Magnesium, % 0.12 0.20 0.12 0.10 0.10 
Potassium, % 0.60 0.70 0.60 0.60 0.60 
Sulfur,% 0.15 0.15 0.15 0.15 0.15 
Copper, ppm 10 10 10 10 10 
Zinc, ppm 30 30 30 30 30 
Manganese, ppm 40 40 40 20 20 
Iron, ppm 50 50 50 50 50 

'NRC, 1996 
b Assumes average milk production 
' Calcium and phosphoms requirement decreases(% of DM intake) as stocker calf increases in weight and 
increases(% of DM intake) as rate of gain increases. 
u Late gestation 
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Potassium 
Approximately 90% of the Bermudagrass K concentrations ranged from .65 to 

2.09%, with 1.5% deficient and 8.6% potentially excessive for mature, non-lactating 
beef cows (Fig. I). In comparison, 57% of the native forage K concentrations ranged 
from .65 to 2.09% K, with 38% deficient and only 5.2% being excessive (Fig. 2). These 
data are similar to other data that shows forage K is higher in warm-season perennial 
forages compared to the native grasses (Mills, unpublished; Brown et al., 1988; Kappel 
et al., 1985). Previous data from our laboratory (Greene et al., 1987) show that stage of 
growth is important when predicting forage K concentrations. Actively growing (green) 
plant tissue is much higher in K content than dormant tissue. In general, cattle grazing 
actively growing, fertilized pastures will acquire adequate quantities of K in the forage 
diet. However, if forages are not fertilized and/or dormant, additional K in free choice 
supplements may prove advantageous. Unlike most minerals, K is excreted in the urine 
and adequate amounts must be supplied daily either from the forage base or from sup­
plements. Excessive intake of K (>2. I %) may reduce the absorption and utilization of 
Mg (Greene et al. , 1983). This is a much greater problem when cows graze cool-season 
perennial or annual forages compared to the forage types presented in this manuscript. 
An excessive intake of K is generally not a practical problem when cattle consume 
either Bermudagrass or native forages. 
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Calcium 
Calcium requirement changes with level of milk production and stage of growth. 

Data presented in Fig. 3 and 4 show that 8.6 and 2.1 % of the Bermudagrass and native 
forage, respectively, was deficient inCa for most classes of cattle. The majority of the for­
age Ca concentrations ranged from .31 to .66% which will be adequate for beef cattle pro­
duction in most cases. The percentage of the forage population within this range was 71 
and 71.8% for Bermudagrass and native forage, respectively. The growth rate of steers 
while grazing Bermudagrass or native forage will probably not be great enough to war­
rant more than .6% dietary Ca. The amount of Ca required in forage to meet grazing ani­
mal requirements depends on the relationship of Ca with other dietary minerals. Usually, 
metabolic disorders are more prominent when P levels are high with respect to Ca, espe­
cially on highly fertilized productive forages. Without adequate liming of acid soils that 
have been fertilized with P, Ca is often too low relative to P. On the other hand, Ca is rel­
atively high and P very low in unfertilized forages produced on alkaline soils in certain 
regions of Texas. 
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Phosphorus 
There was a large numerical difference between Bermudagrass and native forage in 

the percentage of the population deficient in P. Twenty-one percent of the Bermudagrass 
samples were deficient in P for grazing livestock compared to 88% of the Native samples 
(Fig. 5 and 6). For a lactating cow, that proportion of the population deficient in P would 
be approximately 65 and 96% of Bermudagrass and native forages, respectively. Common 
mineral supplements used throughout the south supply equal portions of Ca ( 12%) and P 
(12%), and a I: I percentage of Ca and Pis still required in mineral supplements for many 
production environments. However, when cattle graze forages fertilized with P and low in 
available Ca (such as those reported in this manuscript), mineral supplementation pro­
grams will be more effective if theCa P ratio is 2: I to supply 12% Ca and 6% P. This ratio 
supplies a more balanced Ca and P supplement to cattle grazing P fertilized forages when 
Ca may be low. In the present data, approximately 74 and 8.9% of the Bermudagrass and 
native forage P concentrations, respectively, ranged from .17 to .30% P. Native forages are 
predominately deficient in P, and P must be supplied as a supplement to optimize produc­
tion . 
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Magnesium 
Based upon NRC (1996) recommendations, 8.2 and 49.7% of Berrnudagrass (.I%) 

and native (2 .9%) forage samples, respectively, were deficient in Mg for a mature, non­
lactating cow (Fig. 7 and 8). Seventy three percent of the Berrnudagrass forage Mg con­
centrations ranged from .14 to .22% Mg compared to 24% of the native population. The 
majority of native forage Mg concentrations (53%) fell within a range of .08 to .13%, 
lower than required by a lactating cow. However, Mg deficiency (grass tetany) is not 
reported to be a problem when cattle graze native pastures. Usually cattle grazing 
Berrnudagrass pastures have an adequate Mg supply to meet the physiological needs of 
the cattle. It is well known that high (>2.4%) dietary K (as seen in rapidly growing win­
ter pastures) will interfere with Mg utilization (Greene et al. , 1983). Usually, dietary K in 
Berrnudagrass and native forage is not high enough to negatively impact Mg availability 
in these forages . Pastures heavily fertilized with nitrogen have been identified to create a 
higher incidence of the grass tetany syndrome in cows during late gestation and early lac­
tation, which is probably due to mineral imbalances in the forage. (Robinson eta!., 1989). 
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Sulfur 
No Bermudagrass forage was deficient in S compared to 58.6% of the native forage 

(Fig. 9 and I 0). Of more importance in Bermudagrass is the proportion of samples with 
excessive levels of S. Fifty percent of the Bermudagrass S concentrations were at levels 
(.32- .67%) that have been implicated in reducing Cu utilization and/or dry matter intake. 
Less than 2.3% of the native S concentrations are considered to be excessive, and S sup­
plementation is advised when native forage is below . I 0% S. Sixty five percent of 
Bermudagrass S concentrations ranged from .20 to .43% S. The majority of the S con­
centrations for native forage (73%) ranged from .08 to .16% S. In Bermudagrass, elevat­
ed levels of S that result in a reduction in Cu availability is more of a practical problem 
for cattle than is S deficiency. In addition, many sources of water have been found to pro­
vide excess levels of S. These should be considered when evaluating total S intake. 
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Copper 
The average Cu concentration in Bermudagrass and native forages was 6.4 and 5.0 

ppm, respectively. This level of Cu is less than the requirement for all classes of beef cat­
tle. The percentage of the forage samples deficient in Cu was numerically greater for 
native compared to Bermudagrass forage (Fig. II and 12). Over 95 and 84% of the 
Bermudagrass and native forage Cu concentrations, respectively, were categorized as 
deficient for all classes of cattle. Elevated dietary Fe or S plus molybdenum (Mo) have 
been shown to have a dramatic reduction on Cu bioavailability (Suttle eta!., 1984). Inter­
actions of these dietary components can increase Cu requirements 1.5 to 4 fold. In the pre­
sent data S is high in 50% of Bermudagrass samples, and Fe is high in 35% of native sam­
ples. Limited information is available on forage Mo concentration, but it is not uncommon 
to find Mo in excess in these forages. The distribution of Cu concentrations shown in Fig. 
II and 12 indicate that forage Cu levels are not adequate to maintain animal productivity 
in many situations. Therefore, most mineral supplementation programs should supply Cu 
to forage-fed animals. 
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Zinc 
The mean forage Zn concentrations were 23.4 and 21.4 ppm for Bermudagrass and 

native forage, respectively. Based on NRC (1996) requirements and data collected in this 
study, there is a widespread occurrence of deficient levels of Zn for cattle fed Bermuda­
grass and native forages (Fig.\3 and 14) in Texas. Approximately 79.4 and 84.1% of 
Bermudagrass and native forage Zn concentrations, respectively, are below levels recom­
mended for grazing cattle. This data is similar to that found by Corah and Dargatz ( 1996), 
Kappel et al. ( 1985) and Brown et al. ( 1988). Zinc should be a component of mineral sup­
plements for cattle in Texas to optimize production efficiency. 
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Manganese 
Both Bermudagrass and native forages exhibited a large range in Mn concentrations 

(3 to 285 and 3 to 149 ppm, respectively; Fig. 15 and 16). The average Mn concentrations 
were 86.0 and 49.7% for Bermudagrass and native forage, respectively. The majority of 
the Bermudagrass Mn concentrations (57.3%) ranged from 48 to 116 ppm. Approximate­
ly 45% of the native forage Mn concentrations fell within this range. Kappel et al. (1985) 
reported that Mn concentrations averaged Ill ppm and Corah and Dargatz ( 1996) report­
ed average Mn concentrations of 125 ppm in Bermudagrass. However, Brown et al. 
( 1988) reported Mn concentrations to be only 52 ppm in Bermudagrass forage. General­
ly, levels of I 00 ppm Mn are not considered to be detrimental to animal production. Lit­
tle is known about the interaction of Mn with other trace minerals but levels of up to I 000 
ppm have not had any known adverse effects on cattle. 

350 

JOO 
~ 

.§ 250 
-;; 
t 
~ 200 
-" 
0 

'o 150 .. 
'-' a 100 

i 
;o 

I) 

;;: "' oo 
2 2 

M 

"' 

J7.J 

00 ~ ;;; ~ ~ ~ .. 
0 g 

2 0 
g :; ~ .. N .a 

~ -
~In concentration. ppm 

:VIean = 86.0 ppm 
Standard Deviation = 49.5 
Number of Observat ions= 852 

~ 

~ 00 

0 2 
.>; .. 

~ 

Figure 15. Number of observations within e::ach range of ~In conccutra lion.;; {ppm 
Ury matter) for Bcrmudagrass forage. 

1~00 

1200 
~ ,g 

1000 

" t 
~ soo 
-" 
" - 600 " :;; 

-:= ~00 -5 
z 

200 I 

;;: g: 
g .!l 
~ ;:; 

);.8 

00 ~ 

~ .. 00 

.!l .!l 2 
g :; ~ .. 

McJn = 49.7 ppm 
Standard Deviation= 25.4 
Number of Observations= 3743 

!?; 00 "' "' 
2 0 g 

"' 5I .. 
~ -

Mn concentration, ppm 

Figure 16. Number of observations within each range of i\ln concentrations (ppm 
dry matter) for native forage. 

Texas Journal of Agriculture and Natural Resources, Vol. II, 1998 

107 

------



Iron 
Iron concentrations were generally adequate for beef cattle with 9.1 and 3.3% of 

Berrnudagrass and native forage Fe concentrations categorized as deficient (Fig. 17 and 
18). Approximately 80 and 62% of the Fe concentrations ranged from 50 to 208 ppm for 
Berrnudagrass and native forage, respectively. With the majority of Berrnudagrass and 
native forages containing adequate to high levels of Fe, additional Fe supplementation is 
not recommended, and is advised against due to its negative interaction with other miner­
als which are likely to be marginal to deficient in the forage. 
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SUMMARY AND CONCLUSIONS 

The ability of forage minerals to meet grazing livestock mineral requirements 
depends upon the concentration of minerals in the plant and the bioavailability of these 
minerals. Mineral bioavailability depends upon various digestive tract interactions, min­
eral solubility and digestive tract pH. The digestive tract interactions are extremely impor­
tant when defining animal requirements and formulating mineral supplements for grazing 
livestock. Many forages contain antagonists that reduce the availability of minerals. There 
are many mineral-mineral interactions that increase requirements such as high Mo-S diets 
increasing the requirement for Cu, and Mg requirement increasing as dietary K increases 
as previously discussed. In addition to mineral-mineral interactions, there are significant 
interactions between minerals and organic constituents found in plants. Organic com­
pounds may be present that reduce the bioavailabilty of forage minerals. Many of these 
interactions are not clearly understood and, therefore, often makes the evaluation of for­
age mineral supply confusing. 

Although the fertilization , management, Bermudagrass varieties, or native grass 
species are not known, the data presented in this report suggest a widespread occurrence 
of deficient levels of forage P, Cu and Zn for grazing cattle. In contrastS, Fe and Mn con­
centrations were at levels considered to be adequate to excessive in these forages. Miner­
al concentration distribution reported in this paper is confounded by many factors. It is 
advisable to develop a forage sampling and analysis scheme on individual farms and 
ranches. This will ensure a closer approximation of nutrient intake to assist in developing 
mineral supplementation practices specific for a particular production environment or 
vegetation type. 
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