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Highlight 

Mature grade Brahman cows grazing pangolagrass (Digi- 
turia decumbens Stent.) from 3 to 17 years as the only 
source of nutrients other than common salt and red salt 
had an average of 2624 mcg vitamin A and 59 mcg B- 
carotene per gram dry liver and 46 mcg vitamin A and 
1020 mcg B-carotene per 100 ml blood plasma. The liver 
of a 1168 pound cow had the equivalent of 16.3 million 
I. U. vitamin A. The cows had livers with approximately 
28 times more vitamin A, and plasma 5.5 times more B- 
carotene than steers fed a finishing ration containing 10% 
yellow corn meal and 5% alfalfa meal for 140 days. Beef 
cows grazing well managed Florida improved pasture 
would obtain more than sufficient vitamin A for main- 
tenance, reproduction, and milk production as indicated 
by their performance and storage of this vitamin. 

Vitamin A is needed by beef cattle for growth, 
maintenance, and reproduction. B-carotene (pro- 
vitamin A) is a part of the orange-yellow pigments 
of plants and is converted in the intestinal walls 
to vitamin A. The amount of vitamin A and B- 
carotene in the liver and blood of cows obtaining 
all their nutrients from pasture for several years 
may be a guide to the dietary vitamin A require- 
ment of cattle for specific production traits. 

l Journal paper No. 3183 of the Florida Agricultural Ex- 
periment Station. Received February 13, 1969; accepted 
for publication September 27. 1969. 

Morrison (1958) stated that vitamin A is the 
most essential vitamin in the nutrition of beef 
cattle and their needs can be met by feeding suf- 
ficient good quality hay. Maymome (1965) sum- 
marized the recent knowledge about vitamin A. 
He states that while many functions of vitamin 
A are not understood it improves maturity rate, 
is essential for many physiological activities in the 
utilization of other vitamins and hormones and 
protects epithelial tissue from infectious organisms. 
National Research Council (1963) (NRC) give the 
vitamin A and B-carotene daily requirements for 
different classes of beef cattle. They state that 
cattle store vitamin A and carotene in liver and 
body fat in times of abundant intake from pasture. 
These reserves if sufficiently large may meet the 
needs of cattle for vitamin A for several months. 

Methods 
Vitamin A and B-carotene were determined in liver and 

blood of cows maintained on pangolagrass (Digitaria de- 
cumbens Stent.) pasture in a cow-calf grazing project from 
1950 to 1965 as described by Hodges et al. (1964). Cows 
had % to I:& Brahman blood and most of the cows were 
sired by the same purebred bull. 

Cows when slaughtered at 7 to 19 years of age had ob- 
tained all their feed by grazing well managed pangolagrass 
for 1 to 17 years. Under-nutrition of cows occurred for 
short periods in either late winter or early spring months 
in five years of the extended trial. Cows had free access 
to common salt and red salt but pasture forage was the 
only source of phosphorus and calcium. The red salt con- 
sisted of common salt 100 pounds, red oxide of iron 10 
pounds, copper sulfate 2 pounds, and cobalt chloride 2 
ounces. 

Three cows were slaughtered March 23, 1964, four March 
16, 1965, and 21 on December 8, 1965. Liver samples were 
obtained from 27 and blood from 20 of these cows for 
vitamin A and B-carotene analyses. The 21 cows slaughtered 
December 8, 1965 involved 17 that were pregnant, and 13 
had weaned calves in 1965. These cows ranged in age with 
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Table 1. Vitamin A and B-carotene levels in liver (mcg/g) 
and blood plasma (mcg/lOO ml). 

Dry liver Plasma 

Vitamin B- Vitamin B- 
Date Cows A carotene Cows A carotene 

Mar. 1964 2 3999 123 3 15 1122 
Sept. 1964 - - - 46 58 983 
R/lar. 1965 4 2903 81 - - - 
Dec. 1965 21 2440 49 17 19 1101 

Average 2624 59 46 1020 

Sept. 1964l - - - 16 56 1030 
Dec. 1965l - - - 16 19 1104 

I Blood samples from same cows at two periods. 

six 17 to 19, ten 12 to 15, and five 7 to 12 years old. They 
averaged 1168 pounds when slaughtered. Blood plasma was 
obtained from 46 cows in September 1964 for vitamin A 
and B-carotene determinations and included 16 of the 
animals slaughtered in March and December 1965. 

Blood samples were titrated and iced until analyzed for 
vitamin A and B-carotene by the method of Kimble (1939). 
Liver samples were frozen until assayed for vitamin A by 
the procedure of Gallop and Hoefer (1946) and the method 
outlined by A.O.A.C. (1960) for B-carotene. 

Results and Discussion 

The average vitamin A and B-carotene level in 
liver and blood plasma of cows from the same 
grazing p ro’ect are shown in Table 1. Vitamin A J 

per gram dry liver from two cows and B-carotene 
in plasma of three cows grazing pangolagrass for 
15 and 16 years, slaughtered on March 23, 1964, 
were found to be surprisingly high. Vitamin A 
was 3928 and 4069 (av. 3999) mcg per gram dry 
liver and B-carotene 1050 to 1267 (av. 1122) mcg 
per 100 ml plasma. B-carotene of dry liver aver- 
aged 123 mcg per gram and vitamin A of plasma 
15 mcg per 100 ml. 

Blood samples obtained from 46 cows (Shirley 
et al. 1968) in September 1964 ranged from 20 to 
108 (av. 58) mcg vitamin A and from 550 to 1065 
(av. 983) mcg B-carotene per 100 ml plasma. 

Liver samples from the four cows, 12 to 18 year 
old, slaughtered March 16, 1965, had 2 193 to 42 15 
(av. 2903) mcg vitamin A and 72 to 99 (av. 81) mcg 
B-carotene per gram dry liver. 

The cows slaughtered December 8, 1965 were 
7 to 19 years old and had grazed pangolagrass as 
the only source of nutrients from 1 to 17 years. 
Liver vitamin A ranged from 663 to 43 10 (av. 2440) 
mcg and blood plasma B-carotene from 660 to 1688 
(av. 1101) mcg. In contrast the level of liver B- 
carotene was from 0 to 116 (av. 49) mcg and plasma 
vitamin A from 11 to 25 (av. 19) mcg. Cows having 
the highest level of liver vitamin A and plasma 
B-carotene were 13 and 11 years old, respectively. 
These cows did not wean a calf in 1965 but both 
were pregnant when slaughtered. 

Table 2. Vitamin A (mcg/g) in liver and B-carotene 
(mcg/lOO ml) in plasma of cows December 8, 1965. 

Pregnancy Vitamin A B-carotene 
of cows cows in dry liver cows in plasma 

Dry 8 3165 8 1380 

Pregnant 17 2451 14 1114 
Weaned calf 13 2001 9 970 

Blood samples from the same 16 cows obtained 
on September 9, 1964, and December 8, 1965, 
(Table 1) were compared. Vitamin A level per 
100 ml plasma varied from 24 to 108 mcg (av. 56) 
in September 1964 and from 9 to 25 mcg (av. 19) 
in December 1965 while B-carotene varied from 
588 to 1605 mcg (av. 1030) and from 660 to 1388 
mcg (av. 1104) for plasma collected at the two dates, 
respectively. There was considerable individual 
variation in vitamin A and B-carotene levels of 
plasma collected 15 months apart. The 16 cows, 
weighed off pasture, averaged 1134 pounds on 
August 31, 1964, and 1297 pounds on December 
8, 1965. The difference in average weight was 
typical for cows when calves were weaned and 
three months later in the year. Fifteen of the 16 
cows weaned calves in 1964, nine in 1965, and thir- 
teen were pregnant when cows were slaughtered 
in December 1965. 

Average values of vitamin A in liver and B- 
carotene in blood plasma of dry, pregnant and 
nursing cows in December 1965 are given in Table 
2. Dry cows (no calves in 1965) have the highest 
average level of vitamin A and B-carotene in liver 
and plasma, followed by the pregnant cows and 
lowest values for cows which had weaned calves 
the previous September. Blood values for dry cows 
were approximately 23% and 19% higher than 
those observed for pregnant cows. Corresponding 
values for cows that weaned calves were approxi- 
mately 37% and 3070 lower than for dry cows. The 
data indicate that body reserves of vitamin A and 
B-carotene are reduced when a cow is pregnant or 
nursing a calf, even when pasture forage has a 
good supply of B-carotene. 

Presumably B-carotene in blood plasma would 
be converted to vitamin A whenever needed to 
maintain adequate amounts of vitamin A for body 
requirements. This may indicate that as the liver 
becomes saturated with vitamin A the carotene 
continues to be absorbed from the digestive tract 
and builds up in blood plasma. Duvall and 
Hansard (1967) obtained blood plasma values in 
Louisiana range cows from 44.2 to 67.7 mcg vita- 
min A and 679 to 1060 mcg B-carotene per 100 ml. 

Cow Age and Level Vitamin A and B-carotene 
in Liver and Blood Plasma 

Cows 7 to 12 years old slaughtered December 8, 
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Table 3. Cow age and Vitamin A and B-carotene values 
in liver (mcg/g) and blood plasma (mcg/lOO ml). 

Dry liver Plasma 

Age Vitamin B- Vitamin B- 
(years) Cows A carotene Cows A carotene 

17 to 19 6 2533 59 4 17 1107 
12 to 15 10 2575 45 8 23 1067 

7to12 5 2059 38 5 20 1146 

1965, had approximately 20y0 lower level of liver 
vitamin A than did the two older groups and 6% 
higher level of plasma B-carotene, Table 3. Thir- 
teen of the 2 1 cows weaned calves in 1965 and 17 
were pregnant when slaughtered. There was an 
abundance of mature pangolagrass but only a 
moderate amount of green forage when the cows 
were removed. 

Comparison of Cows on Pasture with Fed Steers 

The difference in vitamin A and B-carotene 
level in liver and plasma between mature cows 
and yearling and Z-year old steers fed rations con- 
taining 10yO yellow cornmeal and 5% alfalfa meal 
for 140 days are shown in Table 4. Liver and blood 
samples were taken when cattle were slaughtered, 
cows on December 8, 1965, and steers at the com- 
pletion of the feeding trials. The cows had livers 
28 times higher (P < 0.01) than fed steers. Con- 
tinuous grazing by beef cows of well managed 
pangolagrass provided ample B-carotene for excess 
storage in the liver of vitamin A. 

B-carotene in Pasture Forage 

Highest quality pangolagrass forage available to 
the grazing cows for limited periods each spring 
contained 210 mcg B-carotene per pound on an 
air-dry basis. Samples of forage collected at 
monthly intervals in 1962 averaged 55 mg B- 
carotene per pound dry matter. Values ranged 
from 10 mg in January to 90 mg in June. Green 
and semi-mature forage were available to the cows 
except for short periods in weather extremes. 

Vitamin A Storage in Liver 

According to NRC (1963), 1 mcg vitamin A is 
equal in nutritive value to 3.33 I. U. and 1 mg 
B-carotene to 400 I. U. vitamin A in cattle nutri- 
tion. It has been calculated that the liver from a 
1168 lb cow would contain an equivalent of 16.3 
million I. U. vitamin A. This calculation is based 
upon a liver of 1.257, of live weight, having 28%) 
dry matter and containing 2624 mcg vitamin A 
and 59 mcg B-carotene per gram dry tissue. 

NRC (1963) states that a 1100 lb dry cow re- 
quires 19,000 I. U. and a nursing cow of the same 
weight 42,000 I. U. vitamin A for the first 3 to 4 
months after parturition, giving an estimated aver- 
age of 30,000 I. U. daily for a year. Vitamin A 
equivalent in the liver would meet the needs of 
a producing beef cow for 1 year if 67% became 
available for her nutrition. In addition blood 
plasma contained 19 mcg vitamin A and 1104 mcg 
B-carotene per 100 ml. These high storage values 
indicate that cows g-razing well managed pangola- 
grass as the only source of nutrients obtained more 
than sufficient B-carotene or pro-vitamin A to 
supply their needs. It may be that body stored 
vitamin A and B-carotene are not as available in 
animal tissue metabolism as B-carotene in pasture 
forage. 

Conclusions 

Grade Brahman cows were maintained on pan- 
golagrass pasture as the only source of nutrients 
from 3 to 17 years. The forage had sufficient B- 
carotene to meet vitamin A needs of cow-calf herds 
throughout the year as indicated by their general 
healthy appearance, production, and high storage 
of vitamin A in the liver. 

Vitamin A per gram of dry liver averaged 2624 
mcg and B-carotene 1104 mcg per 100 ml plasma. 
The vitamin A and B-carotene in liver on Decem- 
ber 8, 1965, was sufficient to meet the cow’s re- 
quirements for approximately a year, if available. 

Well managed Florida improved pasture species 
contains sufficient B-carotene to meet the needs 
of grazing cattle as indicated by their performance 
and storage of vitamin A. 
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Needs for Soil Information in the 
Management of Range Resources1 
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Professor, Department of Watershed Management, 
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With present procedures of inventory and research, the 
kinds and amount of soil information needed for manage- 
ment of range resources is not always available, nor is the 
information always used when it is available. More effec- 
tive use of soil information is hindered by 1) a communi- 
cation gap between those who collect the information and 
the resource managers who should be using the informa- 
tion, 2) a priority system for soil survey which places more 
importance on standard soil surveys on a block basis than 
on special surveys conducted to meet the immediate needs 
of management, and 3) lack of a relationship between the 
soil survey programs and research designed to bring re- 
search results into context with land use problems. 

Range managers have a good record in the use 
of soil information in managing range resources. 
From the beginning of range management as a 
science, range people have recognized the impor- 
tance of soil as a reservoir of nutrients and mois- 
ture for the production of forage (Shantz, 1911; 
Sampson, 1923). They have zealously sought to 
protect the soil mantle against the ravages of 
erosion and were among the first to incorporate 
meaningful soil information into management 
planning. 

In the late 1940’s when rangemen turned away 
from the old range survey method of range analysis 
and began to think in terms of range condition 
they began to look at soils more closely than ever 
before. Soil became an object of study in terms 
of soil-plant relations, its potential to produce a 
vegetative crop and its resistance to damage. 

1 Arizona Agricultural Experiment Station Journal Article 
No. 1467. Adapted from a paper delivered before the 
Forest Soils Workshop at the annual meeting of the Society 
of American Foresters, Philadelphia, Pa., Oct. 3, 1968. Re- 
ceived March 28, 1969; accepted for publication July 22, 
1969. 

Rangemen began to find a greater need for soil 
information in management planning, in design- 
ing range improvements and in prescribing re- 
habilitation procedures for deteriorated and brush- 
infested ranges. Researchers helped point the way 
to use of soil information and found a knowledge 
of soils of great benefit in their own work. 

There are two principal sources of soil informa- 
tion for range managers: 1) that provided by soil 
survey and 2) that obtained from a broad spectrum 
of research. Soil survey conducted according to 
procedures of the National Cooperative Soil Survey 
is the principal source. This inventory procedure 
is good both in theory and practice. It should, and 
is, in a large number of cases, providing the basic 
soil information needed to answer range manage- 
ment questions. Research should pick up where 
the inventories leave off, study problems of classi- 
fication, interpretation, and application of survey 
data and investigate soil-plant-water relations in 
the context of important land use problems. 

At present, the needs for soil information are 
not being fully satisfied by soil surveys and re- 
search. Perhaps this is too much to expect. But 
we could improve our effectiveness within the 
scope of resources presently available. The pur- 
pose of this paper is to point out problems of cur- 
rent procedures and suggest opportunities for im- 
provement. 

It should be recognized at the outset that soil 
survey on non-arable lands is a young program: 
only a small percentage of non-arable lands has 
been surveyed and at the present rate of progress 
several decades will be required to achieve com- 
plete coverage. But even when soil survey infor- 
mation is at hand, the kind and amount of infor- 
mation required is not always available, nor is the 
information always used when it is available. The 
extent and manner in which soil information is 
utilized varies between and within the various land 
management agencies. The procedure of range 
analysis used by the Soil Conservation Service 
(SCS) is more dependent on soil information and 
makes more complete use of soil survey informa- 
tion than that employed by other agencies. This 
is to be expected; soil surveys have always been an 


