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PURPOSE 

This report was prepared for administrative use with the intent to draw 

together available information on urea and its growing use in the cattle and 

sheep feeding industry. Since much of the basic data needed was not readily 

available, conservative estimates of urea usage now and by 1970 were made. 

Published prices for urea were used in this report. However, it 1s quite 

possible that urea prices, by negotiation between buyers and sellers, are 

lower than assumed. if negotiated prices are widespread, more urea may be 

used than indicated herein. 
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SUMMARY 

Urea is a nonprotein nitrogen compound which is changed in the rumen into 

complex proteins by microorganisms which convert this material into their 

celiular structure. These microorganisms are then digested by the ruminant 

host, thereby supplying protein to body tissues. Urea furnishes no energy, 

vitamins, or minerais in the diet. 

Scientific literature over the last 50 years contains hundreds of refer- 

ences stating the usefuiness of urea in feeding cattle, sheep, and other 

ruminants. 

Two grades of urea are commercially avaitabie, fertilizer grade (46 percent 

nitrogen), and feed grade (42 percent nitrogen). The protein equivalents 

are about 290 percentrand 262 percent, respectively., Fertilizer urea with- 

in limits is nontoxic to plants and ruminant animals, but feed urea is 

toxic to some plants. One pound of urea pius 6 pounds of corn (or other 

feed grain) is equivalent to and can be substituted for 7 pounds of soybean 

meai. In some supplemental rations, molasses is substituted for feed grain. 

Sale of urea as a feed supplement is reguiated under feed control iaws in 

most States. In general, if equivalent protein from urea exceeds one-third 

of the total crude protein, the iabel shall bear a statement of proper usage 

and the following statement: “WARNING: This feed should be used only in 

accordance with directions furnished on the labe:."' Most feed manufacturers 

keep the amount of urea below the level for which the warning would be 

required. 

The amount of urea used in miik-cow rations (complete feeds) should not, and 

need Otay excecd. 2. percent of the concentrate ration. For beef cattle and 

sheep, the amount of urea should not exceed 1 percent of the concentrate 

ration. 

World urea production capacity by January 1, 1966 wiil be about 10 million 

tons per year, a fivefold increase since 1959. Most urea produced in nations 
other than the United States is, and probably wiil be, used as a fertilizer 

applied on focd crops, and thus does not compete with oilseed meals in live- 

stock feeding in those nations. 

U. S. imports of urea amounted to 200,000 tons in 1963, a threefold increase 

since 1957. Aithough data are not availabie to indicate how much imported 

urea is used for feed, some trade sources indicate as much as a third may be 

so used. This would be in addition to domestic production used for feed. 

About 142,000 tons of urea from domestic production.was feed grade in 1963, 

equivalent to 760,000 tons_of—seybean.meal. If as much as a third of the 

imported urea (or 70,000 tons) was used for feed, at least 210,000 tons 

(1,125,000 tons soybean meal equivalent) from these 2 sources would have 

been used. In addition, an undetermined about of fertilizer urea probably 
was used for feed. 

The feeding of urea as a source of protein has gained in importance for 

cattle feeds because it has been cheaper than oilmeals. During the last 7 
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years, a substantial saving in cost of protein supplements would have 
resulted by substituting a grain-urea mixture for soybean or cottonseed 

meal. During the last 2 years, well over 25 percent could have been saved. 

Also many feeders have learned how to utilize urea safely and effectively 

in their rations. A carbohydrate-rich feed is needed with urea to provide 
a quick source of energy for microorganisms that utilize the urea in the 

rumen. Also vitamins and minerals must be added because urea does not 

contain these elements as do the oilmeals. 

The use of urea could have been expanded, by at least 40 percent, in the 

current feeding program. 

By 1970, at least 275,000 tons of urea could be used for feed--195,000 tons 

of feed grade from domestic production and 85,000 tons from imported urea 

and fertilizer urea. This tonnage is equivalent to about 1.5 million tons 

of soybean meal--about 20 percent of the consumption of high-protein meal 

projected for 1970. 

The cost of urea may be reduced as much as 40 percent or more within the 

next 10 years by economies of large-scale production, by reduced freight 

costs because of plants being more strategically located, and by increased 

numbers of producing piants. 

iv 



FEED USE OF UREA IN THE UNITED STATES 

Urea for Ruminants 

Urea iS an organic chemical compound which occupies a unique position in 

chemistry and nutrition. It was first synthesized by the German scientist, 

Woehler, in 1828. It is a nonprotein nitrogen compound having the formula 

N,H,CC. In pure form, it contains approximately 46.7 percent nitrogen and has 

a protein equivalent of about 290 percent. 

In 1918, a German scientist, W. Voltz, demonstrated that sheep could uti- 

lize urea. He added urea to a protein-poor ration and found that adult sheep 

maintained body weight and lambs gained in weight. Following this discovery, 

many investigations were made to check on various phases of the problem. In 

1937, Fingerling added convincing proof that urea can be utilized by calves to 

supply part of the protein needs for growth. In 1936, studies were initiated 

at the Wisconsin Agricultural Experiment Station by Hart and his associates. 

Since that time, many.studies. have been reported by research agencies of this 

country. Work has been principally with dairy cattle, sheep, and beef cattle 

of various ages under various conditions extending from winter ranges to inten- 

Sive dairy farming. In hundreds of references available in scientific litera- 

ture, the usefulness of urea for cattle, sheep, and other ruminants is abundantly 

demonstrated. During World War I1, use of urea as a feed supplement rose to 

Significant proportions under pressure of protein shortages. 

In mammais, urea is one of the main products resulting from metabolism of 

proteins and thereby iS a)principal excretory product. The reverse product by 

which urea added to feed is converted into protein occurs only in ruminants 

through the medium of microorganisms. in the rumen, microorganisms, with the 

ability to use simple compounds in the building of complex living matter, 

utilize nitrogen in urea to build up the proteins of their cells. Since the 

iife spans of microorganisms are short, the dead ceils are availabie to be 

digested in the alimentary tract of the ruminant host, thereby supplying pro- 

tein to body tissues. Other simple nitrogen compounds can iikewise serve as 

nutrients for these microorganisms. 

Nitrogen Content of Urea 

Whiie urea contains over 46 percent nitrogen, feed urea because of added 

conditioner is only about 42 percent mitrogen, which is equivalent to 262 

percent protein. (ne pound of feed urea contains as much nitrogen as 6.4 

pounds of cottonseed or soybean meal of 41 percent protein content. As an 

illustration, a steer weighing 700 pounds requires approximately 12 pounds of 

totai digestible nutrients and i.4 pounds of digestible protein daily. A 

ration of 11 pounds of corn, 6 pounds of mixed hay, and 1 pound of cottonseed 

meal would meet these requirements. If cottonseed meai is omitted, 0.16 pound 

of urea couid be added as nitrogen replacement, and about 0.8 pound of addi- 

tionai corn would be needed to replace the energy of cottonseed meai. Urea 

adds nitrogen but no energy, vitamins, or minerals to the feed. In lieu of 

corn, 1 pound of molasses may be added. These additions then replace the 

nutrients lost by removal of cottonseed meal from. the ration. Thus, 1 pound 

of urea and 6 pounds of grain replaced 7 pounds of 41 percent protein meal. 



Comparatively small amounts of urea are required to satisfy protein requirements 

of cuminants under average conditions. In the example just cited, percentage of 

urea in the total ration is only 0.9 percent and in the concentrate portion 

about 1.3 percent. 

a RS EE 

The following definitions and standards for regulation of use of urea in 

feed mixtures are taken from the 1965 edition of the Official Publication of 

the Association of Feed Control Ufficials: 

"Urea is predominantly urea but may contain other non-toxic 

nitrogenous compounds which are present as by-products from 

the commercial synthesis and processing of urea. It shall 

contain not less than 45% nitrogen (equivalent to 281.25% 

crude protein). If it contains less than 45% N but 41% or 

more N it shall be designated as 'Urea and Conditioner(s).' 
If the name of the conditioner(s) does not appear in the 

product name, the ingredient listing shall contain the spe- 

cific name of the conditioner(s). 

"If the urea and conditioner(s) contribute more than 0.5% 

conditioner(s) to the mixed feed, the conditioner(s) shall 
be named in the mixed feed ingredient list. (Proposed 1958, 

Amended 1962, 1963, i964). 

"Urea is an acceptable ingredient in proprietary feeds for 

ruminant animals only and shail be considered an adulterant 

in proprietary feeds for other animals and birds; the maxi- 

mum percentage of equivalent protein from non-protein nitro- 

gen must appear immediately below crude protein in the 

chemical guarantee; and urea must appear in the ingredient 

list. If...more than 8.75 percent of equivalent protein (in 

a feed) comes from urea or if the equivaient protein from 

urea exceeds one-third of the total crude protein, the label 

shail bear (1) a statement of proper usage and (2) the 
following statement in type of such conspicuousness as to 

render it likely to be read and understood by ordinary 

individuals under customary conditions of purchase and use: 

"WARNING: "This feed should be used oniy in accordance with 

directions furnished on the label." 

Factors Affecting Efficient Utilization of Urea 

Experimental work on efficiency with which urea is utilized in the diges- 
tive tract of cattle and sheep has shown varying values depending on diet, 
level of protein in the original ration, level at which urea is fed, and other 
factors. As is true with protein feeds generally, better efficiencies are 
obtained with reduced or minimum levels than with exceedingly high levels. 
Ingredientsmane the diet aresalso importante) carbohydrate-rich feed is needed 

to provide a quick source of energy for microorganisms. Corn serves this pur- 

pose very satisfactorily. Small amounts of molasses are also effective and are 

much preferred oOvere l'a.xc g es amounts. Relatively: 1 e's s utfea. 

-2- 



nitrogen is digested and absorbed by the animal as formed protein products 

than is digested and absorbed from natural feed protein nitrogen. Higher 

comparative utilization figures of 80 percent and above generally occur when 
urea allowance is on the low side. Attempts to equal or exceed, by substi- 

tution of urea, optimum animal production records achieved by feeding liberal 

levels of natural protein supplements have not been fully successful as yet. 

Nevertheless, daily gains and total feed utilization per unit of gain are 

very satisfactory. Urea can be used to the best advantage in a mixed feed 

for feeding livestock which are also receiving a fairly liberal allowance of 

concentrate mixture). 

Problems in Urea Usage 

Urea is a toxic product in the sense that the animal body cannot tolerate 

accumulation of large amounts, and normally excretes, through. the urine, the 

urea resuiting from the metabolism of protein. Repcrts have shown damage to 

the kidneys and poisoning of cattle and sheep that have been fed high doses of 

urea. In urea poisoning, urease in the rumen breaks down urea to ammonia 

faster than it can be utilized by the microorganisms. Excess ammonia is taken 

into the blood stream resulting in a toxic condition which may resuit in death 

of the animal. The range between a toxic dose and amounts recommended for 

protein replacement, while) 1 not _\ yt very. ‘wide, is 1s st “still | sufficient under _g00d ¢ Col 

trol and reasonable care in formulation and mixing of diets, to preclude 
dangers of poisoning. Proper mixing and close supervision of operations are 
essential in safeguarding feed mixtures containing urea. 

After determining that the quantity of urea in a diet is not excessive, 

a further essential is to provide sufficient moiasses, feed grain, or other 

carbohydrates to furnish those essential nutrients, lacking in urea, but 

present in oiimeals. 

Urea in Feedlot ations 

Urea has been used in feeding beef cattle on pasture and range and in the 

feedlot. In the feediot, generous levels of concentrates are ordinarily fed, 

thus permitting the mixing of urea with the other feeds. A common method is 

to add a mixture of urea and molasses to the rest of the concentrate or ground 

portion of the ration. Many large feediots have their own mixing equipment 

and can make up rations according to formula using any desired ingredients. 

As much as 0.35 pound cf urea per head per day has been fed to steers with good 

results, but this amount is generally in excess of requirements. Usually 0.25 

pound of urea or even less is sufficient. Perhaps one reason why maximum gains 
are not obtained with urea as with cottonseed or other protein meals is because 

the appetite stimulation achieved by naturai protein feeds is lacking in urea. 

Therefore, it is important to select an appetizing mixture for use with the urea 

supplement. In recent iowa experiments with fattening steers, soybean meal, 

urea, and molasses were compared singiy and in combinations as suppiements to 

shelled corn and hay. Supplementation with urea produced average daily gains 

of 2.5 pounds per day, which was equal to soybean meal gains and considerably 

cheaper under prevailing price conditions. 



Urea_in Wintering ations 

In many areas, supplemental feeding of 1 to 2 pounds of cottonseed or 

soybean meal per head to range cattle during winter months is common practice. 

A pelleted mixture of urea, molasses, and ground grain has been as effective 

in Oklahoma experiments. A mixture with a protein equivalent of 25 percent 

has given very good results. Such a mixture has been used successfully as a 

supplement in the feedlot also. 

One of the most effective ways of using urea is in winter rations of cattle 

either for maintenance of mature stock or for growth of young heifers and steers 

With urea, use can be made of low-grade dry roughages such as corn cobs, oat 

straw, soybean straw, and poorer grades of hay along with various silages, if 

adequate readily available carbohydrates are also present in the ration. Other- 

wise, poor utilization of urea wiil occur. Molasses is a valued supplement for 

supplying available carbohydrates and for improving the palatability of the 

ration. Combinations of urea, molasses, and roughages, plus mineral and vita- 

min A supplements, provide for maintenance of mature animals, or in case of 

young stock desired growth and development. Feeding tests at Purdue Agricul- 

tural Experiment Station have demonstrated economies which can be achieved by 

use of various combinations of these low-grade feedstuffs. 

Urea in Lamb Rations 

In feeding lambs, results have not been as uniformly good as with beef 

cattle. Tests in Illinois showed good utilization of urea as long as total 

protein equivalent was kept at a medium level of around 12 percent. New York 

experiments showed that addition of the amino acid (methionine) to a diet of 

urea, corn grain, corn silage, and hay brought considerable improvement over 

those with urea alone and approximated results with a natural protein supple- 

ment. As in the cattle tests in Oklahoma, a pelleted supplement containing 

the equivalent of 25 percent protein was satisfactory for lambs. 

Urea _ in Dairy Rations 

Results of experiments using urea as a protein substitute in feeding dairy 

cows for milk production have been variable. Resuits from Wisconsin and 

Massachusetts have shown that urea is effective in replacing protein in the 

grain ration of dairy cattle, while results from England and Norway have not 

been so encouraging. 

At Wisconsin, where urea was used to increase protein ievel of the grain 

ration from 10 to 18 percent, almost as much milk was produced as when linseed 

meal was used to increase protein content of the grain ration to 18 percent. 
Timothy hay and corn silage were fed as roughages. 

In England, in extensive experiments with 274 cows, addition of enough 

peanut meal to increase protein content of the ration from 12.9 percent to 17.9 

percent resulted in a significant increase in milk production. On the other 
hand, the addition of enough urea to the same ration to increase the protein 
equivalent to 17.9 percent resuited in no significant change in the milk 
production. Furthermore, when more than 3 ounces of urea wereifed per day, 



there was a depressing effect on miik production. Because of the paiatability 

problem, concentrate mixture should not contain more than 2 or 3 percent of 

urea. 

Most experimental data indicate that urea is not effective when added to 

high-protein grain rations for milk-production purposes. Thus, urea should 

not be added to concentrate rations already containing 14 to 18 percent protein. 

It is most effective when added to grain rations containing 10 percent or less 

protein, or when added to rations containing only home-grown grains. When 

high-protein forages, such as good quality aifaifa hay, early cut grass, legume 

mixtures, or grass silage are fed along with home-grown grains, addition of 

urea or any other high-protein concentrate would probably not increase milk 

production. 

For growing dairy stock and for maintenance of dry cows, recommendations 

for feeding urea to comparable classes of beef cattle may be followed. 

World Urea Production Capacity 

World production capacity for urea will have increased nearly fivefold 

from 1959 to 1966 according to estimates published in Chemicai Week (table i). 
Production capacity was about 2.1 million tons in 1959 and wiil be about 9.9 

miliion tons by 1966. Although the source for this information indicates these 

data are worldwide, the capacity which is or probably wiil be installed in 

Russia and its sateilite countries is probably omitted. 

Nearly all of the urea produced in nations other than the United States 

is used for fertilizer. As such,it is not directly in competition with oilseed 

meals in livestock production in those nations. It is used primarily to stimu- 

late production of food and other cash crops and only to a limited extent on 

forage crops. 

U.S. Imports and Exports of Urea 

U.S. imports increased from about 60,000 tons in 1957 to more than 270,000 

tons in 1964 (table 2). Exports increased from 68,000 tons in 1958 to nearly 

67,000 tonsein-L962, but tin 1963. declined to less. than. 33.000. tons. .In_1964, 

exports increased to about 37,000 tons. No data are available on the amounts 

of imported urea used for feed. Some individuals in the trade believe that ail 

of the imported urea is used for fertilizer and industrial uses. However, other 

sources have suggested that as much as a third was used for feed. If a third of 
imports was used for feed, the soybean meal equivalent of inshipments of urea 

used for feed would have increased from 106,000 tons in 1957 to about 355,000 

tons in 1963. This amount from imports would be in addition to that shown in 

table 3 from domestic production. Thus, about 1.2 million tons of urea (soy- 
bean meal equivalent) may have been used for feed in 1963. 

Urea Situation in U.S. 

In calendar year 1963, sales of all urea (46 percent nitrogen basis) from 

domestic production (that is, excluding imports) totaied 1,015,000 tons, or 

nearly three times the sales in 1956 (table 3). Of this total, 80 percent was 

eS 5 - 



Table i.--Industrial capacity for production of urea, United States, 

Japan, Western Burope, and other nations, 1959, 1963, 1966 1/ 

a ren ne 2 

e - e 
° e e 

Nation : 1959 . 1963 : 1966 2/ 

1,000 Pere 1,000 Per- 1,000 Per- 

tGns ?= "cent tons ~ cent tons cent 

Ui (Od tbe Sa aaa F 814.8 Sop OF LOU 21.7 1,445.4 14.6 

ENO ih eS Ie E G7 oh! SHEE ARES BY 6 25.2 1,494.9 Lon 

Western Europe------ : 459.9 2169 GW 49959 20.3 1,89009 19.1 

Other ina tvons =. se : 46.2 aca obese 2458 | 9,066.0 on pee 

cL Oita ec ee 2 2,100.0" 16050 9 15,5007 On e000 ma 007 OOO TO 

ae ne eee a Se hes Se em PEE ee ee SE nee ee ee 

1/ Taken from chart in Chemical Week, April 25, 1964, p. 186. 

2/ Estimated. 

Table 2.--Urea:. Exports and imports, United States, 1957-1964 

ee re er es ee ee ce Se 

Calendac 
oan Imports Exports 

Tons Tons 

A WO Fe (aoe atte pe lla 5 59,241 NA 

NSS Raton heyy car ye mere : 48 , 706 68,170 

NS Be! Cale cae tae cn =p oniigede- Pater 4 03 ,0a0 64,574 

DG as a a a ae : 82,134 66,380 

VO 6 be ee ee 5 107 ,0O18 fea Mere 

LO 62 ar ee : 188 ,040 86,742 

NUE 6 TS oaretednalenien pier et gl aa 198 ,834 SZ had 

19646555 S632 es 21,455 37453 

e 
Ca ne ee ee: ee i ~— 

Compiled from reports of the U.S. Tariff Commission. 
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used for fertilizer, 13 percent for feed, and 7 percent for industrial use. 

Sales of fertilizer urea in 1963 (solid and liquid combined) amounted to 

813,000 tons, nearly four times the sales 7 years earlier. Imported urea used 

for fertilizer would be in addition to sales from domestic production. Data 

for 1964 production and sales of teed-grade urea are expected to be released 

in August 1965. 

Sales of feed-grade urea also have trended upward since the middle 1950's. 

In 1963, sales of feed urea (46 percent nitrogen) totaled nearly 130,000 tons, 

14 percent above 1962 and a little more than doubie the sales in 1956. The 

1963 sales would be equivalent to 142,000 tons of urea on a 42-percent nitro- 

gen basis. Both fertilizer urea and feed urea can be utilized in feed formu- 

lation. Data are not availabie to indicate how much fertilizer urea is 

diverted into formula feeds. 

Consumption of Urea and High-Protein Feeds 

The 142,000 tons of feed urea (42 percent nitrogen basis) sold in 1963 

from domestic production would be equivalent to approximately 760,000 tons of 

44 percent soybean meal.1/ Imported urea and domestically produced fertilizer 

urea used for feed would be in addition. 

The quantity of high-protein feed fed to ali cattle and sheep has trended 

upward sharply in recent years. The 5.6 million tons fed in October 1962- 

September 1963 was 8 percent more than the year before and about 50 percent 

more than 7 years earlier (fig. 1 and table 4). Sales of feed-grade urea have 

increased at a faster rate than high-protein feeds consumed by cattle and sheep. 

In 1963, urea used for feed--in terms of 44 percent soybean meal equivalent-- 

was equal to about 20 percent of oilmeals and grain proteins consumed by cattle 

and sheep, compared with 9 percent in 1956.2/ The expansion in beef cattle 

feeding operations and increased dairy cow feeding rates have contributed to 

more protein feeding. In recent years, the increase in sales of feed urea also 

has been infiuenced by the rise in sales of commercially-prepared beef cattle 

and dairy cattle feeds, and by price relationships between urea and oilseed 

meals. 

Oilmeals Fed to Cattle 

Oilmeais fed to cattle have increased at a faster rate than numbers of 

cattle on farms (fig. 2). The oilmeals, which include soybean meal (table 5), 

cottonseed meal (table 6), linseed meal, peanut meal, and copra meal have been 

1/ A pound of feed urea (42 percent nitrogen) is potentially equivalent to 

2.62 pounds of protein, expressed on the basis of protein as a 262-percent 

protein feed ingredient. Assuming 90 percent is used to replace oilseed meals, 

this would be equal to about 5.36 pounds of oilseed meal carrying a protein 

content of 44 percent. 

2/ In this calculation, a third of imported urea was ailocated to feed and 
added to the domestic production of feed-grade urea. No allowance was made for 

use of fertilizer urea for feed. Sales from domestic production of feed-grade 

ucea in 1963 was equal to about 13 percent of oilmeais and other high-protein 
feeds consumed by cattle and sheep. 
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Table 5.-7Soybean meaii consumed, by kinds of livestock, 1950-63 

oe : : 2) Other “~s “fotal soy> 

: Sheep : Hogs :Poultry :livestock: bean meal 
z 2 . i 

Year beginning : Dairy Beef 

October 1 nee cattle : cattle ; : : i Poa 

: 1,000 1,000 1,000 1,000 1,000 1,000 1,000 

i tons tons tons tons _tons tons tons 

1950------------: 401 595 25 IE ACLOR) 3,055 BAS Sl felts) 

1951------------ : 530 335 10 1,475 2,970 B20 5,640 

1952------------; 726 195 20 1.434 72,040 195 ae 
IQS ges cS SSS SsS= Z 434 240 20 29h 2,810 170 4,965 

LOG SSS SSS SSS : 552 600 20 e220 BOS) 220 5,428 

1955-=-=--------; 568 AO 153 925 3,396 290 6,042 

[LQSGreSeSSSenSas 2 784 860 170 950 4,039 290 T2093 

1957------------ ai O25 841 ie I 20m eras SG 340 7,962 
1958------------: 1,100 957 155 137 1 9 4" 510 345 8.938 
1959------------; 972 1,346 158 1) 2400 4 esa 348 8,450 

1960 ON hal mad ae 1,266 977 178 1,684 4,509 PLE Ms OM ONG 

1961 2/--------- eet O10 1.453 167 1,968 4,196 238 239 
1962 ad ne ate vig ie: 2o 1 AO?e He Fete) 193 Le 4,260 256 9,556 

1963 27, SSS Peete ATs de ig, 22 1,290 4,458 286 9,100 
— nce en ee re ee ee a ee eR ee ce ae ee ee a es, 

i/ Includes horses and muies, miscellaneous livestock on farms, and all livestock 

not on farms. 2/7 Subject to revision. 

Table 6.--Cottonseed meai consumed, by kinds of livestock, 1950-63 

: Other :All cotton- 

Sheep : Hogs :Poultry :livestock: seed meal 
: : i : fed _ 

Year beginning © Dairy ° Beef 
October 1 , cattle | cattle 

2 
e i e 2 

a A ET a RS eS | a en er ~ oa 
° 

EE Sg a 

1,000 1,000 1,000 1,000 1,000 1,000 1,000 
: tons tons tons tons tons _tons tons 

LD Oe So ee : 470 935 40 195 100 113 ee 
OS Fs Be ede tat ra} 550 140 60 140 100 260 2,650 
$092 So pee Ta ae : 729 1,465 50 142 100 185 epOnL 
L325 ne a : 901 P20 a) 150 100 200 2,926 
LO 4 ae : 780 Leora a5) 150 100 150 2,405 

10 3 sae es 5 ee : ifewe 1,190 46 310 98 110 2, Lt 
19562-27435" s5= : 552 963 25 470 100 110 LEAS) 
tS OM fie alg 2. set te : 470 937 25 305 250 110 2,097 
LOS 8 es eee : 550 990 38 200 300 120 2,198 
100 Oe esa a : 600 990 AL Ved 400 Ie Ke) 2, OW 

190082 (aaa : 590 Aires: 50 132 425 116 2,498 
196) ¢2/~=—22 === 590 BRA ts, 50 LO? 450 i120 2,622 
1 O62) 2 ae a eae : 649 L069 ahi 198 CFS) 129 Selle 
19.63 3/ eee S aaa : 642 1,020 68 250 460 130 2,600 

i/ Includes horses and mules, miscelianeous livestock on farms, be all live- 
stock not on farms. 2/ Subject to revision. 
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the chief sources of new high-protein feeds. Of the oilmeals, soybean meai 
has increased the most in quantity. Since 1950, consumption of oilmeals by 
cattle has increased at a faster rate than consumption of oilmeals fed to 
poultry (tables 7 and 8). Consumption in 1961-1963 had increased about 65 
percent for beef cattle and about 50 percent for poultry compared to consump- 
tioned 195051053. 

The rate of feeding oiimeals to cattle (all oilmeais fed divided by all 
cattle and calves) increased from about 60 pounds per head in 1940 to almost 
100 pounds during the last 5 years. Probably a chief cause of this has been 
increased grain feeding of cattle with a shift to a grain and supplement 
ration, with less reliance on forages and pastures in the fattening period. 
From 1954 to 1963, average live weight of cattle Slaughtered under Federal 
inspection increased nearly 90 pounds per head. 

While the amount of protein fed has approached requirements for growth 
and fattening (table 9), rates of feeding oilmeals to cattle have continued 
to increase during the last few years. The rate of increase was preatersin 
the last 10 years than in the previous 10 years. This is shown by the two 
least-squares lines fitted to the data for 1940-52 and 1953-63 (GOs ee Re 
The inclination of the latter line is greater than the former. Apparently 
more cattle are receiving a grain ration, including a protein Supplement, 
before slaughter and are being fed more concentrates per head. 

The increase of large feedlots where thousands of cattle are fed rather 
than hundreds has sharpened the economy of feeding. Such lots are not sub- 
Sidized by other farm enterprises, and small economies in such large operations 
can return substantial extra profits. New technology has been adapted rapidly 
to favorable feeding conditions. Economies can be more readily realized with 
the large feedlots than with the smaller ones, where often only a saie for 
surplus forage and grain was being sought. 

Eventually the rate of use of protein supplements per head should ievei 
off as requirements are met and the full effect of the use of grain rations is 
feit. Requirements per head form a ceiling for economical use of protein 
Supplements. It is in large feedlots that substitution of urea for natural 
proteins could most easiiy take place, and perhaps in those smail feediots 
where a mixed protein suppiement is purchased from a commercial feed manu- 
facturer. The latter feedlots would hardly be large enough to obtain the 
full economy from the substitution of urea for oilseed meals as a source of 
protein, if they must reiy on small, possibiy inefficient, feed-mixing equip- 
ment not well adapted to the mixing of molasses and urea. 

Urea Piices 

The U.S. Department of Agriculture does not compile prices of urea, but 
Since 1960, various trade papers have published wholesale prices of bagged 
and bulk urea used in feeds. During the last 4 years, wholesale prices of 
urea have been very stable--averaging from $95 to $100 per ton for bagged 
42-percent feed-grade urea delivered from plants located east of the Rockies 
(table 10). Price of urea for bulk shipment is generally about $5 per ton 
below that of bagged urea. Urea prices before i960 probably were no higher 
than the prices in the last 4 years. Although the above price quotations 

= 13> 



Table 7.--All oilseed meals consumed, by kinds of livestock, 1950-63 

~ eee Sao cere 

Year beginning 

October 1 

i/ Includes horses and mules, miscellaneous livestock on farms, and all livestock 
not on farms. 

ee eee 

Dairy 

Cattle 

L000 

tons 

1,069 
1,470 
1,685 

Beef 

cattle 

1,000 

tons 

1,660 
1,940 
1,825 
1,880 
1,920 

2,076 
20026 
2,038 
2. 305 
2,500 

2,454 
2,963 
3,021 
20710 

—_ 

Sheep : 

1,000 
tons 

65 

70 

70 

fae 

i> 

TS) 

195 

198 

LOS 

Zee 

235 

EERE 

255 

306 
ae: 

1,000 

tons 

2,090 
1,830 
egal 
1,671 
1,601 

pb archers 
1,545 
1.707 
DEVS 
1,530 

1,916 
2 AST 
2,048 
1,620 

1,000 

tons 

3,305 
35220 
3,195 
3,060 
3,085 

3,657 
4,304 
4,628 
4,830 
4,798 

4,949 
4,661 
4,749 
4,928 

2/ subgect LO4revision: 

oe 

: Other 

—_ 
a ere 

1,000 

tons 

470 

599 

400 

390 

390 

400 

400 

450 

465 

466 

339 

360 

388 

420 

Table 8.--Oilmeais fed to livestock, United States 

Year A 
Dairy 

cattle 

es _—(1950=53=100) 

: cattle ? Poultry 
91 103 

106 TOL 

100 100 

103 96 

105 97 

i14 sr hes 

Vial Los 

ill 145 

bZ6 151 

BST 153 

134 155 

174 146 

Li 3 149 

148 PSS 

- 14 - 

ies 

: : * Ail oiisee 
Hogs :Poultry aL NGs goa Bees 

meals fed 

1,000 

tons 

8,659 
9,129 
8,916 
8,676 
8,521 

S179 
10,024 
10,766 
19.774 
ale ee) 

11,950 
12 , 376 
12 , 630 
12,200 

es 

; All oilseed 

meals fed 
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reveal a considerabie stability in urea prices, unofficial reports indicate 

that some urea is being sold at somewhat lower prices--especially whe re 

discounts are offered for volume purchases. 

Cost of Grain-Urea Mixtures 

Compared With Oilseed Meals 

For the last 13 years, the differences between the annual prices for 

soybean and cottonseed meais and for grain-urea mixtures equivalent to these 

Oilmeals have ranged from $22 in 1962 to -$2.65 in 1956. These prices are not 
exact measures of differences in costs between grain-urea and oilmeals because 
feed ingredient prices vary seasonally and by areas. Also the quantity of 

urea used to replace natural protein varies according to kind of ration being 

formulated. In place of corn as an energy source, other types of carbohydrates 
could be used which would change the relative costs of a ration containing 

urea. However, these prices are illustrative of year-to-year changes in the 

relative cost of grain-urea mixtures compared with soybean meal and cottonseed 

meal. 

In the Gctober 1951 to September 1952 feeding year, prices of soybean meal 

were high in selation to the price of corn-urea mixture. Soybean meal at 

Chicago averaged $17.25 per ton more than corn-urea mixture. From 1952 to 

1956, this difference gradually declined to about $4.20 per ton. This period 

was characterized by falling prices in both corn and soybean meal, with meal 

prices declining at a somewhat greater rate than corn. [In the later 1950's, 

the advantage of urea over soybean meal varied from a -$2.65 per ton to a 

+$6.70 per ton. During the last 4 years, soybean meal prices have increased 

more than corn-urea prices (fig. 4). In 1960-61, the difference between 

corn-urea and soybean meal was about $14 per ton, rising to a little more thar 

S20 ein, 1962-63. and 7963-64. 

During October-March 1964-65, the spread between prices averaged aboit 

$18 per ton, $8 below a year earlier, because of rising corn prices and 

declining soybean meal prices. Since 1955-56, the cost of corn-urea has been 

very stable, ranging between $50 and $57 per ton. Soybean meal prices in this 

period ranged from $54 per ton in 1956-57 to around $75 in 1962-63 and 1963-64. 

A similar comparison of prices of sorghum grain-urea mixture and cotton- 

seed meal in table 11 shows a price advantage varying from $0.20 per ton in 

1959 to $18.60 per ton in 1962. 

Annual sales of urea have increased consistently in the last 7 years. 
The sales, although influenced by grain-urea and oilmeal prices, have not 
been controlled by these price relationships. The comparisons indicate that 
in general, price relationships have been such as to encourage the feeding of 

urea. 

Competition With Urea 

In the United States, two major oilmeais compete with urea in cattle 
feeding--cottonseed and soybean meals. These are found in rather distinct 
geographical areas. Cottonseed is produced in the cotton areas as a joint 
product with cotton, but secondary to it. These areas include the South and 

- 18 - 
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Southwest. Cottonseed meal is ordinariiy the cheaper of the oilmcaic in these 
areas (fig. 5). Here, urea would compete with cottonseed meal in cattle feeds. 
Cottonseed meal is used in small quantities in poultry and hog feeds in these 
areas, but its principal use is in cattle feed. 

In the Corn Belt, where soybeans are grown and soybean meal is the lowest- 
priced, urea would, of course, compete with the soybean meal in cattle feeds 
(fig. 6). However, soybean meal has a definite advantage since feedlots tend 
to be smaller and urea would have to be purchased in mixed supplements for the 
most part. Other areas in which soybean meal forms the basis of most of the 
protein supplements include the New England States, the Northern and Central 
Plains, the Mountain States, and to some extent the Pacific Northwest. 

In the Mississippi Delta and other southern areas where both soybeans and 
cotton are grown, urea would compete with both of the major oilseed meals since 
both are available locally. But in these areas there are not many large cattle 
feeding lots. The largest lots are found chiefly in Nebraska, Colorado, Kansas, 
Oklahoma, Texas, California, New Mexico, and Arizona. 

Formula Feed Production 

Formula feed production in 1963 is estimated by the American Feed Manu- 
facturers Association at about 44 million tons (tabie 12) an increase of 
about 10 percent since 1958. About 8.5 million tons of dairy feed and about 
5.1 million tons of beef and sheep feeds were manufactured. Probably most of 
these feeds contain urea. 

Development of Large Feedlots 

As indicated earlier, urea would most likely be used in cattle feeding 
where feedlots are of large size. Information is available to show the nun- 
Beteor cattle fed in lots of greater than 1,000 Capacity in 16 Western States 
and the number of such lots (table 13). As of January 1, 1964, about 3 million 
head of cattle were on feed in such lots in the 16 States. These cattle would 
most likely be fed urea. There are undoubtedly additional feedlots of this 
Capacity in other States not included in this survey. If the number of cattle 
fed in large Capacity lots continues to increase, the amount of urea consumed 
will also increase. 

Current Possible Usage of Urea 

Since data are not available to show how much fertilizer urea is used for 
feed, a rough and probably conservative calculation was made to determine how 
much urea could be used for livestock fed under conditions favorable to feed 
urea (appendix). 

Under the assumption that cattle on feed in lots of more than 1,000 head 
Capacity would receive urea, about 88,000 tons of urea would be used in these 
large iots. 
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Under a second assumption that large feed manufacturing companies, 

making use of computers to determine the least-cost formula, would use urea 

in all formula feeds for dairy and beef cattle, about 171,000 tons of urea 

would be used for dairy formula feeds and 51,000 tons for beef formula feeds. 

Thus, in these two assumptions, as much as 310,000 tons of urea, having 

a soybean meal equivalent of 1,660,000 tons could be fed. This is more than 

double the amount of feed-grade urea produced in this country, and about 40 

percent more than such production plus a third of the imports of urea. It 

would appear that in the 1963-64 feeding program, use of urea could have been 

expanded by at least 40 percent. Some of the 40 percent may have been provided 

by feeding the fertilizer grade of urea. 

Short-kun Projection to 1970 

Past consumption data indicate an upward trend in the consumption of oil- 

meals by cattle, the main market for urea. Oilmeals consumed by cattle per 

head increased from about 70 pounds in 1953 to about 108 pounds in i962. If 

this rate of increase were projected by fitting a straight line by least 

squares to the last 11 years and extending it to 1970, the consumption per 

head in 1970 would be about 125 pounds. This would indicate a totai consump- 

tion of 6.9 million tons of oilmeals (assuming 110 million head or cattle) 

(fie. 3) 

On the other hand, the expansion in the sales of urea has been at a some- 

what greater rate--from about 60,000 tons in 1956 to 130,000 tons in 1963. A 

projection of domestic sales for feed to 1970 would indicate 195,000 tons, 
equivalent to 1,045,000 tons of soybean oilmeal. Any imports of urea used for 

feed would be in addition. The domestic sales would amount to nearly i5 per- 
cent of the oilmeai projection of 7.2 million tons. 

By 1970, urea and oilmeals consumed by cattle would amount to about i50 

pounds per head (for 110 million head) as compared to 125 pounds per head 
(106.5 million head) in 1963-64. 

These caiculations may not give adequate consideration to imports of urea 

nor use of fertblizer urea diverted into teed,use. According ®to information 

obtained from the chemical and feed manufacturing industries, a considerabie 

amount of fertilizer ureagis diverted to feed uses Quality Gs practical lyetne 

Same except that a conditioner is added to feed urea. It is less expensive 

and of a slightly higher nitrogen content than feed urea. 

Sources in industry have indicated that the price of urea could be re- 

duced as much as 40 percent in 10 or 15 years, because transportation consti- 

tutes a iarge proportion of the present retail price. Some of this cost can 

be eliminated by establishing new plants at strategic locations. 

The process of making urea is relatively simple and well known. Some 
impetus for increased production may result from the entry of petroleum 

companies into the chemical industry and the use of byproducts for the produc- 
tion of urea. 

EAS 



Cattle on feed--large feed lots: 

3 million head of cattle on feed January 1, 1964, in lots 
with over 1,000 head capacity (0.16 pound of urea per 
head per day). 

Seda dsoOn x 0.16 = 480,000 pounds per day or 240 tons. 

e40"x 365 days = 87,600 tons of urea per year. 

Dairy Formula Feeds 1963: 

3,775,269 dairy feeds = 19.4 percent dairy formula feeds. 

19,430,512 total feed. 

19.4 percent x 44 million tons = 8,536,000 tons dairy feed. 

eepercent x 8,536,000 = 170,720 tons of urea per yeas. 

Beef and Sheep Formula Feeds, 1963: 

ier ee 11.6 percent beef and sheep formula feeds. 19,430,512 

11.6 percent x 44 = 5,104,000 tons beef and sheep formula feeds. 

oeo4sOOOex. O. OL = 21,040 tons of urea per year. 

L705720 

+87 , 600 

309 , 360 tons of urea 

x5536 

1,658,170 tons of SBM equivalent 
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