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ABSTRACT 

Two total mixed rations (TMR) were compared; both contained 20% 
ground hay, of either Johnson grass (J) or pajon and star grass (PS); both in
cluded 20% coarsely chopped PS hay and 60% concentrates; and both were 
analyzed to be about 13% crude protein. Treatments I and II consisted of 
TMR-J without and with addition of 1.5 kg per head daily of long PS hay; III 
and IV, of TMR-PS without and with said addition, respectively ( 2 x 2 facto
rial). Feed was offered between evening and morning milkings only. Ten 
adult Holstein cows grouped 2 x 2 and 2 x 3 were used in a 4 x 4 Latin 
square experiment with 2-wk comparison periods. No significant interac
tions of treatment factors were found. Comparing the effects of TMR-J vs. 
TMR-PS and no long hay vs. long hay addition, means were: daily dry matter 
intake (DMI), 19.89 vs. 19.65 and 19.17 vs. 19.77 kg; daily milk production, 
18.46 vs. 18.89 and 18.48 vs. 18.87 kg; milk fat percentage, 2.64 vs. 2.71 and 
2.60 vs. 2.76; feed efficiency (4% fat-corrected milk/DMI), 0.736 vs. 0.777 and 
0.741 vs. 0.772, respectively. Thus, long hay addition increased milk fat con
tent by 0.16%, and TMR-PS exceeded TMR-J in efficiency by 0.041 (P<0.05). 
General mean rectal temperature (RT), shortly past noon, was 39.8° ± 0.3°C 
(standard deviation, SD); liveweight (LW) mean, 590 ± 43 kg (SD). Milk yield 
and RT were unrelated. In conclusion, J hay gave satisfactory results in the 
TMR; long hay addition improved milk fat content; and limiting feeding to 
the cooler hours helped mitigate animal hyperthermia. 
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RESUMEN 

Heno molido de gramínea Johnson y adición de heno largo en raciones 
completamente mezcladas para vacas lecheras 

Se compararon dos raciones completamente mezcladas (TMR), que in
cluyeron 20% de heno molido, ya sea de gramínea Johnson (J) o de pajón y 
estrella (PS); ambas raciones incluyeron 20% de heno PS picado grueso y 
60% de concentrados, con un contenido aproximado de 13% de proteína 
bruta. Los tratamientos I y II consistieron de TMR-J sin y con la adición de 
1.5 kg por cabeza de heno PS largo; HI y IV consistieron de TMR-PS sin y 
con dicha adición, respectivamente ( 2 x 2 factorial). Se ofreció el alimento 
solamente durante el intervalo entre el ordeño vespertino y el matutino. Par
ticiparon 10 vacas Holstein adultas, confinadas en dos grupos de tres vacas 
y dos grupos de dos vacas, en un experimento de diseño cuadrado latino 4 
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x 4, con períodos comparativos de dos semanas. No se detectó ninguna in
teracción significativa entre factores de tratamientos. Las medias compara
tivas de ios efectos de TMR-J contra TMR-PS, y ia no adición contra la 
adición de heno iargo fueron: ingestión diaria de materia seca (DM!), 19.89 
vs. 19.65 y 19.76 vs. 19.77 kg; producción diaria de leche, 18.46 vs. 18,89 y 
18.48 vs. 18,87 kg; porcentaje de grasa láctea, 2.64 vs. 2.71 y 2.60 vs. 2.76; 
eficiencia alimentaría {leche corregida a 4% grasa/DMi), 0.736 vs. 0.777 y 
0.741 vs. 0,772, respectivamente. La adición de heno iargo aumentó el con
tenido de grasa por 0.16%, mientras TMR-PS superó a TMR-J en eficiencia 
por 0.041 (P < 0.05). La media genera! de temperatura rectal (RT), poco des
pués de mediodía, fue 39.8 ± 0.3°C (desviación estándard, DE) y la de peso 
vivo, 590 ± 43 kg (DE). No hubo relación entre la producción de !eche y ia 
RT. Se concluye que el heno de gramínea johnson resultó satisfactorio en 
lasTMR, que la adición de heno largo incentivó el porcentaje de grasa láctea 
y que la alimentación limitada a las horas de ambiente fresco ayudó a miti
gar la hipertermia animal. 

INTRODUCTION 

Management of dairy cows in semi-confinement is becoming com
mon in Puerto Rico, and commercial bulky concentrate feeds are used 
with many semi-confined herds. The more intensive system of complete 
confinement of animals and feeding a total mixed ration (TMR) has 
been adopted by only a few local dairy farmers so far, but represents a 
likely future trend. 

In previous experiments at the Lajas Substation, TMR usually con
taining 40% grass hay, in various physical forms, and 60% 
concentrates, were tested (Randel, 1995; 1993; 1991). Rations of this 
type permit achieving high levels of dry matter intake (DMI) and suffi
cient energy input to enable cows with the potential to produce at least 
20 kg of milk per day to realize that potential. However, the resulting 
milk fat percentage tends to be marginal. In an attempt to eorrect the 
low milk fat problem, some local operators with herds in semi confine
ment place long hay in the manger beneath concentrates or other 
highly palatable feeds, to increase the intake of ruminally effective fi
ber. Evaluating this alternative under controlled conditions was one 
objective of the present study. 

In previous experimentation only hays made from low-growing, 
fine-stemmed forages, such as stargrass (Cynodon nlemfluensis), which 
offer the advantage of easy field curing, were used. However, in the 
Lajas area, stands of stargrass managed for hay production without ir
rigation are usually invaded and dominated by other species, especially 
pajon-grass (Dichantium annulatum) within a few years. The latter is 
very competitive, but not a high yielder of herbage mass. A possible al
ternative is johnson grass (Sorghum halapense). This tall-growing, 
robustly rhizomatous perennial is extremely aggressive in fallow 
yields, often establishing nearly pure volunteer stands. Although re-
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garded as one of the most noxious weeds in many countries, it can give 
high yields of good quality hay if fertilized and cut at the proper stage 
(Spooner et al., 1971). A second objective of this study was to test 
ground Johnson grass (J) hay as a component of TMR. Ground hay per 
se is not in a physical form that constitutes ruminally effective fiber, yet 
when finely ground fibrous material is fed together with sufficient 
coarse fiber to form a floating mat in the rumen, the finer material be
comes occluded and in this condition contributes to the total effective 
fiber. Furthermore, because of the cellulosic nature and slow fermenta
tion of ground hay, its presence helps to counter-balance the high-
starch ingredients, thus avoiding extreme peaks of organic acid produc
tion; it also contributes to the buffering capacity of the rumen contents 
(Van Soest, 1994). 

In previous studies with cows fed TMR in confinement, thermal 
stress appeared to be reduced by limiting feeding to the cooler after
noon and nightime hours, while letting the animals rest under shade 
during hotter hours. A third objective of the present work was to com
pare the degree of hyperthermia, as measured by rectal temperature 
(RT) in the experimental cows with that of control animals subjected to 
a different diurnal feeding pattern. 

MATERIALS AND METHODS 

Ten adult Holstein cows were used, one of which was in second lac
tation and the rest in third or later; the mean number was 3.9 
lactations. A 9-day preliminary period was followed by the four 2-wk 
comparison periods of a 4 x 4 Latin square experiment, balanced for 
treatment sequences, during July, August and early September 1991. 
As of the first day of comparison period 1 (13 July), the mean interval 
postpartum was 108 ± 46 days (standard deviation, SD). The cows were 
confined to their respective pens in two groups of three, and two groups 
of two, from after milking at about 3:00 p.m. until roughly 5:30 a.m., 
and consumed feed during this time only. The four pens were paved, lo
cated under a saran shade, and provided with a covered feed bunk and 
watering through. During the daytime hours between milkings, the 
cows were maintained in an unpaved lot, with a saran-shaded area ad
equate to accommodate 10 animals. Water only was available in the 
rest area. 

Two TMR were tested, both of the same formula (Table 1), which in
cluded 20% of ground hay (hammer milled), but differing in the source 
of hay in this form, i.e., either Johnson grass (J), harvested from volun
teer stands; or pajon and star grasses (PS), harvested at the Lajas 
Substation or purchased from local producers. Both formulas also in-


