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Pangola digitgrass (Digitaria decumbens), Coast-

cross-1 bermudagrass (Cynodon dactylon), and Kazungula

setaria (Setaria sphacelata cv Kazungula) were used in a

two-year study at the C.A.M.P.A. Training Center in

Tampico, Mexico. The objective of the study was to deter-

mine the optimum stocking rate during the grazing season

on these species and the relationship of average daily

gain (ADG) on each grass with several nutritional and

environmental parameters. The grazing seasons were from

June 25, 1975, to January 21, 1976; and from June 16,

1976, to January 27, 1977. The parameters measured were

available dry matter (kg), ADG (kg) during the preceding

14, 28, and 42 days, percentage of soil moisture, and

precipitation (mm). An area of 2.7 ha of each species was

used in this trial. These areas were divided into three

lots of 1.1, 0.9, and 0.7 ha. Each lot was grazed by 9

and 10 zebu steers in a rotational form during the first

and second grazing season, respectively. Each grazing

season was divided into 5 grazing periods of 14 days.



Covariance analysis was used to estimate the optimum

grazing pressure. Analysis of variance showed no dif-

ference in ADG during the two grazing season. The esti-

mated carrying capacities in animal units (animal unit =

A.U. = 450 kg liveweight)/ha were 1.962, 2.062, 2.975,

and 3.291 for Pangolagrass during periods 1, 2, 4, and 5,

respectively. For Coastcross-1 bermudagrass the estimated

rates were 3.492, 2.755, 1.397, and 1.000 A.U./ha for

periods 2, 3, 4, and 5, respectively; while with Kazungula

setaria the optimum grazing pressures were 1.790, 1.917,

1.838, and 1.441 A.U./ha for periods 1, 3, 4, and 5, re-

spectively. The optimum rates were not estimated for

periods 3, 1, and 2 for Pangolagrass, Coastcross-1 ber-

mudagrass and Kazungula setaria, respectively, because

the highest grazing pressure was to low to consume pas-

ture production. The regression equations that best

estimated ADG were: ADG on Pangolagrass (kg) = 1.675

+ 0.000946 available dry matter at 15 cm height or more

-0.558 ADG (kg) during 28 days before -0.0262% soil mois-

ture from 12-25 cm depth. ADG (kg) for Coastcross-1 ber-

mudagrass = -0.740 + 0.0598% soil moisture from 12-25 cm

depth. ADG (kg) for Kazungula setaria = 0.1587 - 0.648

ADG (kg) during the 28 days before + 0.00645 precipitation

(mm) during the preceding 14 days.
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OPTIMUM STOCKING RATE OF CATTLE ON THREE TROPICAL GRASSES

INTRODUCTION

Fattening steers on grass is one of the most import-

ant businesses for farmers in "La Huasteca" and the Mex-

ican Southeast. The fattening process begins with year-

lings averaging 240 kg liveweight and takes up to two

years (two fattening seasons) before each steer reaches

a market weight of around 400 to 450 kg, with an average

stocking rate of one steer per hectare (ha). The average

value of the pasture is $11,000.00*/ha; animal cost is

$14.00/kg (liveweight basis); and finished price is

$17.00/kg. Grasses predominantly used in the area are:

Pangola digitgrass (Digitaria decumbens), Guinea grass

(Panicum maximum), and Star grass (Cynodon plectostachius)

These grasses have growing seasons of only about four

months (rainy season); during the rest of the year their

nutritional value and availability are decreased greatly.

Therefore, if the animal does not reach market weight, it

has to spend another grazing season on the farm. The re-

latively long time that the animal spends on the farm be-

fore reaching market weight results in low efficiency of

feed utilization since the majority of the feed is used

for maintenance.

The present research was conducted with the aim of

finding the optimum stocking rate with Coastcross-1 ber-

mudagrass (Cynodon dactylon), Pangola digitgrass, and

Kazungula setari.a (Setaria sphacelata), and the effect

of stocking rate on these grasses under tropical conditions.

*All figures are expressed in Mexican currency.
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LITERATURE REVIEW

Pangolagrass

Pangolagrass (Digitaria decumbens Stent) is a native

South African grass that was introduced into the United

States in 1935 and released in 1942 under the name Pango-

lagrass (Killinger and Hull, 1953). It is a creeping per-

ennial grass with sterile seeds (Anilkumar et al.,1956)

and semidecumbent surface runners that can form roots

at the nodes. Vegetation may grow to a height of 0.60

to 1.20 m (Hugheset al., 1962; Bennet, 1966). Settlement

of a new paddock needs a rate of 1.36 ton of vegetative

material per ha in order to establish quickly under

ferile conditions (Hugheset al., 1962). Pangola is a

very popular species under tropical and subtropical con-

ditions because of its wide range of adaptation. It

will grow in areas having less than 625 mm to more than

1000 mm of rainfall (Bank of New South Wales, 1965).

Pangolagrass is highly affected by cold weather and stops

growing at 11°C (Humphreys, 1969) and has winter-killed

almost completely in Georgia during severe winters (Bur-

ton, 1945). It recovers rapidly when the temperature in-

creases (Davies and Hutton, 1970). A significant re-

sponse of 1400 kg increase in dry matter production over

the controls was found with a 62 g/ha application of gib-

erellic acid in addition to 126 kg N/ha in the cool sea-

son in Hawaii (Withrey, 1976). It is also strongly af-

fected by decreasing day length. Carter and Garrard

(1975) found an interaction between temperature and photo-

synthesis. Photosynthesis was decreased by 30% at 10°C,

and by 70% when photosynthetic reserves were depleted.
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A negative relationship has also been found between car-

bohydrates and photosynthetic activity (Garrard and Carter,

1975).

Pangolagrass has been widely used in fertilization

and feeding trials. When it was compared against Pensa-

cola bahiagrass (Paspalum notatum Flugge) and several ber-

mudagrass (CynodondactylonL. Pers.) cultivars at three dif-

ferent N fertilization levels in Florida, it gave the

highest yield of digestible organic matter and dry matter

with values of 4.83 and 4.93 ton/ha, respectively, at

583 kg N/ha (Ruelke and Prine, 1971). Potassium levels

had no influence on Pangola distribution and liveweight

gain, with 63 kg KC1/ha being an adequate rate. A 250

kg superphosphate/ha rate increased P and Ca content of

the grass. The liveweight gain was also increased when

compared to 125 kg/ha (Bryan, 1973). When Pangolagrass

was compared to unfertilized pasture and Pangola-Centro-

sema pubescens mixture, daily milk production was greater

(8.71 kg) when N was applied at 140 kg/ha. The carrying

capacity of the pasture was also increased (Serpa et al.,

1973). In Australia, with 448 kg N/ha and 7.4 steers/ha,

pangolagrass produced more than 1200 kg liveweight/ha/

year (Evans, 1970). Sulfur fertilizer at 66 kg/ha in-

creased grass sulfur content from 0.09 to 0.15%, vol-

untary intake from 44.0 to 64.1 g/kg body weight
0.75

/day,

and dry matter digestibility from 55.2 to 60.2% with

sheep (Rees et al., 1974). Dantzman (1976) studied the

effect of lime application and found a 7.2 ton oven-dry

forage yield increase using 0.24 tons of lime/ha. The Ca

and Mg content of grass was also increased. When Pangola

was compared against three other D. decumbens cultivars

at 14, 28 and 42-day intervals cut, all varieties
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tested increased digestibility at the 14-day inter-

val. Pangola was affected by maturity; its in vitro

dry matter digestibility decreased from 66 to 57%, and

also was affected the most as the season progressed

(Sleper and Mott, 1976). In French Guiana (Borget, 1966),

pangola nutritional content values were: 29.86, 8.48,

2.35, 0.127, 0.324, 9.31 and 5.76%, for cellulose, ash,

lipids, P, Ca, total and digestible protein, respectively.

In Jamaica (Thomas and McLaren, 1971), when 78.5 kg N/ha

were applied, nutritional values varied from 5.7 to 12.8%,

27.8 to 34.1%, 1.9 to 3.6%, 44.2 to 54.6%, and 8.4 to

11.6% for crude protein, crude fiber, ether extract, N-

free extract, and ash, respectively. The lower values

correspond to the flowering state except for ash. The

crude protein digestibility values were 70.2, 63.5, and

39.0%, for crude protein values of more than 11%, 8 to 11%,

and 5 to 8%, respectively. No differences were found in

liveweight gain and ruminal fermentation when Pangola

was compared to Bermudagrass, Rhodes grass (Chloris

gayana), or Glycine spp hays (Gutierrez et al., 1975).

The in vitro organic matter digestibility for 3, 5 and 7-

day old regrowth was 76.3, 67.3 and 57.9%, respectively

(Klock et al., 1975). The digestible energy, gross ener-

gy of the digestible organic matter, and gross energy

of the digestible dry matter, were 2.35, 4.19, and 4.06

kcal/g of dry matter, respectively (Minson and Milford,

1966). When Pangola was compared to its cultivar Trans-

vala, Slenderstem digitgrass (Digitaria pentzii Stent),

and Paraguay 22 bahiagrass (Paspalum notatum Stent) and

grazed at a high height, it produced 8819 kg of total

digestible nutrients (TDN) per ha. This was compared

to 6027 kg TDN/ha at the low grazing pressure (Mislevy

and Hodges, 1975). In a comparison of seven tropical
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grasses in Florida, using fertilizer rates of 56, 12, and

23 kg/ha of N, P, and K, respectively, Pangola yielded

higher beef production (360 kg/ha) than the others. Al-

though the slaughter grade was not significantly differ-

ent, it was consistently better for Pangola (Hodges et al.,

1976). In Cuba (Delgado and Alfonso, 1974), when stocking

rates of 3.5 and 5 bulls/ha were compared, average daily

gains were 0.705 and 0.615 kg, and gains/ha/yr were 899

and 1122 kg in a two year study for the low and high

stocking rates, respectively.

Coastcross-1 Bermudagrass

Coastcross-1 bermudagrass (Cynodon dactylon L. Pers)

is a hybrid grass selected and released in Georgia in 1967

(Burton, 1972). It is a completely sterile F1 hybrid

from the cross of Coastal bermudagrass (C. dactylon)

and P. I. 255445 (Hanson, 1972), which was previously

described as Coastal x Kenya #14 (Burton et al., 1967).

It is creeping perennial grass that grows taller and has

broader and softer leaves than the Coastal variety.

Coastcross-1 spreads rapidly by means of stolons but does

not develop rhizomes. This makes it more vulnerable to

cool weather, and it is not recommended for temperatures

below -14.4°C (Burton, 1972). Coastcross-1 can be winter-

killed in Southern Alabama (Hoveland and McCormick, 1977).

It is an easy to erradicate grass. Coastcross-1 estab-

lishes faster in a moist soil than Coastal bermudagrass

and can be grazed four to six weeks after planting (Bur-

ton, 1972). It grows faster in the fall and is more

resistant to foliage disease and sting nematode than its.

parent, Coastal (Hanson, 1972). It yields an average

of 11.8 tons dry matter/ha (Lowrey et al., 1968) and
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is 11 to 12% more digestible than cv Coastal (Burton,

1972). Coastcross-1 chemical composition (dry matter

basis) is: crude protein, 21.6%; ash%7.6; cellulose,

27.4%; acid detergent fiber, 32.6%; N-free extract, 40.6%;

acid detergent lignin, 4.7%; cell wall constituents,

68.4%; and digestible energy, 2920.7 kcal/kg dry matter

(Lowrey et al., 1968). In Florida (Ruelke and Prine,

1972), when compared with Bahiagrass cv Pensacola, Pan-

golagrass and five other Bermudagrass hybrids, Coast-

cross-1 yielded 4.25 and 4.39 tons of digestible organic

matter and dry matter per ha, respectively, for the same

study. When combinations of five levels of N and six

P-K fertilization rates were applied (Kien et al., 1975),

Coastcross-1 produced the highest dry matter yield (about

7300 kg/ha), at 56 kg N/ha. Coastcross-1 also had the

highest crude protein level (11.9%) and the highest crude

protein harvest per hectare (1.6 ton/ha). Its in vitro

organic matter digestibility was 60.2%. In Louisiana

(Montgomery, 1975), Coastcross-1 yielded 17157 kg dry

matter/ha against 17471, 19030, and 15090 kg dry matter/

ha for cv Coastal, Alicia, and Common, respectively.

Coastcross-1 crude protein content was the highest. When

the effect of genotype makeup on in vitro organic matter

digestibility was measured, values of 68.4, 57.6, and

49.2%, at 3, 5, and 7-weeks old, respectively, were found

(Klock et al.,.1975). In Florida (Kretschmer, 1975),

when seven Rhodes grass varieties, Pangolagrass, and

Coastcross-1 were compared, the latter grass gave the

highest dry matter yield of 10100 kg/ha from September

to June. The in vitro organic matter digestibilities

at 2, 3, and 4-week intervals were 76.0, 68.7 and 67.5%,

respectively.
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In comparisons of the rate of degradation of leaf

blade tissue, degradation was faster for Coastcross-1

than for cv Coastal or Bahiagrass cv Pensacola. This

difference disappeared after 72 hr (Akin et al., 1974).

When Coastcross-1 was compared to three other hybrid

bermudagrass clones (Hanna et al., 1976), no statistical

difference was found in the in vitro organic matter di-

gestibility of 1 and 4-week old leaves although digest-

ibilities of the stem were different (72 and 40% for the

1 and 4-week old, respectively). The higher in vitro

dry matter digestibility of Coastcross-1 (64%) was neg-

atively related to neutral detergent fiber content.

Processing requirements for dehydrating, grinding,

and pelleting Coastcross-1 were the same as those re-

quired for cv Coastal and Bahiagrass cv Pensacola.

Coastcross-l's average in vitro digestibilities were

62.3, 63.9, and 64.6%, for field chopped, dehydrated,

and cool-pelleted, respectively, after 4-weeks of growth,

and 52.2, 56.7, and 57.9% at 8-weeks for the respective

processes cited above. Coastcross-1 was also the best

grass in this trial, yielding an average daily gain of

0.872 kg with feed consumption of 7.895 kg/day (Hellwig

et al., 1974). Preservative treatment of 24% moisture

content of Coastcross-1 hay increased ether extract,

crude fiber, and dry matter digestibility over the un-

treated controls, with values of 40.7, 64.4, and 58.8%,

for the respective nutrients (Johnson and McCormick, 1976).

Coastcross-1 can be capable of maintaining 5 cows/ha/

yr, with up to 10 liters of milk production/cow/day,

when it is rotationally used with Echinochloa piramidalis

cv Canarana, Digitaria umfolozi, D. decumbens cv V.F. 594,

and D. swazilandensis in Orinoco Delta, Venezuela (Cunha
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et al., 1975). When Coastcross-1 was compared against

cv Coastal and Pensacola Bahiagrass in grazing trials

(Utley et al., 1974), a higher liveweight gain (0.680

kg/day) was obtained with the first Bermudagrass culti-

var. The calculated annual beef production for this

grass was 527 kg/ha. Average dry matter production was

16.0 ton/ha, with an in vitro dry matter digestibility

of 71.6% in May and 40.0% in September.

Kazungula Setaria

Kazungula setaria ( Setaria sphacelata cv Kazungula)

is a perennial grass originally from South Africa, often

robust, usually tufted, with or without creeping rhizomes

or stolons, and culm 60-180 cm high, rarely less. Usual-

ly it has simple, lower leafsheaths compressed and keeled.

Leaves are glabrous or hairy and blades 10-40 cm long and

4-14 cm wide. The panicle is expanded, spike-like 6-36

cm long (Chippindall, 1955). Kazungula setaria is more

vigorous and easier to establish than the cv Nandi (S.

sphacelata cv Nandi) (Terranova, 1969). It shows also a

particularly high flood tolerance (Hacker and Jones,

1969). It is capable of producing forage from spring to

autumn and even in winter (Ostrowski, 1969). Kazungula

is of considerable economic importance in its native land.

This is probably due to its easy establishment (seed or

stolons) and wide range of adaptation. It grows in areas

with 525 mm (Hacker and Jones, 1969) to more than 2750 mm

of rainfall (Bank of New South Wales, 1965). Its dry

matter production is similar to that of cv Bua River

(S. sphacelata cv Bua River), although under dry con-

ditions Kazungula gives more cuts per annum (Hacker and

Jones, 1969). When it was compared to four other setaria
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species, it was outyielded only by the cv Nandi (199 vs

134 g/plant for Nandi and Kazungula, respectively), al-

though Kazungula showed a relatively higher frost toler-

ance value (Hacker, 1972). Kazungula shows up to a 40%

increase in dry matter yield due to irrigation (Okamoto

et al., 1976). In Australia (Kemp, 1975) in a three year

experiment, Kazungula yielded 1230, 5990, and 13796 kg

dry matter/ha under dry land conditions when 0, 170, and

680 kg N/ha/year were applied, respectively, and 1210,

6250, and 13883 kg dry matter/ha for the respective N

treatments cited above under irrigation. The N content

of forage samples from the above experiment was 1.44,

1.64, and 2.22% for 0, low, and high N treatments, re-

spectively.

Kazungula setaria is more sensitive to lack of mois-

ture than to low temperatures. It has shown a higher dry

matter and N recovery 3 to 5 weeks after cool weather than

after lack of moisture, if the temperature became warmer

(Murtagh, 1975). Kazungula setaria also shows a higher

percentage of leaves as daylength decreases from 14 to 11

hr, and day/night temperatures decrease from 32°/24° C to

20°/6° C. This grass also has a tendency to increase N

with decreased temperature and daylength (Mannetje, 1975).

When bite size was measured, a significant increase in

bite size was found due to N fertilizer. The average

weight was 0.39 vs 0.13 g organic matter/bite for fertil-

ized and unfertilized pastures, respectively (Stobbs,

1973). Kazungula is capable of producing high quality

silage, and the addition of 15.14 liters of molasses per

ton of fresh material has increased its quality (Hacker

and Jones, 1969). The nutrient content of Kazungula

setaria as reported by Hacker and Jones (1969) is: mois-

ture, 86.0-87.1; crude protein, 15.3-16.9; fat, 4.6-4.9;
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fiber, 27.8-29.2; ash, 12.9-25.6; N-free extract, 35.5-

36.2; Ca, 0.42-0.46; P, 0.19-0.23; and K, 3.51-3.29%.

Digestibility values determined with sheep were: dry

matter, 69.5-71.8; crude protein, 75.9-77.4; fat, 64.4-

70.2; fiber, 72.0-74.1; N-free extract, 73.5-74.9; and

organic matter, 72.9-74.5%. In Trinidad de Tobago, But-

terworth (1963) reported nutritional values of: moisture,

84.9-79.3; crude fiber, 32.4-34.4; ether extract, 2.4-

2.9; ash, 8.0-8.2; and N-free extract, 48.2-50.1%. But-

terworth also reported digestibility values of: crude

protein, 44.1-51.5; crude fiber, 65.1-76.8; ether extract,

49.3-42.8; N-free extract, 67.9-71.3; and organic matter,

65.1-70.4%; fecal protein was 3.42-3.56 g/100 g dry matter

consumed. In Australia, an organic matter digestibility

of 59.6% was calculated in in vivo studies (Hall and

Hennessy, 1976). When the genetic effect on in vitro

dry matter digestibility was measured, eight units dif-

ference was found in the digestibility due to genetic

background (Hacker, 1974a).

Of particular importance is the high oxalate content

of Setaria sphacelata species, mainly the cv Kazungula.

The oxalate content of Kazungula setaria and another 27

tropical grasses was reported by Jones and Ford (1972b).

It was found that while anhydrous oxalic acid of most

grasses rarely exceeds 1%, in Setaria species it was

more than 3%, with Kazungula values of 4.2% in the summer

and 3.7% in the autumn (Jones and Ford, 1972b). These

same authors (Jones and Ford, 1972a) reported that when

urea was applied at a rate equivalent to 200 kg N/ha,

the oxalate concentration increased from 3.3% (control),

to 5.6% (Urea); they also found an increase in N (1.3 vs

2.9%), and Mg (0.13 vs 0.20%, for control and urea treat-

ments, respectively). When the effect of different N
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sources was studied, a small but negative relationship

between N and oxalate was found (Roughan and Warrington,

1976). However, in Costa Rica, no relationship was

found between these two variables (Gonzales and Coward,

1977). In an outbreak of 9 deaths out of 27 cows grazing

on Kazungula, the high oxalate content of this grass

was implicated. When the oxalate content was measured,

an average of 6.68% of anhydrous oxalic acid in the dry

matter was found. This value was the highest of all the

grasses involved in this comparison (Jones et al., 1970).

In the same publication, the effect of Dowpon* spraying,

N fertilizer and legume content of the sward on oxalic

acid content was also studied. No relationship was found

between these variables. The oxalate content of the plant

parts in decreasing order is: leaf blades, leaf sheaths,

and stems; a significant increase may occur over night.

No oxalate was found in the seed heads (Jones and Ford,

1972a). A positive relationship betwen oxalate content

and dry matter digestibility and oxalate content and

dry matter yield was found by Hacker (1974b).

Kazungula setaria makes excellent pastures when

mixed Desmodium intortum var. Hoja Verde, Centrosema

pubescens, Phaseolus atropurpureus, Glycine javanica cv

Tinaroo, and Stylosanthes guyanensis (Sanchez and Reyes,

1975), although it is more difficult to form the combi-

nation than with the cv Nandi (Humphreys, 1969).

*2:2 dichloropropionic acid, sodium salt, Dow Chemical

Company.
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Stocking Rate

The negative relationship between stocking rate and

animal gain and the positive relationship between gain

per area and stocking rate up to the maximum gain (optimum

stocking rate) are subjects that have been widely studied.

When young growing animals are used in the grazing trials

and stocking rate is expressed as area per animal, the

relationship is curvilinear and defined by the equation

y = 16 - 2
2x/4

, where y is stocking rate, and x is animal

gain (Harlan, 1958). However, if stocking rate is ex-

pressed as animals per area, the relationship becomes

negative (Riewe, 1965), and is described by the general

formula y = a bx, where y and x have been previously

described, and a and b are constants (Jones and Sandland,

1974; Connolly, 1976). This assumption remains at stocking

rates higher than that rate at which maximum gain per

animal is expected, after which gain per animal will re-

main constant (Petersen et al., 1965). All these rela-

tionships were expressed by Coniffe et al. (1970) as

y = A - r(C - x/C)
2

; where C is the least area compatible

with unrestricted animal intake, A is animal performance

at stocking rate above C, and r is constant. But any way

stocking rate is expressed, its relationship with animal

gain and gain per area can be expressed as z = xy, where

z is product per area (Mott, 1960). This same author

(Mott, 1960) also showed the relationship of these param-

eters to product per animal and stocking rate at optimum

grazing pressure; this relationship was used to calculate

the optimum gain at different rates of stocking. In each

case the constant parameter values need to be calculated

for each set of data. Owen and Ridgman (1968) suggested
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the breakdown of the grazing trial into a series of

trials, each of short duration. After each trial, animals

would be rerandomized again.to each treatment. However,

this model would not allow estimation of treatment effects

on animal production over the whole experiment. Riewe

(1961) suggested the use of regression techniques to cal-

culate the optimum stocking rate. This model implies

the use of several stocking rates in the same pasture.

Later, with the use of convariance analysis, it can be

found that the "general theoretical" regression equation

is different from the individual equations (for each

treatment), used to calculate the optimum stocking rate

for the specific pasture. The use of an "animal" latin

square design for pasture evaluation in the tropics was

reported in Jamaica (Stobbs and Joblin, 1966). This

design has the advantage of being able to conduct grazing

trials when animals are the limiting factor. However,

the experiment needs to be repeated at different sites.

If we know that the linear relationship between

animal gain and stocking rate exists, the optimum stock-

ing rate can be calculated using only two stocking rates:

one below and one above the theoretical optimum (Coniffe

et al., 1970; Jones and Sandland, 1974). Although the

validity of this relationship has been put in doubt

(Sandland and Jones, 1975; Connolly, 1976), the simple

linear model has the advantage of being much easier to fit

as well as embodying the theoretical advantages of the so

called superior models.

Petersen et al. (1965) conducted a laboratory trial

with rats in order to prove the theory, and found the

following relationship: y = 1.10ra - 12.33 for males and

y = 0.94ra - 11.0 for females, where ra is feed available
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adjusted to 150 g body weight. Tn Australia (Jones,

1974), the linear relationship between stocking rate and

animal gain was also proved. Jones (1974) worked with

Nandi setaria and Desmodium, Nandi setaria and Siratro,

and Nandi setaria plus 336 kg N/ha, with 3, 4, and 5 dif-

ferent stocking rates for the respective treatments.

The maximum gains/ha were: 256, 256, and 491 kg/yr at

2.1, 2.4, and 5.6 animals/ha for Nandi plus Desmodium,

Nandi plus Siratro, and Nandi plus N, respectively.

Conway (1973) reviewed the literature on herbage intake

of grazing cattle, and the following formula was deducted:

log e (pounds of organic matter intake)= -0.761 + 0.588

log e (pounds liveweight gain 150) + 0.197 (M) +

0.573 log e (organic matter digestibility), where M =

1 (0) for lactating (non-lactating) cattle. This formula

is used to evaluate relative stocking values at different

physiological stages.



15

MATERIALS AND METHODS

Area Location and Description

The trial was planned and conducted at "El Apuro"

Ranch, property of the Mexican Association of Animal

Production. It is located in Aldama County, State of

Tamaulipas, Mexico. It is at 22°35' Lat. N and 97° 58'

Long. W; at 0 to 17 m above sea level, with an average

temperature of 24.3° C and with a minimum temperature

of 0° C. The average yearly precipitation is 1034.5 mm,

80% of which falls between June and late September, with

occasional showers in the winter. The climate is Awo" (e)

(the most dry of the warm sub-humids with summer rain),

according to K6ppen, and modified by E. Garcia (1970).

It has a P/T quotient (mean yearly precipitation in mm

over average annual temperature in °C) of 43.2. The

vegetation is described as Acek 62 (low semideciduous

thorny jungle) by COTECOCA (1973).

Animals, Grass Species, and Stocking Rates

Pangola digitgrass, Coastcross-1 bermudagrass, and

Kazungula setaria were the grass species used in this

trial. An area of 2.7 ha was used for each species.

Each pasture was divided into three parts of 0.7, 0.9,

and 1.1 ha [for the high (H), medium (M), and low (L)

stocking rates]. Each lot was grazed by nine yearling

Zebu steers, each with an average initial body weight of

150 kg. This gives a concentration of 12.85, 10, and

8.18 steers/ha for each lot (H, M, and L stocking rates,

respectively). These 27 steers were picked from a group
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of 30 animals. There was a two month adaptation period

(from purchase until the beginning of the trial). All

were grazing Kazungula and Nandi setarias, at a stocking
rate of 4.8 steers/ha. A dose of 10 g Thiabendazole*

per animal was given as a dewormer.

An extra lot of 48 Tropical Milking Criollo, Zebu,

and Brown Swiss cattle, and their respective crosses were

used. Their purpose was to harvest all the extra vege-

tative material remaining after each grazing period when

maximum herbage growth was achieved; that is, during

the rainy season. During the second year of the trial,

42 animals of the same type (Criollo, Zebu, Brown Swiss,

and crosses) were used for the same purpose. The grasses

used were under dry land conditions and without fertili-

zation. These pastures were two to three years old (from

their establishment) and on sites where the jungle was

removed recently. The only treatment these grasses re-

ceived was periodical clipping which was necessary to

control weeds, forbs and shrubs.

Experimental Design, Sampling and Analysis

The grazing seasons were from June 25, 1975, to Jan-

uary 21, 1976, and from June 16, 1976, to January 27,

1977, The length of the grazing periods was 14 days for

each grass species. The animals were rotated from one

species to another, beginning with Pangola digitgrass,

then Coastcross-1 bermudagrass, and finally Kazungula

setaria. When the animals finished grazing Kazungula

setaria, they grazed on Pangolagrass to begin the cycle

again. This sequence was chosen because it has been re-

ported that Pangolagrass stops growing first, while Ka-

zungula setaria stops growing last (of the three grasses)

*Merck, Sharp & Dohme, Rahway, NJ.
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At the beginning of the trial, animals were allotted

to the different stocking rates on liveweight basis. This

was done in order to have the same kg of body weight in

comparable treatments. Each group of nine steers was

divided into three subgroups (of three animals each, for

the high, medium, and low stocking rates of the following

grazing period). This subdivision was done because an

animal rotation was needed when the steers were going to

go to the next species of grass (to Coastcross-1 bermuda-

grass). When the steers were moved again (to Kazungula

setaria), each group of three was divided again, and each

steer went to the different stocking rates. From Kazun-

gula setaria, the animals were moved to the Pangolagrass

pasture, and they were put in the same 9-steer group as

at the beginning. The same rotation pattern was con-

tinued until the end of the grazing season. This rota-

tion was used to avoid excessive weight loss of the

animals that otherwise would always be in the high rate

of stocking. This excessive weight loss could eventually

lead to death, if the high stocking rate were excessively

high, mainly at the end of the growing season. Also, by

by this method only one animal remained in the same stocking

rate as a control. This design is graphically shown in figure 1.

In the second year of the study, groups of ten in-

stead of nine were used, because only animals of lower

weight were available. The only difference in the rota-

tion was that two steers instead of one remained as a

control at each grazing level.

All the animals were weighed after 12 hr without

feed and water at the end of each grazing period.

Precipitation was measured throughout the first year

of the trial. Also, soil moisture was measured at the

beginning of each grazing period. Soil samples were taken



Pangolagrass Coastcross-1 Kazungula setaria

1a, 2, 3 1, 2, 3 1, 4, 7

1,1 has 4, 5, 6, 10, 11, 12 10, 13, 16

7, 8, 9 19, 20, 21 19, 22, 25

10, 11, 12 4, 5, 6 2, 5, 8

0.9 has 13, 14, 15 13, 14, 15 11, 14, 17

16, 17, 18 22, 23, 24 20, 23, 26

19, 20, 21 7, 8, 9 3, 6, 9

0.7 has
22, 23, 24 16, 17, 18 12, 15, 18

25, 26, 27 25, 26, 27 21, 24, 27

Figure 1. Diagram of the animal rotation during the 1975-76 grazing trial.
a
Steer identification number.
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at 0 to 12 cm and 12 to 25 cm depths for this purpose.

This was done because it was observed that roots were lo-

cated mainly at those depths. Dry matter production was

also measured. Seven 0.5 m2 samples were taken from each

grass lot at the beginning of each grazing period. The

measurement of dry matter production was made at 0 to 15

cm and greater than 15 cm height for Pangolagrass and

Coastcross-1 bermudagrass. For Kazungula setaria, the

heights chosen were 0 to 20 cm and greater than 20 cm high.

These heights were selected because a maximum herbage con-

centration was seen in substrate two (0-15 cm, or 0-20 cm)

for the different species.

The method used to calculate the optimum stocking

rate was that proposed by Riewe (1961, 1965). This

method suggests the use of regression techniques on

grazing trials to study the relationship between animal

gain, stocking rate, and gain per area.

Correlation coefficients were calculated among av-

erage daily gain in a given period (Pi); dry matter

available per steer at substrate one, substrate two,

and total; average daily gain during the 14, 28, and 42

days before the given period; soil moisture at 0 to 12

cm, 12 to 25 cm depth, and total moisture. All these

correlations and regression analysis were used to find

the equation that best describes average daily gain

under these conditions.
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RESULTS AND DISCUSSION

The summary of all grazing species and periods with

their respective codes is presented in table 1 for the

1975-76 trial and in table 2 for the 1976-77 trial.

Correlation Between ADG and Nutritional
and Environmental Parameters

Table 3 shows the values for ADG (kg) and the other

parameters which were measured during the first year.

The partial correlation coefficients of ADG with all

the other measured parameters are shown in table 4. Table

5 shows the regression equations of ADG (Y) on the environ-

mental and nutritional parameters that had the most effect

on this treatment.

It can be seen that the variable most related to ADG

when all the grasses were treated together was soil mois-

ture from 0-12 cm. This correlation coefficient (r) is

0.515. Although a higher relationship of ADG with availa-

ble dry matter could be expected, their correlation coef-

ficients were only 0.289, 0.053, and 0.154 for dry matter

in substrate one, two, and total, respectively. This isbe-

cause during the rainy season grasses have higher nutri-

tional quality. This is more important than dry matter

availability by itself. If ADG is higher during the rainy

season, a higher relationship between ADG and precipitation

is expected. Since the rainfall in this area is torrential,

a higher amount of runoff follows, while soil moisture re-

mains fairly constant throughout the season. A multiple

regression equation was fitted with this data, and the for-

mula with the three variables that had the most effect on

ADG is:



TABLE 1. GRASSES, PERIODS AND CODES FOR THE 1975-76 GRAZING TRIAL

Specie Period Date Code

Pangolagrass 1 06-25-75 to 07-09-75 P-11

Coastcross-1 bermuda 1 07-09-75 to 07-23-75 CC1-11

Kazungula setaria 1 07-23-75 to 08-06-75 S-11

Pangolagrass 2 08-06-75 to 08-20-75 P-12

Coastcross-1 bermuda 2 08-20-75 to 09-03-75 CC1-12

Kazungula setaria 2 09-03-75 to 09-17-75 S-12

Pangolagrass 3 09-17-75 to 10-01-75 P-13

Coastcross-1 bermuda 3 10-01-75 to 10-15-75 CC1-13

Kazungula setaria 3 10-15-75 to 10-29-75 S-13

Pangolagrass 4 10-29-75 to 11-12-75 P-14

Coastcross-1 bermuda 4 11-12-75 to 11-26-75 CC1-14

Kazungula setaria 4 11-26-75 to 12-10-75 S-14

Pangolagrass 5 12-10-75 to 12-24-75 P-15

Coastcross-1 bermuda 5 12-24-75 to 01-07-75 CC1-15

Kazungula setaria 5 01-07-75 to 01-21-75 S-15



TABLE 2. GRASSES, PERIODS AND CODES FOR THE 1976-77 GRAZING TRIAL

Specie Period Date Code

Pangolagrass 1 06-16-76 to 07-01-76 P-21

Coastcross-1 bermuda 1 07-01-76 to 07-15-76 CC1-21

Kazungula setaria 1 07-15-76 to 07-29-76 S-21

Pangolagrass 2 07-29-76 to 08-12-76 P-22

Coastcross-1 bermuda 2 08-12-76 to 08-26-76 CC1-22

Kazungula setaria 2 08-26-76 to 09-09-76 S-22

Pangolagrass 3 09-09-76 to 09-23-76 P-23

Coastcross-1 bermuda 3 09-23-76 to 10-07-76 CC1-23

Kazungula setaria 3 10-07-76 to 10-21-76 S-23

Pangolagrass 4 10-21-76 to 11-04-76 P-24

Coastcross-1 bermuda 4 11-04-76 to 11-18-76 CC1-24

Kazungula setaria 4 11-18-76 to 12-02-76 S-24

Pangolagrass 5 12-02-76 to 12-16-76 P-25

Coastcross-1 bermuda 5 12-16-76 to 12-30-76 CC1-25

Kazungula setaria 5 12-30-76 to 01-13-77 S-25

Pangolagrass 6 01-13-77 to 01-27-77 P-26



TABLE 3. AVERAGE DAILY GAIN, NUTRITIONAL AND ENVIRONMENTAL PARAMETER VALUES OF THE FIRST
YEAR

Sample S.R.a ADGb ADM-lc ADM-2d ADM-tc ADG-
Pi-1

ADG-P ADC-Ph
2 1-3

SM-1
i

SM-2.5 SMT
k

ppt-R
1 m

ppt-P
1 i-2

P-11 L .986 72.1 262.4 334.5 .384 .186 .560 29.52 28.56 29.04 40.0 41.0
P-11 M .949 160.9 301.3 462.2 .270 .259 .583 22.82 23.12 22.97 40.0 41.0
P-11 H .814 122.8 234.4 357.2 .263 .186 .428 24.74 23.67 24.21 40.0 41.0
CC1-11 L .052 214.5 191.9 406.4 .852 .673 .453 11.93 13.21 12.57 0.0 40.0
CC1-11 M .471 134.1 97.5 231.6 1.011 .610 .489 18.34 15.32 16.83 0.0 40.0
CC1-11 H .244 117.2 150.7 267.9 .886 .539 .396 11.08 12.33 11.71 0.0 40.0
5 -11 L .556 148.3 493.7 642.0 .411 .470 .583 21.84 17.79 19.79 86.0 86.0
S-11 M .381 70.8 360.7 431.5 .365 .773 .496 19.25 22.35 20.80 86.0 86.0
S-11 H .214 57.1 232.0 289.1 -.008 .514 .447 23.29 23.47 23.38 86.0 86.0
P-12 L 1.375 342.2 262.4 334.5 .733 .344 .559 27.72 21.16 24.44 40.0 126.0
P-12 M 1.181 493.4 405.0 898.4 .195 .396 .580 28.05 29.24 28.65 40.0 126.0
P-12 H 1.209 329.2 307.5 636.7 .220 .203 .418 35.13 24.38 29.76 40.0 126.0
CC1-12 L 1.278 471.8 697.0 1168.8 1.575 1.054 .688 37.09 31.57 34.33 151.0 191.0
CC1-12 M 1.237 311.0 297.3 608.3 1.163 .688 .658 46.77 32.78 39.78 151.0 191.0
CC1-12 H .995 363.0 352.3 715.3 1.027 .715 .550 46.19 31.57 38.88 151.0 191.0
S-12 L -.267 358.6 792.1 1050.7 1.325 1.254 1.080 26.58 24.79 25.69 86.0 237.0
S-12 M .173 269.9 791.7 1061.6 .915 1.160 .838 25.71 25.17 25.44 86.0 237.0
S-12 H -.135 366.7 527.8 894.5 1.269 1.224 .890 24.53 25.25 24.89 86.0 237.0
P-13 L .390 84.5 516.3 600.8 -.011 .561 .832 38.29 34.75 36.52 369.5 456.0
P-13 M .651 63.0 357.1 420.1 -.065 .536 .753 36.45 33.83 35.14 369.5 456.0
P-13 H .552 48.5 258.3 306.8 -.152 .543 .765 39.00 35.00 37.00 369.5 456.0
CC1-13 L .824 301.3 345.0 646.3 .546 .190 .504 18.43 18.75 18.59 8.2 531.7
CC1-13 M .456 121.8 159.0 280.8 .627 .293 .576 13.75 17.50 15.63 8.2 531.7
CC1-13 H .463 169.8 288.8 458.6 .421 .200 .546 15.54 18.58 17.06 8.2 531.7
S-13 L .540 208.6 252.9 461.5 .579 .553 .365 20.16 19.77 19.97 100.0 108.2
S-13 M .392 42.7 204.9 247.6 .478 .631 .400 18.54 18.40 18.47 100.0 108.2
S-13 H .298 143.7 237.5 381.2 .686 .484 .272 22.63 20.41 21.52 100.0 108.2



TABLE 3 CONTINUED. AVERAGE DAILY GAIN, NUTRITIONAL AND ENVIRONMENTAL PARAMETER VALUES OF
THE FIRST YEAR

Sample S.R.
a

ADG
b

ADM-1
c d

ADM-2 ADM-ta ADG -P.
Pi-1

ADG -P. g
i-2

ADG -P.
i-3

SM-1 SM -21 SMT
k 1

ppt-P. ppt-11
m

i-t

P-14 L .740 63.2 216.7 279.9 .395 .556 .500 25.05 25.94 25.50 0.0 99.0
P-14 M .852 31.4 157.8 189.2 .443 .527 .570 25.24 25.33 25.29 0.0 99.0
P-14 H .812 17.6 142.7 160.3 .393 .404 .422 19.68 20.44 20.06 0.0 99.0
CC1-14 L .513 125.0 318.5 443.5 .835 .568 .617 15.62 17.55 16.59 6.5 6.5
CC1-14 M .292 73.0 155.7 228.7 .783 .648 .637 13.53 17.44 15.49 6.5 6.5
CC1-14 H .292 147.9 192.9 340.8 .787 .603 .509 16.56 18.81 17.69 6.5 6.5
S-14 L .049 100.5 353.3 453.8 .471 .586 .522 17.70 17.60 17.65 20.8 27.3
S-14 M -.025 27.7 196.7 224.4 .346 .540 .537 16.36 14.93 15.65 20.8 27.3
5 -14 H -.337 5.6 92.6 98.2 .280 .580 .518 17.51 17.32 17.42 20.8 27.3
P-15 L .976 0.0 446.5 446.5 .006 .219 .393 15.59 17.91 16.75 0.0 8.0
P-15 M 1.292 0.0 358.0 358.0 -.135 .129 .345 16.68 17.39 17.04 0.0 8.0
P-I5 H 1.275 0.0 171.7 171.7 -.184 .083 .326 15.37 18.4 16.89 0.0 8.0
CC1-15 L -.152 127.7 312.9 440.5 1.145 .491 .472 14.99 17.87 16.43 3.5 3.5
CC1-15 M -.227 86.1 275.4 361.5 1.249 .579 .491 12.78 14.89 13.84 3.5 3.5
CC1-15 H -.237 123.7 266.5 390.2 1.151 .545 .478 13.62 15.94 14.78 3.5 3.5
S-15 L -.054 52.1 355.1 407.2 -.151 .417 .280 9.69 12.07 10.88 0.0 3.5
S-15 M -.014 14.5 136.8 151.3 -.311 .499 .287 9.64 12.36 11.0 0.0 3.5
S-15 H -.356 5.0 120.9 125.9 -.154 .548 .302 11.61 13.21 12.41 0.0 3.5

S.R. = stocking rate; L = 8.18 steers/ha, M = 10 steers/ha, H = 12.86 steers/ha.b
ADG = Average daily gain.

c
ADM-1 = Available dry matter per steer per period (kg) at 15 cm height or more for Pangolagrass, and Coastcross -1 bermudagrass,

and 20 cm height or more for Kazungula setaria.
d
ADM-2 = Available dry matter per steer per period (kg) from 0-15 cm height on Pangolagrass, and Coastcross-1 bermudagrass, and

0-20 cm height for Kazungula setaria.
efADM-t = Total available dry matter per steer per period in kg.
ADG-Pi_i = ADG 14 days before that specific period.

gADG-Pi_2 = ADG 28 days before that specific period.
= ADG 42 days before that specific period.

Percentage soil moisture from 0 to 12 cm depth.
SM-2 = Percentage soil moisture from 12 to 25 cm depth.

1
SMT = Percentage soil moisture from 0 to 25 cm depth.
ppt-Pi_l = Precipitation in mm, 14 days before that specific period in that specific pasture.
m
ppt-Pi_2 = Precipitation in mm, 28 days before that specific period in that specific pasture.



24

TABLE 4. PARTIAL CORRELATION COEFFICIENTS OF ADG WITH
NUTRITIONAL AND ENVIRONMENTAL PARAMETERS ON
PANGOLAGRASS (P), COASTCROSS-1 BERMUDAGRASS (CC1),
KAZUNGULA SETARIA (S) AND ALL TOGETHER (POOLED)
FOR THE 1975-76 GRAZING TRIAL

Variablea Pooled P CC1

ADM-1 0.289 0.414** 0.816** 0.031

ADM-2 0.053 -0.160 0.527** 0.037

ADM-T 0.154 0.077 0.696** 0.065

ADG-Pi_i -0.151 0.210 0.101 0.038

ADG-P1_2 -0.437** -0.715** 0.293* -0.260

ADG-P1_3 -0.058 -0.693** 0.677** -0.241

SM-1 0.514** -0.525** 0.814** 0.274

SM-2 0.472** -0.706** 0.826** 0.206

SMT 0.505** -0.617** 0.825** 0.246

ppt-Pi_i 0.123 -0.700** 0.800** 0.644**

ppt-Pi _2 0.121 -0.700** 0.446** 0.104

aThe codes are given in table 3.
*Significant at the .05 probability level.
**Significant at the .01 probability level.



TABLE 5. REGRESSION EQUATIONS OF ADG ON SEVERAL NUTRITIONAL AND ENVIRONMENTAL
PARAMETERS FOR PANGOLAGRASS, COASTCROSS-1 BERMUDAGRASS, AND KAZUNGULA
SETARIA BY THEMSELVES AND POOLED

Equation F R
2

ADG (kg) 0.0646 1.0036 ADG-Pi_2 + 0.0492 SM-1 -Pooled= 26.03 0.656
0.00214 ppt-Pi_l

ADG (kg)p = 1.675 + 0.000946 ADM-1 - 0.558 ADG -Pi -2
0.0262 SM-2 16.58 0.706

ADG (kg) CC-1 = -0.740 + 0.0598 SM-2 28.02 0.683

ADG (kg)s = 0.1587 - 0.648 ADG-Pi-2 + 0.00645 ppt-Pi_i 16.69 0.736
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ADG (kg) = 0.0646 - 1.0036 ADG-131_2 + 0.0492 SM-1 -

0.00214 ppt-Pi

When regression analysis was conducted in each grass

by itself, the correlation coefficients increased.

This indicates how different these grass species

are. The variable most related to ADG in Pangolagrass

was ADG-P
i-2

(r = -0.715), that is explained by the com-

pensatory growth phenomenon. The factor that had the

second most influence was ADM-1 (r = 0.414). Throughout

the experiment, Pangola gave the highest ADG; therefore,

compensatory growth was able to be fully expressed and

forage availability was never the limiting factor. When

steers went to Pangola, they were coming from Setaria

where they did the poorest. The third entering value

was SM-2 (r = -0.706), and the equation constructed is:

ADG on Pangola (kg) = 1.675 + 0.000946 ADM-1 0.558

ADG -Pi-2
- 0.0262 SM-2

In the case of Coastcross-1 bermudagrass, the varia-

ble that had the most effect on ADG was SM-2 (r = 0.826)

and was the only one that significantly explained the

rate of gain variation. This indicates how fast this

grass responds to the increase in soil moisture. The

equation constructed is:

ADG on Coastcross-1 bermudagrass = -0.740 + 0.0598 SM-2

The variable most related to ADG on Kazungula setaria

was ppt-Pi (r = 0.645). This explains why this species

responds so well to dew during the winter and early spring

at this station (personal observation). The second most

important variable was ADG-131_2 (r = -0.260), showing

again the effect of compensatory gain. The equation is:

ADG on Kazungula setaria = 0.1587 0.648 ADG -Pi -2
+

0.00645 ppt-Pi
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Looking at all the equations derived, it can be

easily seen how important compensatory gain is in these

kinds of experiments. Probably its effect was greatly

increased by the short duration of the different grazing

periods, and sometimes what were really measured was

the stomach and gut fill instead of the rate of gain.

Although this kind of design has several drawbacks, it

is very useful when land and animals are the limiting

factor. It can be suggested from these results that much

more accuracy may be gained by conducting these kinds

of trials using longer grazing periods during the grazing

season and/or limiting the number of species.

Optimum Stocking Rate

Since extra animals were used in order to harvest

the surplus forage during the rainy season, the EFU (est-

imated feed units) approach was used to calculate the

optimum stocking rate. Covariance analysis was used to

study the relationship between EFU harvested and stocking

rate; very low correlation coefficients were obtained.

From these data very high optimum stocking rates were

calculated; therefore, the estimated optimum stocking

rates calculated in this manner were not reported, based

on the following reasons:

a) Most of the time the low correlation coefficients

stated above did not reach -0.70. A -0.70 correla-

tion coefficient was the break point used in this

report in order to accept a valid relationship bet-

ween animal gain and stocking rate.

b) The EFU units approach is based on the TDN system

instead of the net energy system, and much more biased

results can be achieved this way.
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c) The TDN requirements are calculated for European

type cattle (Bos taurus), while the animals used in

this trial were Zebu type (Bos indicus). It is known

that these kinds of animals differ in their digesti-

bility and energy metabolism (Patle and Mudgal, 1975).

Covariance analysis was also used to study the re-

lationship between grazing pressure and animal gain, using

the actual gain instead of EFU. Table 6 shows the covar-

iance analysis for all the grazing trial. In this table

only the grazing periods with negative and greater than

-0.70 correlation coefficients were included. All of

the periods are included in one table because when the

same analysis was conducted on each grass, no significant

differences in the slope of the regression coefficients

were detected.

Figures 2 to 7 show the relationship of grazing

pressure with animal gain for each grass and year separate-

ly. These figures clearly show when the grazing pressure

was not high enough to consume pasture production, mainly

in the Pangola prairie. These rates were adequate for

Kazungula setaria, since the negative relationship occur-

red in 9 of 10 grazing periods. In the case of Pangola,

the failure to follow the negative relationship indicates

that we were actually measuring stomach filling and/or

compensatory growth, as was stated before.

In the first period of the first year in Coastcross-

1 bermudagrass, a drastically lower animal gain at the

low grazing pressure occurred. This was mainly due to

one steer that lost 36 kg in that period without any

noticeable symptoms of disease. In Kazungula setaria

the same pattern was followed in the second grazing

period. This is explained by the high amount of moisture



TABLE 6. COVARIANCE ANALYSIS OF STEER GAINS FOR THE THREE STOCKING RATES FOR THE TWO-
YEAR GRAZING TRIAL

Source df SSX SXY SSY
Deviations from regression

df SS MS

P-11 2 11.131 -5.855 3.196 1 0.116 0.116
P-12 2 11.131 -4.922 4.338 1 2.162 2.162
CC-12 2 11.131 -9.739 9.111 1 0.590 0.590
CC-13 2 11.131 -10.894 17.304 1 6.642 6.642
CC-14 2 11.131 -6.717 6.407 1 2.354 2.354
CC-15 2 11.131 -2.598 0.832 1 0.226 0.226
K-11 2 11.131 -11.185 11.470 1 0.231 0.231
K-13 2 11.131 -7.797 5.841 1 0.379 0.379
K-14 2 11.131 -13.237 16.478 1 0.737 0.737
K-15 2 11.131 -10.832 13.721 1 3.180 3.180
P-22 2 13.744 -3.384 0.982 1 0.149 0.149
P-24 2 13.744 -11.891 11.527 1 1.239 1.239
P-25 2 13.744 -11.476 10.712 1 1.130 1.130
CC-24 2 13.744 -7.525 4.445 1 0.325 0.325
CC-25 2 13.744 -4.336 2.712 1 1.344 1.344
K-21 2 13.744 -10.411 7.932 1 0.046 0.046
K-23 2 13.744 -2.460 0.452 1 0.011 0.011
Pooled 17 20.861 1.227
Reg. Coef. 16 18.438 1.152
Common 34 207.518 -135.259 127.460 33 39.299 1.191
Adj. Means 16 1952.715 122.045
Total 50 223.861 -114.078 2050.147 49 1992.014
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TABLE 7. REGRESSION EQUATIONS, DETERMINATION AND COR-
RELATION COEFFICIENTS FOR STOCKING RATE ON
Kg GAIN PER STEER PER PERIOD FOR THE TWO-
YEAR GRAZING TRIAL

Source Regression equation R
2

P-11 Y =
P-12 Y =
CC-12 y =
CC-13 Y =
CC-14 Y =
CC-15 Y =
K-11 y: =

K-13 Y =
K-14 Y =
K-15 Y =
P-22 y =
P-24 y =
P-25 Y =
CC-24 Y =
CC-25 Y =
K-21 Y =
K-23 Y =

18.272 - 0.510x 0.963 -0.982
22.150 - 0.510x 0.502 -0.708
25.435 0.510x 0.935 -0.967
18.266 - 0.510x 0.614 -0.784
11.372 - 0.510x 0.633 -0.795
-0.456 - 0.510x 0.729 -0.854
15.781 - 0.510x 0.980 -0.990
13.000 - 0.510x 0.935 -0.967
10.854 - 0.510x 0.955 -0.977
8.097 - 0.510x 0.768 -0.876

12.251 0.510x 0.849 -0.922
21.124 - 0.510x 0.893 -0.945
22.574 - 0.510x 0.894 -0.946
6.101 - 0.510x 0.927 -0.963
6.599 0.510x 0.505 -0.711
16.650 - 0.510x 0.994 -0.997
13.627 - 0.510x 0.975 -0.988
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during September of 1975. This moisture caused an out-

break of spittlebugs which were later controlled by clip-

ping the grass and by the dry weather which followed.

The estimated optimum stocking rates for the two

different grazing seasons that the trial lasted are pre-

sented in tables 8 and 9 for 1975-76 and 1976-77, re-

spectively. The monthly rain distribution is plotted in

figure 8. In the case of Pangolagrass and during the

first grazing season, it was possible to estimate the op-

timum grazing pressure only during the first two grazing

periods. This can easily be explained by the precipita-

tion pattern during 1975 when the rainy season was late.

After the rain began, the animals used in this test were

not able to consume all the forage production. The same

pattern is seen during the second year of the study,

when precipitation was higher than the average; therefore,

the optimum rate of grazing could not be estimated during

the first and third grazing periods. The optimum rate

estimated during the second grazing period was lower than

that for the fourth and fifth periods, probably due to

the extra animals used during this time of the year.

Unfortunately, it was impossible to incorporate these

data (the gain or loss of the extra animals) in this re-

port. This was done in order to decrease the deviation

from what actually happened with so many correction factors

and transformations, as was explained before. This lower

rate in the second grazing period and season was due to

the excessive waterlogging during that month, since Pango-

la is affected by this factor (GiShl, 1975).

Looking at the estimated rates in Coastcross-1 ber-

mudgagrass, the different estimations can be explained by

the precipitation pattern. In the first grazing period,



TABLE 8. ESTIMATED OPTIMUM STOCKING RATE FOR THE THREE DIFFERENT
GRASSES, DURING THE FIVE DIFFERENT GRAZING PERIODS, IN
THE 1975-76 GRAZING SEASON

Period
Grass 1 2 3 4 5

Pangola 17.928 21.733 a a a

Coastcross-1 b 24.956 17.922 11.158 c

Setaria 15.484 a 12.755 10.650 7.945

aOptimum stocking rate could not be estimated because the highest
stocking rate was to low to consume pasture production.

bAnimal losing weight.
cPasture overstocked at all levels.



TABLE 9. ESTIMATED OPTIMUM STOCKING RATE FOR THE THREE DIFFERENT
GRASSES, DURING THE FIVE DIFFERENT GRAZING PERIODS, IN
THE 1976-77 GRAZING SEASON

Period
Grass 1 2 3 4 5

Pangola a 12.020 a 20.726

Coastcross-1 a b b 5.986

Setaria 16.337 b 13.371 b

22.149

6.475

b

aOptimum stocking rate could not be estimated because the highest grazing
pressure was to low to consume pasture production.

bOptimum stocking rate was not estimated because correlation coefficient
between stocking rate and gain was less than 0.70.
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the optimum rate could not be calculated because of

the steer that lost almost 2.6 kg/day; but if this loss

had not been taken into account, the optimum stocking rate

would be 16.233 steers/ha, with a correlation coefficient

of -0.997. The estimated optimum stocking rate for the

second period was the highest for all the trial and cor-

responds to the highest monthly precipitation of all the

trial (September 1975, with 487 mm of rain). Afterwards,

the estimated optimum stocking rates decreased. The same

pattern is followed in the second year of the study, when

the first three grazing periods were not calculated be-

cause of the excessive forage availability and the low

negative relation between grazing pressure and animal

gain. It can also be noticed how gradually the estimated

optimum rates are decreasing in this grass. This suggests

how sensitive this species is to the lack of nutrients.

All these pastures were without any fertilizer.

For Kazungula setaria, during the first year the

estimated rates were lower, partially because of the

stresses that the grass had due to the spittlebug outbreak.

In this same grazing season, the steers on Kazungula se-

taria were never able to reach the rate of gain that the

steers on the other two species attained. In the second

year of the study, Kazungula showed a higher carrying

capacity than Coastcross-1 bermudagrass; but lower

than Pangola. The individual rate of gain was lower than

on Pangola and about the same as on Coastcross-1 bermuda-

grass.

The effect of stocking rate on animal gain and gain

per ha is shown in figures 9 to 14 for the different

grazing species, grazing seasons, and grazing periods.

In these figures it is graphically shown how different

the two grazing seasons were in the bermudagrass variety.
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Figure 9. Effect of stocking rate on liveweight gain per animal and per hectare
for Pangolagrass, 1975-76 grazing season.
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Pangolagrass gave the highest animal gains on the average,

except for Coastcross-1 bermudagrass which was the best

grass in the second period during the first grazing sea-

son. The animal gain and gain per area at the estimated

optimum stocking rate are listed in table 10.

The average daily gains, with their standard error

(S.E,M.) and honestly significant differences (H.S.D.) for

the different grasses, periods, grass x year, period x

year, and period x grass interactions, are listed in

tables 11 to 15, respectively. These tables are reported

because those were the only sources of variation that

reached significant levels when the analysis of variance

was conducted. They are also reported to give an idea

of the distribution of ADG throughout the experiment.
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TABLE 10. ESTIMATED GAIN PER ANIMAL AND PER AREA AT THE
ESTIMATED OPTIMUM STOCKING RATE FOR THE TWO-
YEAR GRAZING TRIAL

Source Stocking rate Gain per Gain per
(steers/ha) animal (kg) hectare (kg)

P-11 17.93 9.129 163.660

P-12 21.73 11.066 240.501

CC-12 24.96 12.707 317.127

CC-13 17.92 9.126 163.552

CC-14 11.16 5.681 63.393

K-11 15.48 7.884 122.078

K-13 12.76 6.495 82.843

K-14 10.65 5.423 57.75

K-15 7.95 4.045 32.138

P-22 12.02 6.121 73.572

P-24 20.73 10.554 218.737

P-25 22.15 11.278 249.797

CC-24 5.99 3.048 18.246

CC-25 6.48 3.297 21.346

K-21 16.34 8.318 135.893

K-23 13.37 6.808 91.027
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TABLE 11. AVERAGE DAILY GAIN (g) OF THE STEERS GRAZING ON THE THREE
DIFFERENT SPECIES FOR ALL THE GRAZING TRIAL

Grass Pangola Coastcross-1 Setaria S.E.M. H.S.D.

ADG (g) 852 406 146 34.88 165.75

TABLE 12. AVERAGE DAILY GAIN (g) OF STEERS DURING THE DIFFERENT
GRAZING PERIODS FOR ALL THE GRAZING TRIAL

Period 1 2 3 4 5 S.E.M. H.S.D.

ADG (g) 611 542 582 245 361 45.03 245.64
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TABLE 13. AVERAGE DAILY GAIN (g) OF STEERS
GRAZING THE THREE DIFFERENT SPECIES
DURING 1975-76, AND 1976-77 GRAZING
SEASONS

Year
Grass

Pangola Coastcross-1 Setaria

1975-76 937 433 94

1976-77 766 379 198

S.E.M. = 49.33
H.S.D. = 286.02

TABLE 14. AVERAGE DAILY GAIN (g) OF STEERS
DURING THE DIFFERENT GRAZING PERIODS
AND SEASONS

Period
Year 1 2 3 4 5

1975-76 519 783 507 354 278

1976-77 703 301 657 136 444

S.E.M. = 63.68
H.S.D. = 410.68
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TABLE 15. AVERAGE DAILY GAIN (g) OF STEERS GRAZING
THE DIFFERENT SPECIES, DURING THE DIFFER-
ENT GRAZING SEASONS DURING ALL THE TRIAL

Period
Grass 1 2 3 4 5

Pangola 873 964 570 799 1054

Coastcross-1 486 801 560 177 8

Setaria 474 -139 617 -242 21

S.E.M. = 78.00
H.S.D. = 540.49
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CONCLUSIONS

From the results given in the preceding section,

we can arrive at the following conclusions:

a) Grass finishing for the Mexican market is feasible

under the conditions cited in this trial.

b) The tropical grass species studied respond differently

to the different stocking rates used.

c) Following the pattern of response to the different

grazing pressures and the estimated optimum stocking

rates, these grasses have different nutritive require-

ments.

d) The response of these species to the parameters

measured here is more of a genetic than a phenologi-

cal one.

Finally, since in this study we were using steers of

different weights and in a rotational way (in order to

allow the optimum stocking rate estimation for the three

species), several corrections were made to construct

table 16. Table 16 shows the average of the estimated

optimum rates for the two-year study in animal units

(A.U.)* per ha. In this table we can see how the optimum

grazing pressure with Pangola digitgrass was increasing

as the grazing season continued. With Pangola it was more

of an additive effect due to the poor performance of

cattle on other grasses. In Coastcross-1 bermudagrass the

estimated optimum stocking rates were decreasing with the

season. This is due to the decrease in soil moisture plus

the lack of fertilization, which showed up in the lower

estimated optimum stocking rates during the second year

*A.U. = 450 kg liveweight
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of the study. In the case of Kazungula setaria the

optimum rates followed the precipitation pattern. In

this species an increase in the grazing pressure can be

achieved with better management, since better results

are obtained if it is grazed to less than 30 cm height

(Giihl, 1975) and in this trial most of the time its height

was more than that.



TABLE 16. AVERAGE OF THE ESTIMATED OPTIMUM STOCKING RATES FOR THE
TWO YEAR STUDY, DURING THE FIVE DIFFERENT GRAZING PERIODS,
IN ANIMAL UNITS (A.U.) PER HECTARE

Grass
Period

1 2 3 4 5

Pangola 1.962 2.062 a 2.975 3.291

Coastcross-1 a 3.492 2.755 1.397 1.000

Setaria 1.790 1.917 1.838 1.441

aOptimum stocking rate could not be estimated because the highest
grazing pressure was to low to consume pasture production.
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