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Quick Facts 
Protein, energy, carotene (the precursor of 

vitamin A) and phosphorus are four 
nutrients of concern to managers of 
animals on Colorado rangelands. 

Animal production is constrained by ge-
netics, total nutrient ingestion and the 
balance of nutrients in the diet. 

Forage ingestion by the free-grazing animal 
is not 0 constant percentage of body 

weight, but changes with forage qual-
ity, environment, body size and condi-
tion and physiological state. 

The efficiency with which forage is used 
for maintenance and production is 
proportional to its quality. 

Supplemental feed should not replace for-
age but provide a balance of nutrients 

at the rumen and tissue level for effi-
cient production. 

More than 80 percent of the food energy to 
produce red meat comes from forage sources. In 
the west, most of that comes from rangeland. 
Range provides nutrients for the cow herd or 
sheep flock for most of their productive lives. 

Quality of range forage varies in different 
parts of the pasture and throughout the year. 
Range forage is optimal for livestock growth and 
production for a short period of the year. Early in 
the season, forage may be of high nutrient con-
tent, but nutrients are soluble and may not be effi-
ciently utilized by rumen microflora. Late in the 
season, high fiber content limits nutrient inges-
tion and use. 

Whether to supplement deficiencies or not is a 
question of animal well-being and economics. 
Colorado range forage does not meet the needs of 
animals year round. Some loss of weight and con-
dition of mature animals is expected over the win-
ter. Supplemental or complete feeding is recom-
mended when forage is low in quality, quantity or 
covered with snow. 

Characteristics 
Plant material can be divided into cell con-

tents and cell wall. Cell contents include sugars, 
starches, proteins and other nitrogenous com-
pounds, and soluble minerals. The cell wall is the 
fiber portion of the plant. Cell contents are di-
gested completely, but digestibility of cell walls 
(fiber) depends on maturity. A l l plants have a 
high density of nutrients shortly after initiation 
of growth in the spring. The proportion of cell 
contents is high and the degree of lignification is 
low. As the season progresses, cell contents decline 
and degree of lignification increases. Available 
nutrients decline rapidly and often fall below 
recommended concentration for optimal produc-
tion by mid-summer or early fall. 

Typically, four nutrients are of concern to 
managers of animals on Colorado rangelands; 
protein, energy, carotene (the precursor of vitamin 
A ) and phosphorus. In addition, range forage in 
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many parts of the state appears to be deficient in 
copper. High molybdenum aggravates copper 
deficiency, Potassium and zinc may be deficient 
in mature, weathered forage. Other minerals such 
as selenium also may be found in toxic levels in 
localized areas of the state. 

As plants mature, grasses and forbs (her-
baceous plants) lose crude protein, carotene and 
phosphorus faster than browse (woody plants). 
Browse may be a good source of crude protein, 
carotene and phosphorus in late summer, fall and 
winter. The amount of available energy in browse 
differs by species, the part of the plant consumed 

and season. 
Generally, anything that retards the rate of 

plant development, such as moisture or light 
stress, will maintain higher nutrient status (hut 
less yield). Anything that advances the rate of 
development, for example extra water or nitro-
gen, allows greater structural development and 
reduces nutrient quality (but more yield). 

On average, the higher the production poten-
tial of a range or range site, the higher the fiber 
content of the forage, and the higher fiber content 
of the diet. In early stages of growth, differences 
in nutrient content among grasses is small. In 
later development, tall grasses (switchgrass) are 
less nutritious than short grasses (blue grama), 
and cool season grasses (western wheatgrass) are 
more nutritious than warm season grasses (prairie 
sandreed or sand bluestem). Generally, large ani-
mals (cattle) include more fiber in their diet than 
small animals (sheep). 

Ruminants have a selective delay mechanism 
in the digestive tract that retards the rate that 
material passes through the system. A longer res-
idence time allows more complete digestion. On 
the other hand this delay mechanism limits the 
amount of forage a ruminant can eat. 

Carotene content of grasses declines rapidly 
as plants begin to "brown off." Browse is a good 
source of carotene year round. Many ranchers use 
injectable vitamin A on the cow herd at weaning, 

Limiting Nutrients 
Animal production is constrained by genet-

ics, total nutrient ingestion and the balance of 
nutrients in the diet (or in some cases a toxic nu-
trient). Most nutrients are needed in proportion to 

the energy requirement of the animal. Level of 
production is set by the energy intake of grazed 
forage. If some nutrient is limiting, for example 
crude protein, no value can come from feeding 
additional energy. 

Ingestion and Utilization 
Ingestion by ruminant animals is affected by: 

the fibrous nature of most range diets, body size, 
physiological state, environment and balance of 

nutrients. Utilization (digestion) is affected by: 
amount of cell contents, amount and lignification 
of the fiber and environment. 

An increase in the amount of slowly degraded 
or indigestible plant fractions (cell-wall fiber) 
causes a reduction in the rate of passage, and 
rumen fill limits the amount an animal can eat. 
Unlike animals with simple stomachs (pig), or 
cecal digesters (horse), the selective delay mech-
anism between the rumen and omasum delays 
passage of particles greater than 0.5 mm to 1 mm. 
The intake values given by the National Research 
Council assume an animal can eat up to that 
amount of a feed. Intake of the free-grazing animal 
is not a constant percentage of body weight. Gut 
capacity is proportional to body size or weight 
while nutrient requirements, especially energy, 
are proportional to metabolic size. Since require-
ments of smaller animals are higher per unit of 
body weight than large animals, diet quality must 
be higher to meet needs. 

The amount an animal consumes of any qual-
ity food depends on the nutritional and/or produc-
tive status of the animal. Thin animals can eat 
more than fleshy animals; lactating animals eat 
more proportionally than non-lactating animals; 
animals with high lactation potential eat more 
than those with low potential, even when not lac-
tating, etc. 

Animals in confinement respond to low tem-
peratures by increasing intake. Free-grazing 
animals also may respond to cold temperatures 
by modifying behavior. Behavioral modifications 
are complex. When animals seek comfort in cold 
weather, intake may drop dramatically. Forage 
often is covered in winter. This causes severe 
stress and need for supplemental energy may 
increase dramatically in cold weather. At extreme 
temperatures even good quality forages may not 
supply sufficient energy to sustain animals 
through long cold spells. 

Intake also is reduced when temperatures are 
high. At high temperatures heat and water bal-
ance are critical. In order to "lose" heat, animals 
reduce intake and increase the amount of water 
exchanged with the atmosphere. Of course, sup-
plements rarely are indicated under these condi-
tions. 

The efficiency with which forage is used for 
maintenance and production is proportional to its 
quality. Energy always is used more efficiently 
for maintenance than production. So, as forage 
quality declines, more and more of the available 
energy is used to support maintenance. 

Management Strategies 
The target for winter management of the cow 

is moderate body condition at calving so rebreed-
ing occurs and is not delayed. The most important 
factor that determines interval from calving to 
first estrus and pregnancy is body condition score 



of the cow at calving (1 = thin; 9 = fat). It is more 
important to assure cows gain weight during the 
last trimester than to try to feed energy post-
partum. 

The key to cow management in winter is to 
insure at least moderate body condition at wean-
ing in the fall. Studies show it is difficult to eco-
nomically put body condition on a thin cow dur-
ing the fall-winter, but body condition can be 
maintained effectively with supplements. 

Total energy intake determines the level of 
production in an animal. However, on most Colo-
rado rangelands protein is the limiting nutrient. 
Protein requirements must be met at both the 
rumen level and the tissue level. Supplemental 
feed should not replace forage but should provide 
a balance of nutrients at the rumen and tissue 
level for efficient production. Normally, concen-
trate supplement feed at levels in excess of about 
0.30 percent of body weight wil l limit intake of 
grazed forage. On average 4 pounds of high qual-
ity hay (alfalfa) will replace about 3 pounds of 
forage. 

Important questions are: 1) When do you 
begin and end supplemental feeding? 2) What 
supplement do you feed and how much? 3) Do you 
supplement with hay or concentrate? A wide va-
riety of by-product and commercial feeds are 
available on the market. The bottom line is cost 
vs. effectiveness as a supplement. 

When to begin and end feeding. The best indi-
cator of when to begin feeding is body-condition 
score. If possible; separate first-calf heifers from 
other cows and divide cows into two groups, based 
on condition. More feed can be given to the group 
in lower body condition. Body condition of heifers 
should not drop below 5.5 or 6.0 compared to 9.0 
before starting to supplement. Body condition of 
cows should not drop below about 4.5 or 5.0 com-
pared to 9.0 before starting to supplement. It is 
never economical to attempt to maintain body 
condition of a lactating cow with supplementa-
tion. When cows begin to lose body condition, 
management options include: wean the calf to 
effectively reduce stocking rate 20 percent to 30 
percent; cull or move animals to alternative for-
age to reduce stocking rate; and begin supple-
menting. 

The question of when to end supplemental 
feeding is more difficult. Calving should occur 
about four to six weeks prior to spring "greenup." 
The goal is to have a body condition of at least 5.0 
compared to 9.0 at calving. Again, cows should 
gain prior to parturition, especially the last six 
weeks. The most important management consid-
eration after calving is to ensure forage is not 
limiting. Supplementation during this period can 
be difficult as cows start "chasing green." and 
may not consume the supplement. 

What to supplement. What to supplement is 
largely a matter of operator choice, availability 
and cost. In lot-fed situations where quality of 

feed is somewhat uniform and can be measured or 
estimated, least-cost supplements can be devel-
oped. Under range conditions forage quality is 
variable and changing. A lot of range supplemen-
tation is based on past experience and perform-
ance goals. The objective is to meet the animals 
protein requirement and feed enough energy to 
meet production goals. 

Supplements can be classified as roughage 
(alfalfa), protein concentrates (cottonseed meal), 
energy concentrates (corn), or commercial mixes 
(breeder cubes). 

• Concentrate energy (corn) fed alone is a 
poor supplement for winter range. Energy 
supplementation reduces the efficiency of 
utilization of fiber, reduces total voluntary 
intake of forage, and decreases efficiency of 
production. 

• Since protein often is the limiting nutrient 
in range forage, supplementation can be 
expected to increase range forage intake 
and utilization. Consider the solubility of 
the protein. Most plant sources of protein 
(alfalfa to oilseed meals) furnish adequate 
ammonia in the rumen and provide escape 
protein that is hydrolysed in the true stom-
ach and absorbed in the small intestine. 
Some sources are less soluble than others. 
For example, the nitrogen (N) in cottonseed 
meal is less soluble than the N in soybean 
meal. Animal by-products are insoluble 
sources of N. 

• Non-protein sources of N, like urea, provide 
a source of ammonia for micro-organisms, 
but the amount converted to microbial pro-
tein is directly related to availability of 
energy. The rate of release of energy in win-
ter forage is slow and most ammonia is 
absorbed directly into the bloodstream, con-
verted to urea in the liver and excreted in 
urine. Urea should not be fed to animals if 
more than maintenance is expected. Urea 
may be toxic. Urea is poorly utilized in win-
ter supplements. Utilization of urea will 
range from 20 percent to 50 percent of the 
value of natural protein. 

• If the energy content of range forage is low, 
as is often the case with the tall, warm-
season grasses, some form of energy sup-
plementation is required after protein re-
quirements are met. Avoid highly soluble 
sources of concentrate energy or animal fat. 
The rate of release of energy from starch can 
be slowed by minimal processing. In doing 
so, energy released from the supplement is 
used more efficiently. 

• Natural protein supplements (containing 
no urea) can be fed once or twice a week. 
However, energy supplements, including 



breeder cubes, should be fed at least every 
other day. 

Supplementation of range animals is not an 
exact science. The environment is too variable to 
make long term predictions about animal response 

to a supplementation regimen. The important 
question is, "What is the condition of animals now 
and what is the production goal?" The operator 
could use some of the principles outlined above to 
help adapt the feeding regime to a changing 
environment and attain production goals. 


