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Three concentrations of P (0.33, 0.43 and 0.54%) and two concentrations of Ca (0.60 and 0.97%) in 
ration dry matter were evaluated for effects on dry matter intake and on milk yield and composition 
using 24 Holstein cows. Cows were arranged in a 3x2 factorial experiment as an incomplete random­
ized block design with three 28-day periods. Each cow consumed at least one ration with each 
concentration of Ca. Dry matter intake, - yield of 3.5% Fat Corrected Milk, and milk composition 
were not affected by concentration of P, but milk yield was greater when lowest concentration of 
P was fed (22.8 vs. 22.1 kg/day; p<0.07). Cows fed rations containing 0.60% Ca had greater milk 
(22.7 vs. 21.9 kg/day; p<0.02) and 3.5% Fat Corrected Milk yields (p<0.03) and slightly greater 
protein content than when, fed 0.97% Ca. Dietary Ca:P ratios between 1.1:1 and 2.9:1 had no effect 
on dry matter intake, milk yield, or composition. Concentrations of P in plasma were within the 
normal range for all rations. Because cows had high dry matter intake, mean daily intakes of both 
P and Ca were greater than required for their level of milk yield.
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Introduction

For optimal milk yields, animal health, and 
reproductive performance, feeding programs for 
dairy cattle must provide sufficient nutrients. Also, 
they should minimize, as much as possible, 
excretion of nutrients that could contribute to 
environmental degradation. Few researchers have 
evaluated the effects of concentrations of dietary 
Ca and P on milk yields of lactating cows 
(Carstairs et al., 1981; Kincaid et al., 1981; 
Roussel et al., 1990; Steevens et al., 1971). 
Authors concluded that P in diet dry matter 
(DM) should not exceed that recommended (NRC, 
1978 and 1989), based upon cow weight and level 
of milk yield (i.e., 0.32-0.40% of diet DM).

Requirements of Ca and P for lactating cows 
are calculated as grams per day based upon 
parity, body weight, milk yield and pregnancy 
status (NRC, 1989). Thus, feeding rations con­
taining a certain concentration to meet daily needs
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assumes that dry matter intake (DMI) is not 
greatly above or below that required to provide 
recommended daily intakes and that neither Ca 
nor P are fed free choice (Coppock et al., 1972).

When Holstein cows were fed a constant 
amount of DM (20 kg/d) with different P con­
centrations (0.30,0.41 and 0.56%), P excretion 
through feces increased by 0.55 g/.d for each gram 
extra P intake (Morse et al., 1992). Although 
excretion of P was changed by altering concen­
tration of P in diet DM, and thus P intake, 
effects of P on DMI were not evaluated because 
DMI was restricted to 20 kg/day. Inadequate or 
excess intake of P may decrease DMI and utili­
zation of nutrients, decrease concentration of 
inorganic P in blood plasma, and cause loss of 
body weight and mineral imbalance (Call et al., 
1987; Hibbs and Conrad, 1983; Horst, 1986; Witt 
and Owens, 1983). Feeding excess P is costly, 
increases excretion of P in feces (Morse et al., 
1992; Van Horn, 1991), and may cause a reduc­
tion in milk yield (Call et al., 1987; Hibbs and 
Conrad, 1-983; Kincaid et al., 1981; Morse et al., 
J 992). Furthermore, excretion of minerals and 
organic compounds. by animals, especially P and 
Compounds containing N, is important to livestock 
producers and regulatory agencies responsible for 
maintaining quality of .surface and ground water
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(Lanyon, 1992; Tamminga, 1992; Van Horn, 
1991). Reduction in excretion of P results from 
decreasing cows' intake to better match their 
needs or by increasing output in the milk or meat 
produced (Tamminga, 1992). Thus, dietary ma­
nipulation of nutrient intake is one practice to 
address environmental quality. Objectives of this 
experiment were to determine the short-term 
effects of feeding different concentrations and 
ratios of P and Ca on DMI and on yield and 
composition of milk.

Materials and Methods

Cows and feeding
Twenty-four lactating Holstein cows (11 pri- 

miparous) were used in a 3 X 2 partially balanced 
incomplete randomized block design. Cows were 
101 ±35 days in milk (x±SD; DIM) at assign­
ment. Three dietary concentrations of P and two 
concentrations of Ca were evaluated (table 1). 

Concentrations of P were 0.33, 0.43 and 0.54% 
of ration DM, which represented adequate, high, 
and excess of concentrations recommended for 
dairy cows such as those on the study that were 
producing 22-24 kg/day of 3.5% FCM (0.35% 
of ration DM; NRC, 1989). Concentrations of 
Ca were 0.60 and 0.97% of ration DM, high and 
excess of that recommended (NRC, 1989).

Cows were housed in a free-stall barn equip­
ped with Calan gates (American Calan Electronics, 
Northwood, NH) and had access to outside lots 
for exercise. Total mixed rations (TMR) were 
fed twice daily at 09:00 and 14:30 hours, and 
fresh water was available for ad libitum intake. 
Basal ration (table 2) was formulated to contain 
0.33% P and 0.60% Ca of ration DM. The two 
greater concentrations of P were obtained by 
addition of monoammonium phosphate with 
reductions of urea to balance the N content of 
the ration. Higher concentration of Ca (0.97%) 
was achieved by addition of feed grade CaCO3.

TABLE 1. CONCENTRATIONS AND RATIOS OF Ca AND P IN DIET DRY MATTER1

Concentration of Ca
Concentration of P

0.33% DM 0.43% DM 0.54% DM
% DM Ratio Ration no. Ratio Ration no. Ratio Ration no.

0.60 1.8 1 1.4 2 1.1 3
0.97 2.9 4 2.3 5 1.8 6

1 Means of chemical analyses of composite samples of total mixed rations averaged across periods. Analyses 
conducted in Dairy Science Nutrition Laboratory, Gainesville, FL.

TABLE 2. COMPOSITION OF BASAL RATION

Ingredient % of Diet DM

Ground corn 49.15
Corn silage 17.98
Cottonseed hulls 15.41
Soybean meal (48% CP) 13.48
Urea 1.73
CaCO3 1.02
Trace-mineralized salt 0.84
Magnesium oxide 0.32
Monoammonium phosphate 0.07

Cows were trained to use the feeding gates
during a 12-day adjustment period, during which
they consumed the basal ration (0.33% P, 0.6%
Ca) ad libitum. Thereafter, cows were assigned

randomly to be fed three of the six rations: one 
ration during each of the three 28 day-periods. 
Each cow consumed at least one ration with each 
concentration of Ca. All 24 cows provided data 
during all three periods.

Sample collection and analyses
Concentrates were mixed every 3 to 4 weeks, 

sampled once weekly, and analyzed for concen­
trations of P and Ca (AOAC, 1984; Fick et al., 
1979). Corn silage was sampled three times weekly 
and cottonseed hulls biweekly for determination 
of DM and concentrations of P and Ca (AOAC, 
1984; Fick et al., 1979). Mean nutrient composi­
tion for each of the six rations is in table 3. 
Refused feed was collected daily, weighed and 
sampled during the last 7 days of each period 
for determination of DMI based on DM offered
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and refused.
Milk weights were recorded fbr a.m. (06:00- 

07:00 hours) and p.m. (18:00-19:00 hours) milk­
ings, and milk yields were averaged for the last 
7 days of each period. Analyses for milk com­
ponents were on individual milk samples obtained 
during the last 3 days of each period (six milk­
ings). Percentages of fat, protein, lactose, and 
the somatic cell count were determined (Dairy 
Herd Improvement Testing Laboratory, Blacks­
burg, VA). Average daily percentages of compo­
nents were corrected for a.m. and p.m. milk yields 
for days 22 through 28.

Samples of blood were obtained from cows 
once weekly between 07:30 and 08:30 hours, after 
the a.m. milking but before a.m. feeding. Samples 
were collected from the coccygeal vein or artery 
into heparinized tubes (10 ml, vacutainer; Becton- 
Dickson Co., Rutherford, NJ), stored on ice, and 
centrifuged within 1 hour at 770 X g for 15 
minutes; plasma was harvested and frozen until 
analyzed for P (Fick et al., 1979). Samples that 
were hemolyzed were discarded and replacements 
were obtained the next day. Only samples taken 
during the final 7 days of the 28-day period were 
used in the statistical analysis. This provided a 
21-day adjustment period prior to testing for 
effects of treatment.

Statistical analyses
Data were analyzed by method of least squares 

ANOVA using the general linear models proce­
dures (SAS, 1985). Variation of all dependent 
variables was attributed to age, cow in age, 
period, diet, and age X period. Significance was 
declared at p < 0.05 unless otherwise indicated.

Results and Discussion

Chemical analyses of composite samples of 
TMR across periods were used to obtain nutrient 
analyses in table 3. Results of the statistical 
analyses are in table 4. Average daily DMI 
adjusted for age of the cow and treatment 
decreased from 24.7 in period 1 to 23.0 kg/day 
in period 3 (SE = 0.4). Concentrations of P or 
Ca in the TMR did not affect DMI, but there 
was a small and nonsignificant trend for DMI 
to increase as concentration of P decreased. 
Consumption of P exceeded requirements fbr all 
diets because DMI was greater than expected for 

cows producing about 22-24 kg/day of milk. Cows 
consumed an average of 80, 102 and 127 g/day 
of P, whereas requirements of cows producing 
21-32 kg/day of 3.5% FCM would be 58-80 g/day 
of P. Because intakes of P were 22 and 47 g/day 
greater than recommended for the two higher 
concentrations of P fed, and the excess largely 
would be excreted in feces by cows (Morse et 
al., 1992), the potential for environmental con­
tamination would be greater. Although amount 
of P in urine increased over 450% when cows 
were fed the high P diet (0.54% of ration DM), 
the absolute amount excreted via urine still was 
much less than that excreted in the feces (Morse 
et al., 1992). If、excreted materials were distributed 
on land for uptake by crops it might necessitate 
additional cropping practices to ensure that the 
excess minerals and N compounds applied to the 
land did not contaminate surface or ground water 
(Lanyon, 1992; Tamminga, 1992).

When milk yields were adjusted for age of 
cow, period, and concentration of Ca in the 
ration, effect of concentration of P was significant 
(p< 0.09). Cows consuming lowest concentration 
of P produced more milk (22.8 vs. 22.3 and 
21.8 kg/day of milk; p<0.07) than when fed 
rations with greater concentrations of P (0.43 and 
0.54%). Actual milk and 3.5% FCM yields for 
cows fed 0.43 or 0.54% P did not differ.

Results of our short-term study (28-day per­
iods) differed from those for a full lactation study 
(Kincaid et al., 1981). These authors found that 
cows fed a diet containing 0.3% P and 1% Ca 
consumed 3.6% less DM and produced 10.2% 
less milk or 8.8% less 3.5% FCM during a 10- 
month lactation than cows fed 0.54% P and 1% 
Ca. Concentrations of P and Ca in the latter 
rations were 1.3- and 2.8-fold greater than 
formerly recommended (NRC, 1978) and greater 
than fed during the current study. The low P 
diet provided about 10% less P than required 
for cows yielding greater than 25 kg/day of milk 
(Kincaid et al., 1981; NRC, 1978), whereas ab­
solute intakes of P were adequate or in excess 
of needs of cows in our study. In another study 
(Carstairs et al., 1981), cows fed diets adequate 
in P (0.4% of diet DM, 98% of requirement) and 
Ca (0.6% of diet DM) for 12 weeks yielded 1.8 
kg/day more milk (p<0.10) between 5 and 12 
weeks than cows fed 135% of P requirement. 
Feeding concentrations of Ca greatly exceeding

233



MORSE ET AL.

that required may result in formation of mono- excess of requirements, P absorption still may
or dicalcium phosphates which can reduce P be adequate, even if there is formation of calcium
availability. When both P and Ca are fed in phosphates.

TABLE 3. NUTRIENT COMPOSITION OF TOTAL MIXED RATION COMPOSITE SAMPLES'

Nutrient
Ration

1 2 3 4 5 6

............. (%) of DM
CP 16.1 15.4 15.4 15.6 13.5 14.7
ADF 23.1 22.6 21.2 21.0 24.5 22.4
NDF 35.9 36.0 36.4 35.5 39.9 36.1
TDN 75 75 77 77 74 76
NEl (Mcal/kg) 0.70 0.71 0.72 0.72 0.69 0.71
Ca 0.60 0.61 0.63 0.95 0.79 0.91
P 0.33 0.42 0.48 0.33 0.37 0.51
K 1.01 1.03 1.00 0.99 1.02 1.01
Mg 0.41 0.42 0.37 0.41 0.43 0.41
Na 0.49 0.49 0.52 0.56 0.55 0.54

Fe 496 593 421 433 487 513
Zn 42 37 36 36 37 37
Cu 21 23 15 22 27 15
Mn 128 138 84 130 178 84
Mo 1.8 1.9 1.5 1.5 1.5 1.8

Analyzed at New York Dairy Herd Improvement Forage Testing Laboratory, Ithaca, NY.

Percentages of fat, protein, and lactose were 
not affected by concentration of P in diet when 
results were adjusted for age of cow, period, and 
concentration of Ca (table 4). This agreed with 
reports that concentrations of P in the range 
0.32 to 0.57% of diet DM did not alter protein or 
fat percentages of milk (Call et al., J987; Kincaid 
et al., 1981). Protein percentage of milk was 
reduced, but not fat percentage or P concentration 
of milk, when cows were fed 0.24% P in diet DM 
(Call et al., 1987). This concentration of P was 
approximately 40% less than required by cows 
producing 27 kg/day of milk at the start of the 
lactation (NRC, 1989) and resulted in decreased 
DMI and in a further reduction in total intake 
of P.

Milk and 3.5% FCM yields differed for 廿ie 
cows fed the two concentrations of Ca (table 4). 
Cows fed diets containing 0.6% Ca yielded 0.8 
and 1.0 kg/day more milk (p < 0.02) or 3.5% 
FCM (p < 0.03) than those fed 0.97% Ca. Very 
small, but significant, effects of Ca concentration 

on protein percentage were detected (table 4). 
No reason for this small effect was apparent. 
Generally, no effects of Ca concentration on milk 
composition, have been detected when concen­
trations of Ca in the diet have been adequate 
(Kincaid et al., 1981; NRC, 1989; Wohlt et al., 
1986). Kincaid et al. (1981) reported no differ­
ences in milk yield attributed to concentration 
of Ca in diet when concentrations were 1.0 and 
1.7% Ca of ration DM. Lowest concentration 
of Ca they fed about equaled the highest Ca 
concentration fed to cows in our experiment. This 
intake of Ca (350 g/day) was almost two times 
greater than currently recommended for high 
yielding dairy cows not receiving fat supplement 
in the diet (NRC, 1989). Calch」m retention by 
dairy cows fed 0.97% Ca in the ration DM was 
greater than cows fed 0.63%, although neither 
source nor percentage of Ca affected milk yield 
over an 18-week period (Wohlt et al., 1986). Milk 
yield was less, but milk composition was un­
changed when a readily available source of Ca
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(albacar) was compared with other less readily in rations containing 0.97% Ca, perhaps as a
available sources (aragonite or calcite flour) fed result of an imbalance or excess of diet Ca.

TABLE 4. LEAST SQUARES ANOVA FOR DEPENDENT VARIABLES. PROBABILITY VALUES, COEFFICIENTS OF 
VARIATION, AND LEAST SQUARES (LS) MEANS FOR MODELS ANALYZED

Source df
Dependent variable1

DMI MY 3.5% FCM FAT % PRO % LAC % BLD-P

Age 1 0.31 0.01 0.03 0.11 0.09 0.01 0.04
Cow (age) 22 0.01 0.01 0.01 0.01 0.01 0.01 0.02
Period 2 0.01 0.01 0.01 0.24 0.01 0.01 0.65

Treatment
P 2 0.77 0.09 0.37 0.56 0.74 0.72 0.15
0.33 vs. 0.43 1 0.54 0.07 0.17 0.97 0.88 0.46 0.10

and 0.54
0.43 vs. 0.54 1 0.73 0.25 0.85 0.29 0.46 0.75 0.26
Ca 1 0.47 0.02 0.03 0.66 0.01 0.33 0.71
P X Ca 2 0.45 0.57 0.72 0.95 0.78 0.87 0.61
Age X Period 2 0.79 0.03 0.02 0.24 0.23 0.66 0.59
CV 8.0 5.4 7.4 7.3 2.3 1.1 14.3
R2 0.80 0.96 0.91 0.80 0.94 0.94 0.64

LS Means i〔％ of DM) (................ Kg/a ・• ............ ) (.............. /o .............. .

0.33 24.1 22.8 24.0 3.9 3.5 4.9 7.0
P 0.43 23.8 22.3 23.3 3.8 3.5 4.9 7.7

0.54 23.6 21.8 23.2 3.9 3.5 4.9 7.3
SE 0.4 0.3 0.4 0.1 0.02 0.이 0.2
Ca 0.60 23.7 22.7 24.0 3.9 3.51 4.9 7.4

0.97 24.0 21.9 23.0 3.9 3.45 4.9 7.3
SE 0.3 0.2 0.3 0.1 0.01 0.01 0.2

1 Dependent variables. DMI =dry matter intake; MY = actual milk yield; FCM = 3.5% fat corrected milk;
FAT % = milkfat percentage; PRO % = protein, percentage; LAC % = lactose percentage; BLD-P = concentration 
of P in plasma (milligrams per deciliter).

Ratios of Ca: P in TMR were 1.1 to 2.9 
(table 1). No significant effects on DMI, milk 
yield, or milk composition were detected from 
ratio of Ca : P. During a 40-week lactation study 
with 48 cows, feeding Ca : P ratios from 1.5 : 1 
to 3.0 : I did not affect milk yield, milk compo­
sition, or persistency of lactation when concen­
trations of P in diet DM were 0.4 or 0.6% (Steevens 
et al., 1971). These results would be expected, 
because actual intakes of P and Ca were greater 
than required for level of milk yield of the cows. 
No difference in milk yield response of cows was 
detected when they were fed rations with wider 
Ca : P ratios (Smith et al., 1966). Ratios of Ca 
:P fed may be a poor indicator of ratio in the 
material reaching the lower digestive tract because 

of extensive recycling of P in the saliva, variable 
recycling of Ca, and differences in the rate at 
which these minerals become available from 
ingested feeds (Horst, 1986; NRC, 1989; Wohlt 
et al., 1986). Intakes of P much greater than, 
required occurred when cows were fed diets with 
the higher concentrations of P. Ruminants ap­
parently can tolerate wide Ca : P ratios without 
a noticeable reduction in P availability (Horst, 
1986). As long as the concentrations of dietary 
Ca and P are adequate (NRC, 1989), ratios 
ranging from 1.2: 1 to 5: 1 are acceptable in 
most feeding situations with lactating cows (Hibbs 
and Conrad, 1983; NRC, 1989； Smith et al., 
1966; Wohlt et al., 1986).

Concentration of P in plasma of cows fed 
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the six rations was within the range normally 
expected (4 to 8 mg/day; table 4; e.g. Roussel 
et al., 1990; Wohlt et al., 1986), indicating that 
P status was adequate during the short-term 
feeding periods evaluated. Concentrations of P 
in plasma were not affected by rations fed. This 
agreed with data reported in NRC (1989); how­
ever, there was a trend for cows fed the ration 
with the lowest concentration of P in DM to 
have slightly less P in plasma than those fed 
rati이is with the greater concentrations of P (table 
4; p<0.10; least squares means, 7.0 vs. 7.7 and 
7.3 mg/dl), but all were within expected range 
for cows consuming either 0.4 or 0.6% P during 
lactation (Call et al., 1987; Carstairs et al., 1981; 
Roussel et al., 1990). Feeding lactating cows 
0.24% P in diet DM led to persistently low con， 
centrations of P in serum (Call et al., 1987), but 
not when concentration of P in ration DM fed 
was at least 0.32% or greater (Call et al., 1987; 
Kincaid et ai., 1981; Steevens et al., 1971; Wohlt 
et al., 1986). When concentrations of P in rations 
were very low, deficiency of P was exacerbated 
by a decrease in DMI, which further reduced 
intake of P (Call et al., 1987).

Conclusions

Overall, res니ts of this short-term lactation 
trial indicated that 0.33% P and 0.60% Ca in 
diet DM, provided about 80 and 142 g/day of 
P and Ca, which were adequate or in excess of 
needs of lactating Holstein cows when milk yield 
was less than 24 kg/d. High DM1 was respon­
sible, in part, for the high intakes and further 
indicates that concentration of these minerals in 
diet DM and actual daily DMI of lactating cows 
both are important (NRC, 1989). Greater con­
centrations of P and Ca than these in ration DM 
resulted in high and excess intakes of P and Ca 
and decreased yields of milk and 3.5% FCM, 
but no changes in milkfat percentage. Greater 
concentrations of P and Ca in ration DM and 
greater DMI would meet requirements of higher- 
yielding dairy cows, where more of these minerals 
would be secreted in the milk (Hibbs and 
Conrad, 1983; Morse et al., 199.2). Concentration 
and actual intake of Ca and P by lactating cows 
is more important than absolute ratio of Ca : P 
fed (Hibbs and Conrad, 1983; Kincaid et al., 
1981; Morse et al., 1992; Steevens et al., 19기).

Feeding nutrients to meet1 animal needs will 
reduce feed costs, improve efficiency of produc­
tion, and improve animal well-being (NRC, 
1989; Morse et al., 1992). The additional need 
to establish whole farm nutrient plans and to 
apply nutrients to land to meet and not exceed 
crop needs is another reason to feed appropriate 
amounts of nutrients to animals.
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