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ABSTRACT 

Forty-eight Holstein cows were alternately assigned to one of the two fol
lowing treatments: (T1) A stocking rate of 2.5 cows/ha on grass pastures fer
tilized with 2,270 kg (15-5-10)/ha/yr, plus 1 kg of concentrate/2.15 kg of milk 
above 10 kg/d; (T2) A stocking rate of 3.125 cows/ha on pastures fertilized 
with 1,700 kg/yr, plus 1 kg of concentrate/2 kg of milk. Through 180 days 
post-partum, cows in T1 produced more milk (17.1 vs. 14.3 kg/d; P < 0.01) 
and more 4% fat-corrected-milk (FCM; 14.8 vs. 12.9 kg/d; P < 0.02) than inT2, 
in spite of consuming only about half (3.8 vs. 7.4 kg/d) as much concentrate. 
Body weight losses were extensive, more so for cows in T2 at both 30 (4.9 
vs. 6.8%; P < 0.03) and 90 days post-partum (6.4 vs. 9.6% of calving weight; 
P < 0.05). Feed and land costs per unit of milk produced were greater for T2 
than for T1 (22.7 vs. 18.7 cents/kg). However, milk yield and income over 
feed and land costs per hectare grazed were greater forT2; therefore, sys
tem T2 represents a better alternative for intensive utilization of limited pas
ture resources. 
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RESUMEN 

Dos sistemas para la alimentación de vacas lecheras pastoreando 
gramíneas fertilizadas intensivamente 

Cuarentiocho vacas Holstein en lactación se asignaron a uno de los si
guientes tratamientos: (T1) Pastoreo a base de 2,5 vacas/ha en pastos ferti
lizados con 2,270 kg (15-5-10)/ha/a ño en cuatro aplicaciones, más 1 kg de 
concentrado/2.15 kg de leche después de los 10 kg/día; (T2) Pastoreo a 
base de 3.125 vacas/ha en pastos abonados con 1,700 kg/año en tres aplica
ciones, más suplementación con 1 kg de concentrado/2 kg de leche produ
cida. Durante los primeros 180 días de lactación las vacas enT1 produjeron 
más ¡eche (17.1 vs. 14.3 kg/día; P < 0.01) y leche corregida al 4% de grasa 
(14.8 vs. 12.9 kg/día; P < 0.02) que las vacas del T2, aún cuando consumie
ron aproximadamente la mitad (3.8 vs. 7.4 kg/día) del concentrado consu
mido por las del T2. No se observaron diferencias en el porcentaje de grasa 
y proteína en la leche producida. La pérdida de peso posparto fue grande y 
prolongada, siendo mayor a los 30 días (4.9 vs. 6.8%; P < 0.03) y 90 días (6.4 
y 9.6% del peso de parto; P < 0.05) en las vacas del T2. El costo por concen
trado y área de pastoreo por unidad de leche producida fue menor en el T1 
(22.7 vs. 18.7 centavos/kg). Sin embargo, la producción de leche fue 23% 
mayor y el ingreso sobre e! costo de alimento y costo del terreno 18% ma
yor cuando éstos se consideraron por hectárea de pasto. El sistema T2 pa-
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rece ser más adecuado para la utilización intensiva de recursos limitados 
de tierra para pastorear vacas lecheras. 

INTRODUCTION 

Heavily fertilized tropical pastures as the only feed for dairy cows, 
stocked at the rate of 2.5 cows/ha, have been known to support milk 
productions of over 3,175 kg/cow in the interior highlands of Puerto 
Rico (Caro-Costas and Vicente-Chandler, 1969; Yazman et ah, 1982). At 
this stocking rate cows were allowed to maximize consumption of pas
ture dry matter (DM) and graze selectively the most nutritive parts of 
the grass (i.e., leaves). Under such a system, pastures received up to 
2,275 kg/ha of 15-5-10 fertilizer in four applications per year. Soto-
mayor et al. (1974) found that by applying annually 1,815 kg of 
fertilizer (15-5-10) per hectare, cattle harvested about 5,262 kg of dry 
forage compared with 7,348 kg when fertilizer level was increased to 
4,535 kg/ha. Vicente-Chandler et al. (1974) reported that applying a to
tal of 2,270 kg/ha of 15-5-10 fertilizer in four annual applications 
economically produced the highest yields of forage. 

Heavily fertilized forage (2,270 kg/ha/year of 15-5-10), from pas
tures stocked at 2.5 cows/ha, is of sufficiently high quality to support up 
to 15.4 kg of milk/day when fed to mature dairy cows (Caro-Costas and 
Vicente-Chandler, 1969). In vitro DM digestibilities of tropical pastures 
(mostly leaves) fertilized with ammonium nitrate (350 kg/ha) have 
been reported at 70% when harvested at 30 day intervals (Moore and 
Mott, 1973). Under optimal climatic and nutritional conditions imma
ture tropical forages can, in fact, achieve good digestibility. However, a 
pasture diet will require supplemental energy and in some cases crude 
protein (CP) to allow for maximum milk production (Caro-Costas et al., 
1972; McDowell et a l , 1975; Yazman et a l , 1979; 1982). These addi
tional nutrients can be provided by supplementing with low to 
moderate levels of dairy concentrates. By maintaining concentrate sup
plementation at a low level, extensive substitution of pasture DM will 
be avoided; thus, the total cost of the diet is reduced (McDowell et al., 
1975). 

For years the Agricultural Experiment Station (AES) has been rec
ommending a feeding system for dairy cows based on high fertilization, 
low grazing pressure and low concentrate supplementation; however, 
these recommendations have not been implemented by dairy farmers 
in Puerto Rico. To maximize milk production, dairy farmers have tradi
tionally relied heavily on imported concentrates to feed their lactating 
cows. Many have failed to realize the nutritive contribution of forages 
to the diet. Thus, the objective of this trial was to compare, in terms of 
milk yield and feed costs, a system typical of well managed local com-
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mercial dah'y farms with a system similar to what has been 
recommended by the AES. 

MATERIALS AND METHODS 

The trial was conducted at the Gurabo Substation of the Agricul
tural Experiment Station, located in eastern Puerto Rico, 15 km from 
the coast and 115 m above sea level. Data were collected from 17 March 
to 29 December 1985. Mean environmental temperature fluctuated 
from a daily maximum of 30° C to a minimum of 19° C. Rainfall aver
aged 19.45 cm per month, with a low of 5.97 and a high of 47.60 cm. 

Forty-eight primiparous and multiparous Holstein cows were as
signed alternatively, at calving, to one of the following two treatments: 
1) A stocking rate of 2.5 cows/ha in pastures, fertilized with 2,270 kg/ 
ha of 15-5-10 in four applications per year; plus supplementation with 
a commercial dairy concentrate of 16% CP at a minimum level of 1.8 kg/ 
d/cow up to 10 kg of milk, and an additional 1 kg for each 2.15 kg of milk 
produced thereafter; 2) A stocking rate of 3.125 cows/ha in pastures fer*-
tilized with 1,700 kg of 15-5-10 analysis in three applications per year, 
plus 16% CP concentrate offered at the rate of 1 kg per 2.0 kg of milk 
produced irrespective of level of production. 

Pasture lots were measured before their assignment to experimen
tal treatments. For treatment 1 (Tl), six paddocks totaling 9.6 ha were 
rotationally grazed, according to forage availability, resulting in an av
erage grazing interval of 30 days. Treatment 2 (T2) utilized four 
paddocks totaling 7.6 ha rotationally grazed, on the average, every 24 
days. Botanical composition of the swards consisted of a mixture in 
which Cynodon nletnfuensis (star), Bracharia purpurascens (para) and 
Panicum. maximum (guinea) were the predominant species. Through
out the trial every lot was sampled before grazing, at 15 to 20 
representative locations, depending on the paddock area. Subsampling 
locations were randomly selected following a pattern that covered the 
entire area. Samples were cut at a height of 10 to 15 cm from the 
ground, depending on the type of grass predominating in the area. All 
samples were analyzed for CP and DM, and those taken from July to 
December 1985 were also analyzed for fiber fractions (Goering and Van 
Soest, 1970). 

Data were collected during the first 180 days postpartum. Of the 48 
experimental cows, 18 were primiparous and six multiparous inTl and 
17 primiparous and seven multiparous in T2. Calving dates of cows en
compassed from 18 March to 27 June 1985. Milk weights were recorded 
daily for each cow. Combined am/pm milk samples were collected indi
vidually once a month and analyzed for milk fat and milk protein at the 
Puerto Rico Dairy Herd Improvement Association (PR DHIA) labora-
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tory. During the first 10 days postpartum, cows in both treatments 
received either a minimum of 9 kg of concentrate or their allowance as 
calculated above, if the latter exceeded 9 kg daily. Thereafter, concen
trate allowances were recalculated every 10 days. 

Individual reproductive records were kept throughout the experi
ment. Heat detection was confined to the period of cow movement 
before and after milking and casual observation between milkings. 
Health and breeding efficiency were followed closely through weekly 
veterinary examination and treatment as necessary. Experimental 
cows were weighed the day of parturition, again at the end of their calv
ing month, and at 15 day-intervals thereafter. 

Milk production data were adjusted to a mature equivalent basis 
with factors specific to Puerto Rico (Camoens et al., 1976). This adjust
ment for age and month of calving was applied to records of milk and 
4% fat-corrected milk (FCM) yields. Fat corrected milk was determined 
by the formula 0.4 x (kg of milk) + 15 x (kg of fat). After adjustments for 
age and month of calving, a one-way analysis of variance (Steel and 
Torrie, 1980) was considered appropriate for determining treatment ef
fects. The model used to analyze the data was the following: 

Yu = M + a> + % 
where Yr = response variable for cow j within system i. 

u = mean of response variable. 
a. = effect of system i. 
fi.(.j = effect of cow j within system i, residual. 

RESULTS AMD DISCUSSION 

Forage analysis 

Crude protein contents of the available pasture forage remained rel
atively constant from April to September, but increased sharply from 
October to December (Figure 1). These findings agree with those re
ported by Soldevila et al. (1979; 1980) with several grass species. Crude 
protein of mixed grass samples ranged from summer lows of about 8.1% 
to highs in fall of about 21.9% (Table 1), with levels during the summer 
months usually greater in Tl . These data suggest that grass swards of 
this type differ less in percentage composition than total protein pro
duced per unit area. 

Concentration of acid detergent fiber (ADF) and neutral detergent 
fiber (NDF) of pasture samples were similar between treatments (Table 
1). Surprisingly, NDF concentration did not appear to change with sea
son from July to December; however, ADF and lignin concentrations 
were approximately 18 and 40% lower, respectively, and hemicellulose 
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1 + 
FIGURE 1. Crude protein concentration of forage samples collected prior to grazing. 

35% higher in December. These reductions suggest forage of higher di
gestibility as was indicated by an increase in predicted in vitro true 
digestibility (IVTD) of forage harvested in December. Since NDF frac
tion of forages did not change appreciably with time (69.7 in July to 
September vs. 70.7% in October to December), most of the increase in 
estimated DM digestibility can be attributed to an expected increase in 
digestibility of NDF. 

Overall, pasture forage in Tl had almost 5% lower digestibility, as 
predicted from chemical composition of forages, despite the fact that 
paddocks in Tl received greater amounts of fertilizer. A possible expla
nation for this difference could be the harvest interval. Pastures in T l 
were grazed, on the average, every 30 days, compared to every 24 days 
in T2. 

Breeding efficiency 

About one third of the experimental cows were pregnant by 180 
days postpartum, 33% in Tl and 29.1% in T2; the number of services 
per cow by the end of the trial was 2.3 and 2.8, respectively. Services per 
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TABLE 1.—Chemical composition of mixed grass from pastures in treatment 1 (Tl) and 
treatment 2 (T2) sampled from July to December 1985. (Percentage) 

Crude protein (CP) 
Neutral detergent 

solubles' 
NDF 
ADP 
Hemicellulo.se1 

Cellulose' (C) 
Lignin (L) 
Silica (Si) 
EST. IVTD-

Tl 

Range 

8.7-21.2 

25.5-37.4 
66.4-74.1 
30.0-42.7 
20.6-42.8 
23.3-30.7 
4.8-13.4 
1.3-5.2 

50.2-75.6 

Mean 

13.5 

29.2 
70.3 
36.6 
33.0 
26.3 
7.7 
3.0 

65.2 

T2 

Range 

8.1-21.9 

25.1-38.5 
66.5-74.9 
28.7-44.2 
17.3-43.3 
21.6-30.1 

4.5-11.8 
0.6-4.8 

54.6-76.0 

Mean 

13.3 

29.6 
70.4 
36.1 
34.3 
25.9 
7.2 
2.0 

69.9 

'Estimated by difference. 
2In vitro true digestibility = 96.84 + 0.62(CP) - 0.51(C) - 2.59(L) - 2.34(Si) (Coward-

Lord e tal., 1974). 

conception and days open of cows pregnant by 180 days were 1.37 and 
79.5 for Tl , and 2.85 and 131.3 for T2, respectively. Days to first service 
were 73.7 for Tl and 73.3 for T2. In general, there was some evidence 
of better reproductive efficiency in Tl. These results must be evaluated 
within the context of the small number of observations involved. How
ever, the results from other studies (Caro-Costas et ah, 1972; McDowell 
et al., 1975; Yazman et al., 1979; 1982) have also suggested that cows 
grazed at high stocking rates and heavily supplemented with concen
trates under similar management conditions, required more services 
per conception, remained open longer and had longer calving intervals 
than cows grazed at low stocking rates and fed lower amounts of 
concentrates. 

Milk production 

During the first 180 days of lactation, cows in Tl produced over 19% 
more milk (P < 0.01) and almost 14% more FCM (P < 0.03) than those 
in T2 (Table 2). Approximately 56% of the difference in total corrected 
milk yield between treatments was accounted for by day 60 of lactation 
(Figure 2). Peak daily milk production was 21.9 and 20.6 kg/d for cows 
in Tl and T2, respectively. Milk production peaked after a mean post
partum interval of 30 days in both treatments. Later peaks, between 30 
and 50 days postpartum, were observed by Yazman et al. (1979; 1982). 

http://Hemicellulo.se1
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TABLE 2.—Least-square means for milk and FCM production, adjusted' for age and 
month of calving, and milk composition of cows in treatment 1 (TV and 
treatment 2 (T2) through 180 days postpartum. 

Milk Production-
Mean (kg/d) 
Tota! (kg) 

Fat corrected milk11 

Mean {kg/d} 
Total (kg) 

Milkfat(%) 
Milk protein (%) 
Partial feed efficiency*--1 

Tl 

17.1 

3087 

14.8 

2672 

3.28 
2.92 

4.29 

T2 

13.4 
2582 

12.9 
2319 

3.24 
2.98 

1.73 

se 

0.57 

103.3 

0.55 
99.3 

0.06 

0.03 
0.14 

'Camoens et al., 1976. 
2MeanofTl>T2(P<0.01). 
•'Mean of Tl > T2 (P < 0.02). 
•'Efficiency - kg of FCM/kg of concentrate. 

The results in this study differ from those of Yazman et al. (1979; 
1982), who reported that supplementation of concentrate, at the rate of 
1 kg per 2 kg of milk, increased production over that obtained with 
supplementation after the 10th kg of milk. Caro-Costas and Vicente-
Chandler (1969) studied effects of concentrate supplementation at the 
rates of 1 kg per 2.15, 4.30, 6.45 and 8.60 kg of milk produced, using a 
stocking rate of 2.5 cows per hectare of pasture fertilized with 2,270 kg 
of 15-5-10/ha/yr. These authors reported greater milk production at the 
three highest levels of concentrate supplementation; even though milk 
production was similar, there was a large difference in amounts of con
centrate fed among the three levels. Similarly, in the present trial, cows 
in Tl produced more milk in spite of consuming only about half as 
much concentrate (3.8 vs. 7.4 kg/d) as those in T2. Presumably cows in 
Tl, which grazed a greater area of pasture fertilized at a higher level, 
consumed substantially more pasture DM to compensate for lower con
centrate intake. As a result of lower intake of concentrate and higher 
milk yield, cows in Tl had greater (P < 0.01) efficiency of concentrate 
utilization for production of FCM (Table 2). 

Production of dairy cows in this trial can be considered low for cows 
in their first 180 days of lactation. However, environmental stress (tem
perature, humidity and solar energy) has a negative effect on intake of 
forage DM in cows grazing tropical pastures. Way man et al. (1962), 
have reported that dairy cows exposed to ambient temperatures above 
27° C for more than six hours reduced total DMI by 12%, whereas at 
30° C the reduction can be as high as 50%. In addition, during heat 
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11 1 2 1 3 1 4 1 5 1 6 1 7 1 8 

FIGURE 2. Average 10-day milk production of ex peri mental cows during the first 180 
days of lactation of each cow, and based on actual milk corrected for age and month oí 
calving. 

stress the efficiency of utilization of dietary energy for milk energy can 
be reduced 30 to 50% (McDowell, 1985). During this trial the net effect 
on forage intake of the management employed, in both treatments, was 
negative. 

No significant difference was detected between treatments in per
centage milk fat or milk protein (Table 2), Both treatments appeared to 
have supplied adequate amounts of ruminally effective fiber to main
tain milk fat percentage at the levels typical of this herd. These results 
are consistent with those of Yazman et al. (1979; 1982), who showed 
that milk fat was maintained at a normal level in spite of higher con
centrate supplementation when enough quality forage was supplied in 
the diet. 

Body weight (BW) change 

At calving, cows in T l and T2 averaged 463.4 and 491.5 kg BW, re
spectively. Cows in both systems lost weight during the first 30 days 
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postpartum (Table 3). Although cows in T2 remained heavier than 
those in Tl throughout the trial, BW loss at 30 days postpartum was 
greater (P < 0.03) for cows in T2 (6.8 vs. 4.9% of calving weight). From 
30 to 60 d postpartum and from 60 to 90 d, weight losses in both 
treatments were minimal. However, at 90 d postpartum total body 
weight loss was greater for cows in T2 (6.4 vs. 9.6% of calving weight; 
P < 0.05). On average, cows in T2 were not gaining weight by 180 d 
postpartum and those i nT l began gaining weight only after 165 days. 

It is recommended that in order to maximize milk yield and improve 
reproductive efficiency, the length of the period of weight loss during 
early lactation should be minimized (Moe et ah, 1971). In the present 
study the period of weight loss was much longer than optimal (National 
Research Council, 1978). Most of the cows appeared to have been in 
negative energy balance for at least 100 days postpartum and were still 
not gaining weight by 180 days postpartum. Visual observation of the 
body condition of experimental cows substantiated this fact. 

Since all of the pelleted concentrate offered was consumed, it seems 
reasonable to assume that failure to regain BW was largely due to in
sufficient DMI from grass to meet requirements, that maintenance 
requirements were increased by the long walks to the distant paddocks, 
or both. Thus, under conditions of stress, such as those in the present 
trial, grazing does not maximize DMI. The possibility that other forage 
feeding systems could improve DMI over that obtained with grazing 
should be investigated. 

Economic analysis 

Cows in Tl seemed to adjust better during early lactation, in terms 
of BW loss and milk production, despite receiving substantially lower 

TABLE 3,—Least square means of body weight (BW) changes of cows as affected by 
experimental treatments during the first 90 days postpartum. 

BW loss at 30 d postpartum1 

BW loss from 30 to 60 d postpartum 
BW loss at 60 á postpartum 
BW loss from 60 to 90 d postpartum 
BW loss at 90 d postpartum2 

Tl 

22.7 
3.5 

26.3 
3.5 

29.8 

T2 

37.7 
3.4 

41.1 
6.1 

47.2 

se 

4.4 
4.0 
5.4 
3.2 
6.0 

•Mean of Tl < T2 (P < 0.03), 
«Mean ofTl<T2(P< 0.05). 
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levels of concentrate supplementation. Fur thermore , considering t h e 
high cost of imported dairy concentrates, the large difference in concen
t r a t e consumption would pr ima facie make T l seem economically more 
desirable. However, other factors m u s t be considered. At t h e t ime of 
this t r ial (1985), the price for fertilizer (15-5-10) was $204/m ton and for 
a 16% CP commercial concentrate was $27.54/100 kg. The cost of main
ta ining a n d operat ing a tractor to fertilize and mow the pas tu res was 
calculated on the basis of renta l fee or approximately $15 per hour. 
Costs assigned to land under grazing were calculated as 10% (assumed 
interes t ra te) of the m a r k e t value of the land ($7,500/ha). The average 
price received for milk sold during the experiment was $0.50 per kg. 

At these prices, income over feed and land cost was $0.76/cow/d 
higher for T l (Table 4). Cows in T l produced $136.80/cow more milk in
come over feed and land cost t han cows in T2 during the first 180 days 
of lactation. The economic data also suggested a higher cost per uni t of 
milk produced in T2 (22.7 vs. 18.1 cents/kg milk). 

However, when considering milk production pe r u n i t of pas tu re land 
area utilized for grazing, T2 cows produced 23% more milk per ha than 
cows in T l (Table 5). This t ransla tes into $378.00 more income after 
feed and land costs over the first 180 days of lactation per hectare of 
land grazed. If we consider t h a t in Puer to Rico the average dairy 
farmer utilizes approximately 0.4 ha of pas tu re land per milking cow, 
and the limiting factor for expansion on most farms is lack of land, T2 
seems a more efficient system, in economic te rms , for local farmers. A 
system similar to T2 seems better suited for intensive utilization of lim
ited pas ture resources of the typical dairy farm in Puerto Rico.. 

TABLE 4.—Estimated income over feed and land costs for treatment 1 (Tl) and treatment 
2 (T2), calculated on the basis of cow per day. 

TI T2 

Gross income1 

Concentrate feed cost 
Pasture maintenance and fertilization3 

Fertilizer cost 
Land cost3 

Income over feed and land costs 
aBased on income from actual milk production. 
2Based on 3 h of tractor use ($15.00/h) for clipping and 50 min for fertilization of a 

hectare of land. 
8Assuming market value of an hectare of land is $7,500, and based on a 10% interest 

rate. 

dollars/cow/d 

7.36 
1.04 
0,29 
0.51 
0.82 
4.70 

7.24 
2.03 
0.24 
0.38 
0.65 
3.94 



dollars/ha/d • 

36.70 
18.40 
2.60 
0.75 
1.27 
2.05 

11.73 

45.20 
22.62 

5.07 
0.72 
0.95 
2.05 

13.83 
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TABLE 5.—Estimated income over feed and land costs for treatment 1 (Tl) and treatment 
2 (T2), based on income per hectare of pasture. 

TI T2 

Milk production1 (kg/ha/d) 
Value of milk produced 
Concentrate cost 
Pasture maintenance and fertilization cost 
Fertilizer cost 
Land cost 
Income over land and feed costs 

••Actual milk production. 
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