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ABSTRACT

Voluntary intake and apparent digestibility of an artificially dried tropical
grass, Cynodon nlemfuensis variety nlemfuensis, was evaluated utilizing
Holstein bull calves. Two regrowth ages of grass hays, 30 and 45 days, were
fed to two groups of four calves each: 16 and 24 weeks old. The grass hays
were analyzed for dry matter and crude protein and for fiber fractions
according to Goering and Van Soest.

There were no significant differences between means for voluntary intake
(g/kg body weight (BW)/day) of the chemical constituents for the four calf-
hay groups. However, the trend was for higher intake by the 24-week old
calves fed the 30-day hay than by the other three groups. Among the 16-
week old calves, there was a higher voluntary intake by those consuming
the 45-day hay despite the slightly higher nutritive value of the 30-day hay.

When the data were pooled across calf ages, voluntary intake of 30-day
hays was greater than for the 45-day ones, although only differences in
crude protein intake were significant (P < .05). Pooled across hay ages,
voluntary intake by the 24-week old calves was significantly greater (P <
.05) than by the 16-week old calves for dry matter and neutral-detergent
fiber only, indicating that hay intake was related to reticulo-ruminal capacity.

Differences in apparent digestibility were significant (P < .05) only for
crude protein with the 24-week old calves fed the 30-day hay, having a
greater coefficient of digestibility than the 16- and 24-week old calves fed
the 45-day hay. Crude protein digestibility of the 30-day hays (pooled across
calf ages) was significantly greater (P < .05) than that of the 45-day hays.
Although not significant for all constituents, the values were higher for the
30-day hay than for the 45-day hay (pooled across calf ages) and for the 24-
week old calves than for the 16-week old calves (pooled across hay ages).

INTRODUCTION

Traditional feeding practices for dairy replacement females in Puerto
Rico center around the heavy use of imported concentrate feeds and
milk-replacers. With rapidly increasing costs for transportation and
rising demands for feed grains, dairymen find that feed costs during
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the non-productive period of calfhood are becoming a high proportion of
the total cost of producing a lactating heifer.

Very little attention has been given to the use of well-managed grass
forages as a significant part of the calf diet. In the United States,
where milk and feed grains are periodically in surplus, the emphasis
has been on increased use of low-fiber diets and decreased use of
forages (14). At the same time, reports have shown that the young calf
makes efficient use of forage dry matter (DM) as young as 3 weeks of
age (5, 9).

There has been much research in Puerto Rico on the management of
tropical grass species for maximum yield of digestible nutrients (20).
One species which has shown promise in grazing studies (3) is stargrass
(Cynodon nlemfuensis variety nlemfuensis).

Stargrass is a stoloniferous perennial that is propagated vegetatively.
It is gaining popularity as a grazed forage for beef and dairy production
due to its ease of cultivation, high yield, and ability to recover under
the stress of grazing and harvest.

The objective of this investigation was to measure voluntary intake
and apparent digestibility of stargrass hay at two stages of growth in
Holstein bull calves of two ages.

PROCEDURE

This study was conducted at the University of Puerto Rico Agricul-
tural Experiment Substation at Gurabo, located 38 km south of San
Juan at lat. 18°16’ N. and long. 66°12’ W. at an approximate elevation
of 76 m.

Average yearly rainfall is 1.65 m, August and September being the
months of heaviest rainfall and February and March the months of
lightest rainfall. Average maximum temperature is 30° C, with an
average minimum temperature of 18” C.

Thirty- and 45-day stargrass hays were harvested by hand from a
single .28 ha plot. The soil was of the Mabi series. Fertilization was
applied at the rate of 2240 kg/ha/year of a 15-5-10 complete fertilizer
divided in four equal applications at quarterly intervals. Lime was
applied at the rate of 2240 kg/ha/year.

Height at all cuttings was approximately .05 m. Each cutting was
performed in the morning and collected in the afternoon. The grasses
were dried as a single batch under forced air (45° C) for approximately
20 h. The dried material was loosely piled for storage in an open-sided
barn.

Two groups of four Holstein bull calves, 16 and 24 weeks old, were
fed 30- and 45-day stargrass hays with a 22% crude protein (CP)
concentrate mixture in pens for 10 days prior to being placed in
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metabolism crates. Four groups resulted, each with two calves assigned:
1) 16-week calf/30-day hay (16-30); 2) 16-week calf/45-day hay (16-45);
3) 24-week calf/30-day hay (24-30); 4) 24-week calf/45-day hay (24-45).
Each trial was replicated twice, with calves assigned to the 30-day hay
in trial 1 switched to the 45-day hay in trial 2.

To prevent a protein deficiency, a soybean meal supplement—de-
hulled, solvent extracted, 56% crude protein—was fed according to

group:

Group Amount fed
) (glday)
16-30 225
16-45 450
24-30 450
24-45 900

Calves were fed and measurements were made twice daily over a 7-
day experimental period which followed a 10-day adjustment period.
The hay was fed in sufficient quantity to allow maximum opportunity
for selection and voluntary intake (VI). Daily grab samples were taken
and composited for analyses. Orts and feces were totally collected prior
to each feeding, sampled and composited for laboratory analyses.

DM was determined in forage and feces by direct oven-drying at 100°
C for 12 h. CP was determined as N x 6.25 by macro Kjeldahl digestion
and distillation using 4% boric acid as the receiving medium (1, 15).

Goering and Van Soest’s techniques (7) for cell-wall constituents or
neutral-detergent fiber (NDF), acid-detergent fiber (ADF), permanga-
nate lignin (L), cellulose (C), and silicon (Si) were employed. Hemicel-
lulose (H) was determined as the difference between NDF and ADF.

Data were statistically analyzed according to Snedecor and Cochran
(17). Significance among group means was obtained by the Scheffe’s
criterion (16).

RESULTS AND DISCUSSION

CHEMICAL COMPOSITION OF GRASS HAY

Chemical constituents of the two cuttings of stargrass hay are
presented in table 1. Despite uniform procedures in hay management
and harvest, the 45-day hay had a lower DM content (78.9%) than the
30-day hay (89.2%). As the entire yield of the .28-ha tract was dried in
one batch for each cutting, the greater mass of the 45-day hay most
likely reduced the hot-air circulation through the drier, thus lowering
the amount of moisture removed.

CP content declined 3.4% while NDF increased 1.5% between 30- and
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TaBLE 1. —Chemical composition (percentage) of stargrass hay

Hay age-days

Constituent — Percent change'
30 45
Dry matter 89.2 78.9 -11.5
Organic matter 90.6 90.6 0
Neutral-detergent fiber 70.9 72.4 %)
Crude protein 12.8 9.4 -26.6
Acid-detergent protein® 1.0 0.8 20.0
Acid-detergent fiber 40.2 41.6 3.5
Hemicellulose 30.7 30.8 .3
Cellulose 32.4 33.6 25
Permanganate lignin 5.3 5.5 3.8
Silica 2.6 2.5 -3.8
Acid-detergent ash 2.8 2.6 -7.1
(45 day — 30 day)
! % change = — “30day x 100

N in acid-de t fiber x 6.25
> % Acid detergent protein = (Yt aicki-detergent iber X 6.26) x 100
(Dry matter)

TaBLE 2. —Voluntary intake (glkg BW/day) of chemical constituents for two calf ages
and two hay ages of stargrass

Chemical constituents

Calf age Hay age

DM’ Ccp NDF OM ADF H 5

Weeks Days
16 30 18.0 2.5 12.6 16.3 7.0 5.5 5.9
45 18.4 1.9 134 16.5 7.5 5.6 6.1
24 30 23.1 3.0 16.3 20.8 9.1 42 7.4
45 18.5 1.9 13.3 16.6 7.5 5.6 6.1

' DM, dry matter; CP, crude protein; NDF, neutral-detergent fiber; OM, organic
matter; ADF, acid-detergent fiber; H, hemicellulose; C, cellulose.

45-day hays. There were only small increases in NDF, ADF, H, C, and
L, while Si and ash showed small declines.

The low ADF protein content in both hays indicates that the drying
process did not result in any significant heat damage (6).

VOLUNTARY INTAKE OF CHEMICAL CONSTITUENTS

For all chemical constituents, there were no significant differences
in rate of intake (g/kg BW/day) for the four groups. The trend was for
higher intake by the 24-30 group (table 2). For DM, NDF, OM, and
ADF intake in g/kg BW - 75/day, VI by the 24-30 group was significantly
greater (P < .05) than that of both the 16-30 and 16-45 groups, but not
significantly greater than the 24-45 group. Among the 16-week old
calves, there was higher intake by those consuming the 45-day hay
despite the higher nutritive value of the 30-day hay. The reason tended
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to be the greater variation in intake among the younger calves who,
previous to the experiment, were not exposed to a forage diet. Hodgson
(8) found a similar difficulty in obtaining a consistent response from
12-week old calves to addition and removal of rumen contents through
a fistula.

When the intake values were pooled across hay age and calf age
(table 3), the greater CP intake by calves consuming the 30-day hay
and that of DM and NDF consumed by 24-week old calves was
significant (P < .05). The significance of the CP intake is largely a
result of the wide difference between the two grass hays in CP content
(table 1). Mertens (12) evaluated intake data from 126 grasses and 61
legumes in cows, steers and sheep. He found that the NDF content in
grasses causes DM intake to be limited by reticulo-ruminal capacity as
opposed to metabolic limitations on energy intake when legumes, low

TaBLE 3. — Voluntary intake (glkg BW/day) of chemical constituents pooled across hay
and calf ages

Chemical constituents

Age
DM! CP NDF OM ADF H (6}
Hay (days)
30 20.6 2.8 a 14.4 18.5 8.1 6.4 6.6
45 18.4 19b 13.2 16.6 75 6.2 6.1
Calf (weeks)
16 18.2 a* 2.2 12.8 a 16.4 7.3 5.6 5.9
24 20.8 b 2.5 14.8b 18.7 8.3 6.5 6.8

' DM, dry matter; CP, crude protein; NDF, neutral-detergent fiber; OM, organic
matter; ADF, acid-detergent fiber; H, hemicellulose; C, cellulose.
2 Mean values in the same column with one or more letters in common do not differ

significantly at the 5% level.

in NDF, are consumed. Therefore, the greater DM and NDF intake by
24-week old calves was probably due to a greater reticulo-ruminal
capacity.

The intake values in table 3 are generally in the reported ranges.
Lonsdale et al. (11) fed 12-week old steers artificially dried and chopped
S-27 ryegrass (Lolium perenne) and reported an intake of 2.72 kg/100
kg BW. This compares with 30-day stargrass hay which was consumed
by the two-calf groups at 2.06 kg/100 kg BW when fed in the long form.
Consumption of both hays by the 24-week old calves was 2.08 kg/100
kg BW. The physical form of the tropical grass hay, long cut, as
compared to the chopped temperate grass hay would tend to lower
intake. The lower intake of the tropical grass is consistent with data
reported by Tessema (18), when orchardgrass was compared (Dactylis
glomerata) with guineagrass (Panicum maximum). This follows the
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theories of Van Soest (19) and Mertens (12), which propose that higher
NDF should result in lower intake.

APPARENT DIGESTIBILITY OF CHEMICAL CONSTITUENTS

Results for apparent digestibility of chemical constituents by calf
age-cutting age groups are presented in table 4. With the exception of
CP, there were no significant differences in apparent digestibility of
any constituent between the four groups. Between the two 24-week old
calf groups, there was a trend toward higher apparent digestibility
with 30-day hay intake. Except in the case of CP, the 16-week old
calves tended to digest the 45-day hay to a greater extent than the 30-
day hay, a relationship similar to that for intake in table 2. The
differences in apparent digestibility between the two hays for the 16-
week old calf groups may be due more to variation among animals
than to an age effect at harvest.

TABLE 4. —Apparent digestibility (percentage) of chemical constituents for two calf ages
and two hay ages of stargrass

Chemical constituents

Calf Hay
age age DM! CcP NDF OM ADF H C
Weeks  Days
16 30 60.1 58.6 ab? 65.0 61.8 55.4 77.6 67.8
45 60.5 41.3 a 66.4 62.7 58.3 78.9 70.6
24 30 66.3 67.0b 69.6 69.6 61.9 79.4 72.9
45 60.4 46.0 a 65.5 62.7 57.8 75.3 70.8

' DM, dry matter; CP, crude protein; NDF, neutral-detergent fiber; OM, organic
matter; ADF, acid-detergent fiber; H, hemicellulose; C, cellulose.

* Mean values in the same column with one or more letters in common do not differ
significantly at the 5% level.

Values for apparent digestibility of the chemical constituents of the
two hays were pooled across hay ages and across calf ages (table 5).
The 24-week old calves showed higher apparent digestibilities of all
chemical constituents except H. Chemical constituents of the 30-day
hays were digested to a greater extent than those of the 45-day hays.
The significance of the higher apparent CP digestibility by the 24-30
calves (table 4) and by calves consuming the 30-day hay (table 5) is
questionable due to the dilution effect of metabolic fecal nitrogen.

Reported values for apparent digestibility (2, 13, 18) of chemical
constituents for hay and artificially-dried grass vary widely. Sources of
variation within species of grass include species of experimental animal,
level of intake, method of preparation, cutting interval, and laboratory
method used for analysis. These factors are of questionable validity
when comparisons between reports are made. Nonetheless, the values
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from this study, 63.2% for the 30-day and 60.4% for the 45-day grass
hays, fall within the ranges reported. In Trinidad (2), Stargrass hay
prepared from regrowth cuttings of ages 3, 4, and 5 weeks had apparent
DM digestibilities of 63.2, 63.7 and 60.9%, respectively, when fed to
wethers.

In Puerto Rico, Oporta-Téllez (13) compared NDF digestibilities from
30-, 45-, and 60-day guinea- and merker- (Pennisetum purpureum)
grass hays in sheep, goats, and steers. NDF digestibilities in steers fed
guineagrass hays were 61.2, 57.7, and 59.7%, with an average across
hays of 59.5%. The corresponding values for merkergrass hays were
60.3, 60.2, and 58.2% and averaged 59.6% across hays. Oporta-Téllez’s
(13) values were all lower than the NDF apparent digestibilities in this
study (67.3% for 30-day and 65.9% for 45-day hays). On the other hand,
Oporta-Téllez (13) restricted intake by feeding 90% of the level of VI

TaBLE 5. —Apparent digestibility (percentage) of chemical constituents pooled across hay
and calf ages

Chemical constituents

Age

DM! CP NDF OM ADF H C
Hay (days)
30 63.2 62.8 a* 67.3 65.7 58.7 78.5 70.3
45 60.4 43.6 b 65.9 62.7 58.0 76.6 70.7
Calf (weeks)
16 60.3 49.9 65.7 62.2 56.9 1.7 69.2
24 63.3 56.5 67.5 66.1 59.8 77.3 71.9

' DM, dry matter; CP, crude protein; NDF, neutral-detergent fiber; OM, organic
matter; ADF, acid-detergent fiber; H, hemicellulose; C, cellulose.

* Mean values in the same column with one or more letters in common do not differ
significantly at the 5% level.

determined in a preliminary period. Presumably this forced the experi-
mental animals to consume material that they would have avoided, if
they had been allowed to select freely with a higher level of feeding
(10, 18). Also, Oporta-Téllez’s (13) forages were sun-dried, therefore
possibly somewhat lower in quality (4, 21).

Despite the higher consumption of both hays by the 24-week calves,
this study indicates that artificially dried stargrass hay can make a
significant contribution to the nutrition of Holstein calves as early as
16-weeks of age. Since the results of this study show no significant
difference between the 30- and 45-day hays as to intake and apparent
digestibility, the depression in forage quality (decreased CP and in-
creased NDF and ADF over the 15-day interval) is not enough to
warrant cutting at more frequent intervals. The higher yields expected
from the 45-day cutting interval (20) and the lower costs involved (8 vs.



436 JOURNAL OF AGRICULTURE OF UNIVERSITY OF PUERTO RICO

12 cuttings per year) would make highly preferable the longer cutting
interval.

RESUMEN

El consumo voluntario y la digestibilidad aparente de henos de yerba Estrella
(Cynodon nlemfuensis variedad nlemfuensis) se evaluaron alimentando becerros de la
raza Holstein. Ocho becerros entre 16 y 24 semanas de edad se alimentaron con henos
de yerbas de 30 y 45 dias de edad. Se efectuaron determinaciones quimico-analiticas de
materia seca y de proteina bruta por el método de la AOAC y de las fracciones fibrosas
por el método de Goering y Van Soest en las muestras de henos y de heces.

No se obtuvieron diferencias significativas entre promedios de consumo voluntario
de las fracciones quimicas en los 4 grupos. Sin embargo, la tendencia fue para un
mayor consumo por el grupo de becerros de 24 semanas de edad consumiendo henos de
30 dias (grupo 24-30) que para los otros 3 grupos. Entre los becerros de 16 semanas de
edad hubo un consumo voluntario mayor para el heno de 45 dias, aunque el valor
nutritivo del heno de 30 dias fue superior.

Independientemente de la edad de los becerros, el consumo voluntario de los
constituyentes quimicos del heno de 30 dias fue mayor que el del heno de 45 dias,
aunque solo el de proteina bruta fue significativo (P < .05). Independientemente de la
edad de los henos, el consumo voluntario de los becerros de 24 semanas fue significati-
vamente (P < .05) mayor que el de los becerros de 16 semanas para materia seca y fibra
neutrodetergente solamente. Esto indica que el consumo de heno esta relacionado con
la capacidad reticulo-ruminal.

Las diferencias en digestibilidad aparente en el grupo 24-30 fueron significativas (P
< .05) sélo para proteina bruta, presentando un coeficiente de digestibilidad mayor que
en los grupos 16-45 y 24-45. La digestibilidad de la proteina bruta del heno de 30 dias
fue significativamente (P < .05) mayor que la del de 45 dias. Adnque no fueron
significativos para todas las fracciones, la digestibilidad fue mayor en el heno de 30
dias que en el de 45 dias y en los becerros de 24 semanas que en los de 16 semanas.
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