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Abstract
The United States enjoys a superabundance of food which affords the greater part of its population the luxury of selecting a diet of their choosing.  Diets range from the direct consumption of simple, relatively unprocessed foods to complex, highly-processed foods.  Consumers are frequently categorized in terms of the degree to which they consume meat or meat-derived food products.  

Vegetarians are themselves frequently categorized in terms of degree.
  Vegans, also known as Strict, Pure, Total, or Extreme Vegetarians, eat only plant foods.  Lactovegetarians eat what vegans eat and also add dairy products to their diet.  Ovo-lactovegetarians eat what lactovegetarians eat and also add eggs to their diet.   Semi-vegetarians eat what ovo-lactovegetarians eat and also add chicken and fish—though some would argue the last term is applied so broadly as to be meaningless.  
Because all potential meat products do not put on weight with the same degree of efficiency, and because some consumers elect to eat the corn, rather than the corn-fed meat, the actual choice of the diet would appear to have substantial effects on land use.  This paper takes a look at the potential effects on land use in the United States associated with a small shift in the diet preference of American consumers from nonvegetarianism to ovo-lactovegetarianism.
     

Introduction
 

It is recognized as axiomatic that it takes far greater resources to feed people animal food products than plant food products.
  It is also intuitively correct given that energy must be expended just to maintain animal life, and the fact that the entire mass of the animal is not suitable for consumption.  Put simply, the animal must be kept alive while it grows and puts on weight; and all the weight put on by the animal is not consumable meat.      
The nutritional needs of people can be met with vegetarian
 
 or nonvegetarian diets.
  People choose vegetarian or nonvegetarian diets based on a number of reasons including health, religion, fad, tradition, or on moral grounds.  Current estimates in the United States indicate 0.3-6% of the population is vegetarian.2 
 5  Polls however, may be construed to indicate a 9% level or even higher.2  Some nonvegetarians also eat a vegetarian diet from time-to-time, or even on a schedule.  Canada’s National Institute of Health indicated a surveyed value of 4% for all vegetarians in 1997--90% of whom drank milk, 70% of whom ate eggs, and 20% of whom ate red meat.
  Some people thus describe themselves as being semi-vegetarian.  Relatively few vegetarians are thought to be Strict Vegetarians (2-20% of those identified as vegetarians).1,5  
A figure of 3% will be used to represent the current incidence of ovo-lactovegetarianism.
Overview

The paper will first establish current consumption levels of beef, pork, and poultry; and the associated land use necessary to feed these animals until slaughter.  Then an examination will be made to determine the land use effects of moving the Calorie  equivalent of one percent of this meat consumption to dairy, fish, and egg consumption—traditional meat substitutes.    
Terminology

To provide an easier basis of comparison to the popular perception of Calorie intake, this paper adopts the convention of using the term “Calorie” with an uppercase “C” to indicate the amount of heat required to raise the temperature of one kilogram of water at one atmosphere of pressure one degree Celsius: 1000 gram calories or 3.968 Btu.  The “Calorie” is also referred to as the “large calorie,” and abbreviated as Cal or kcal.
Estimation of Baseline Conditions, Diet Change, and Land Use Change
Table 1 shows the levels of consumption for various meats and meat-derived foods in the United States in 1997.  
Table 1
Current Levels of Meat and Meat-Derived Consumption (1997)

(Retail Weight Basis)

	Food
	Total Pounds
	Pounds Per Capita 

	Beef Products
	17,082,067,000
	63.8

	Pork Products
	12,209,126,000
	45.6

	Poultry Products

	17,349,811,000
	64.8

	Egg Products

	6,211,660,800
	23.2

	Milk Products
	155,237,970,000
	579.8

	Fish Products

	3,882,288,000
	14.5


Consumption levels represent weights as sold at retail.  Much greater weights must be achieved at slaughter to provide these retail weights which generally exclude such things as hide, hooves, and entrails.  
Because there is such a wide variety of feed rations used for livestock, a representative ration associated with a given live weight at slaughter was used for the respective meat animal groups.  Tables 2, 3, and 4 show the respective rations for representative harvest meat animals.  
Table 2
Feed Consumption Per Representative Beef Animal and Live Weight Achieved
	
	Pasture-AUM’s
	Pasture-Pounds of Forage/Acre as AUM Equivalent
	Pasture- Harvested as AUM’s

Pounds of Forage
	Corn Silage-Pounds
	Corn-Pounds
	Soybean Meal-Pounds
	Live Weight Achieved-Pounds

	Cow-Calf Budget

	6.884
	1,108
	7,627
	-0-
	-0-
	119
	718


	Heifer-Steer Slaughter Budget

	-0-
	-0-
	-0-
	8,800
	2,400
	126
	650

	Composite Beef Animal
	6.884
	1,108
	7,627
	8,800
	2,400
	245
	1,368


Table 3
Feed Consumption Per Representative Pork Animal and Live Weight Achieved

	Corn-Pounds
	Sorghum-Pounds
	Soybean Meal-Pounds
	Live Weight Achieved-Pounds

	138.4
	502.8
	169.0
	260


Table 4
Feed Consumption Per Representative Poultry Animal and Live Weight Achieved
	Corn-Pounds
(60%)

	Soybean Meal-Pounds
(30%)17
	Live Weight Achieved-Pounds

	5.8
	2.9
	4.86



In total the feed requirements for each of these three meat groups are shown in Tables 5, 6, and 7 below.  These tables reflect the feed consumption of animals slaughtered in 1997.
Table 5
Total Feed Consumption Using the Composite Beef Animal, 1997

	Pasture- Million AUM’s

	Pasture-Pounds 

Of Forage

Per Acre as AUM Equi-valent

	Pasture- Harvested as AUM’s

Billion Pounds of Forage
	Corn Silage-Billion Pounds

	Corn-Billion Pounds

	Soybean Meal-Billion Pounds

	Live Weight Achieved-Billion Pounds


	214.39534

	1,108

	34.507559

	274.06725

	74.745614

	7.6302815

	42.605



	


Table 6
Total Feed Consumption Using the Composite Pork Animal, 1997

	Corn-Billion Pounds
	Sorghum-Billion Pounds
	Soybean Meal-Billion Pounds
	Live Weight Achieved-Billion Pounds

	12.527329
	45.511136
	15.2971
	23.534


Table 7
Total Feed Consumption Using the Composite Poultry Animal, 1997

	Corn-Billion Pounds
	Soybean Meal-Billion Pounds
	Live Weight Achieved-Billion Pounds

	53.424444
	26.712222
	44.766


Based on national average yields, the land required to produce the feed shown in Tables 5-7 is shown in Table 8.
If one percent of the population were to convert to ovo-lactovegetarianism, the Calories they consumed from these premium food sources would have to be replaced.  The study assumes dairy, eggs, and fish would meet these nutrition needs—at the same Calorie  levels as the displaced meat products.  In order to make this conversion, the Calorie  contents of representative foods in the three meat groups were identified as shown in Table 9.  
Table 8

Land Required To Produce Feed for Meat Animal Consumption
	
	Pasture

AUM’s
	Corn Silage
	Corn
	Sorghum
	Soybean Meal

	Beef Meat-Billion Pounds of Feed Required
	34.507559
	274.06725
	74.745614
	--
	7.6302815

	Pork Meat-Billion Pounds of Feed Required
	--
	--
	12.527329
	23.534
	15.2971

	Poultry Meat-Billion Pounds of Feed Required
	--
	--
	53.424444
	--
	26.712222

	Total Meat -Billion Pounds of Feed Required
	34.507559
	274.06725
	140.697387
	23.534
	49.6396035

	Average Yield Per Acre-Pounds
	1,108

	30,80040
	6,88840
	3,69640
	1,81940

	Land Required-Acres
	30,754,100

	8,898,300
	20,426,400
	6,367,400
	27,289,500

	Current Situation, 1997
	491,045,004


	5,727,594

Corn for silage or green chop
	69,796,716

Corn for Grain, Harvested

Acres
	8,470,353
 Sorghum for grain or seed,  Harvested Acres
	66,147,726

Soybeans for beans,  Harvested

Acres


Table 9
Calorie Content of Food Products Derived from Principal Meat Sources, and

Corn and Soybeans

	Description
	Common Measure
	Common Measure Gram Equivalent
	Commont Measure Ounce Equivalent

	Calorie Content
	Calorie Content Per Pound

	Beef, ground, 75% lean, 25 % fat, patty, cooked, broiled, NDB 11168
	3 ounces
	85
	3.00
	236
	1259


	Pork, sausage, fresh, cooked, NDB 07064
	1 patty
	27
	0.95
	92
	1549

	Turkey, all classes, meat only, cooked, roasted, NDB 05168

	1 cup
	140
	4.94
	238
	771


Table 10 shows current levels of consumption per capita for the various meat groups, how much one percent of those figures would be, and the Calorie content of that one percent.  
TABLE 10

Current Per Capita Consumption of Meat, a 1% Reduction in Per Capita Consumption of Meat and the Calorie Content of that 1%
	
	Per Capita Consumption, Pounds
	Hypothetical Consumption Reduction of 1%, Pounds
	Calorie Content of the 1% Hypothetical Reduction

	Beef
	63.8
	0.638
	803

	Pork
	45.6
	0.456
	706

	Chicken
	50.9
	0.509
	392

	Turkey
	13.9
	0.139
	107

	Total
	174.2
	1.742
	2,009


Table 11 shows how the Calories no longer consumed as meat would be made up by increased consumption of dairy, fish, and eggs on a per capita basis.  This was achieved by proportioning the 2,009 calories of reduced meat consumption per capita among the dairy, fish and egg product sectors.  The relative distribution of consumption of these products was kept the same as it was in 1997.
TABLE 1133
Per Capita Replacement of Meat Products with Likely Substitutes on a 

Calorie-Equivalency Basis
	
	Per Capita Consumption, Pounds
	Percentage of Total Pounds Consumed in These Food Groups
	Replacement Calories for Reduction in Meat Consumption of 2,009 Calories

	Dairy
	579.8

	93.89%
	1,886

	Fish
	14.5
	2.35%
	47

	Eggs
	23.2

	3.76%
	76

	Total
	617.5
	100.00%
	2,009


Table 12 shows the total amount of meat replacements that would provide the same Calorie intake as the reduction in meat consumption.
TABLE 1233
Replacement of Meat Products with Likely Substitutes on a 

Calorie-Equivalency Basis
	
	Dairy Products
	Fish Products
	Egg Products
	Total

	Per Capita Replacement Calories for Reduction in Meat Consumption of 2,009 Calories
	1,886
	47
	76
	2,009

	Population of the United States
	267,744,000
	267,744,000
	267,744,000
	267,744,000

	Total Replacement Calories for Reduction in Meat Consumption
	504,965,184,000
	12,583,968,000 
	20,348,544,000
	537,897,696,000

	Total Replacement Pounds for Reduction in Meat Consumption
	1,860,512,800

	23,833,273

	30,367,352

	1,914,713,425

	Calories/Pound
	271
	528
	670
	281


Tables 13-15 track the development of an estimate of the land required to grow the replacement foodstuffs to compensate for the reduced meat consumption.  
Using a representative dairy ration, Table 14 shows the land that would be required to produce the amounts of dairy products needed to replace what is by far the greatest portion of the reduced consumption of beef, pork and poultry.  The first step in these calculations of increased dairy production is to determine the dry matter intake necessary for dairy cattle to generate the replacement dairy products.
Table 13
Estimate of Dry Matter Intake Required by Dairy Cattle To Generate Increased Dairy Product Demand Associated with a Reduced Level (1%) of Meat Consumption
1,860,512,800 
Pounds of Replacement Dairy Products Needed
               ÷1.4

DMI  Dry Matter Intake
1,328,937,700 
Pounds of Dry Matter Intake Required by Dairy Cattle  
Table 14

Derivation of the Land Required To Provide the Increased Feed Needed To Meet the Dairy Product Component of Meat Product Replacement Associated with a 
One Percent Reduction in Meat Consumption
(Total Dry Matter Required as Meat Replacement:   1,328,937,700 Pounds)
	
	Alfalfa Haylage
	Corn Silage
	Corn
	Soybean Meal

	Dry Matter Required, Percentage
	30%
	30%
	16.9%
	17.8%

	Dry Matter Required, Pounds
	398,681,300
	398,681,300
	224,590,500
	236,550,900

	Dry Matter Intake39 (DMI)
	23.0%
	45.3%
	71.4%
	34.4%

	Pounds Required
	1,733,397,000
	880,091,200
	314,552,500
	687,648,000

	Average Yield Per Acre
	4,58426
	30,800

	6,88840
	1,81940

	Acres Required
	378,141
	28,574
	45,667
	378,036


Because fish makes up a relatively small part of the potential replacement diet (2.3%),  because most (62%) of the fish consumed in the United States is imported,
 because the great bulk of fish consumed in the United States is marine in origin
, and because the feed conversion efficiency for fish produced in farm situations is significantly greater than that achieved by meat animals, no attempt was made to estimate the land requirements to produce extra fish to replace reduced meat consumption.  The volume is too small to warrant consideration in the context of this paper.  

Table 15
Derivation of the Land Required To Provide the Increased Feed Needed To Meet the Egg Product Component of Meat Product Replacement Associated with a One Percent Reduction in Meat Consumption
	
	Corn
	Soybean Meal

	Pounds of Eggs Required as Meat Replacement
	30,367,352
	30,367,352

	Feed Conversion Efficiency (Pounds of Feed per Pounds of Eggs)

	2.5
	2.5

	Feed Required, Pounds
	75,918,380
	75,918,380

	Portion of Layer Diet17
	60%
	30% 

	Pounds Required
	45,551,028
	22,775,514

	Average Yield, Pounds Per Acre
	6,88840
	1,81940

	Acres Required
	6,613
	3,307


Table 16 summarizes the land requirements to produce dairy and egg products of the same Calorie content as the meat products they would be replacing.  
TABLE 16
Land Required To Grow Dairy and Eggs Products Replacing Meat Products

(Replacements Needed in the Form of 1,860,512,800 Pounds of Dairy Products and 30,367,352 Pounds of Eggs)
	
	Dairy
	Eggs
	Total

	Alfalfa Haylage,  Acreage Needed
	378,141
	--
	378,141

	Corn Silage, Acreage Needed
	28,574
	--
	28,574

	Corn, Acreage Needed
	45,667
	6,613
	52,280

	Soybean Meal, Acreage Needed
	378,036
	3,307
	381,343

	Totals
	830,418
	10,920
	841,338


Table 17 compares the land removed from production with a 1% point decline in meat product consumption with the extra land put into production to provide an equivalent Calorie intake of dairy products and eggs.  
Table 17
Change in Land Use Associated with Replacing 1% of Current Meat Consumption with Dairy and Egg Products
	
	Change in Acres Required for Meat Production with a 1% Decrease in Consumption
	Change in Acres Required for Meat Substitute Production
	Net Change in Acres Required for Food

	Pasture
	-307,541
	--
	-307,541

	Alfalfa Haylage
	--
	+378,141
	+378,141

	Corn Silage
	-88,983
	+28,574
	-60,409

	Corn
	-204,264
	+52,280
	-151,984

	Sorghum
	-63,674
	--
	-63,674

	Soybean Meal
	-272,895
	+381,343
	+108,448

	Total
	-937,357
	+840,338
	-97,019


Uncertainty

The largest degree of uncertainty associated with the figures would seem to be associated with the assumption as to the amount of land needed to provide the AUM forage for beef animals.  The acreage figure associated with that grazing is based on an association of one AUM per acre.  The overall effect would change substantially if the AUM/Acre equivalency were found to be 0.5 AUM’s to the acre or 1.5 AUM’s to the acre as shown in the Tables 18 and 19 below. 

Table 18

Sensitivity Test:  Beef Cattle Pasture at 0.5 AUM Per Acre
Change in Land Use Associated with Replacing 1% of Current Meat Consumption with Dairy and Egg Products
	
	Change in Acres Required for Meat Production with a 1% Decrease in Consumption
	Change in Acres Required for Meat Substitute Production
	Net Change in Acres Required for Food

	Pasture
	-615,082
	--
	-615,082

	Alfalfa Haylage
	--
	+378,141
	+378,141

	Corn Silage
	-88,983
	+28,574
	-60,409

	Corn
	-204,264
	+52,280
	-151,984

	Sorghum
	-63,674
	--
	-63,674

	Soybean Meal
	-272,895
	+381,343
	+108,448

	Total
	-1,244,898
	+840,338
	-404,560


As shown in Table 19, if the cattle grazing associated with beef cattle is being provided at a rate of 1.5 AUM’s per acre, the use of meat substitutes could actually increase the amount of land devoted to animal feed production.  
Table 19

Sensitivity Test:  Beef Cattle Pasture at 1.5 AUM Per Acre
Change in Land Use Associated with Replacing 1% of Current Meat Consumption with Dairy and Egg Products
	
	Change in Acres Required for Meat Production with a 1% Decrease in Consumption
	Change in Acres Required for Meat Substitute Production
	Net Change in Acres Required for Food

	Pasture
	-205,027
	--
	-205,027

	Alfalfa Haylage
	--
	+378,141
	+378,141

	Corn Silage
	-88,983
	+28,574
	-60,409

	Corn
	-204,264
	+52,280
	-151,984

	Sorghum
	-63,674
	--
	-63,674

	Soybean Meal
	-272,895
	+381,343
	+108,448

	Total
	-834,843
	+840,338
	+5,495


Perception of Change

An interesting consequence of the current small incidence of vegetarianism (3%) in the United States is that even a small percentage shift of nonvegetarians (1 percentage point) to vegetarian status would comprise an enormous percentage increase for the vegetarians (33%).  Losing that single percentage point would be barely noticeable in the day-to-day world of nonvegetarians.  In the vegetarian world, it would be seen as an enormous increase.  The increase would doubtless be associated with a significant run-up in the number of vegetarian products and services available.  It is possible that the increased availability of vegetarian products, in and of itself, would further accelerate vegetarianism.
Conclusions

Taking the numbers at their face value, even a large increase in the incidence of ovo-lactovegetarianism (on the order of 33%) would not make that great a difference in the use of agricultural land.  
Pasture usage could be expected to decline significantly.  Pasture is normally a much less intensive use of the land than is the production of field crops such as corn and soybeans.  Attempts are made to maintain good vegetative coverage on pastures to ensure they remain productive.  Good vegetative cover serves to reduce erosion and runoff.  Grazing animal excreta is deposited directly without loss of nutrients; and without the need to tractor it from confinement areas.  Direct deposition of excreta thus reduces the possibility of excess soil compaction from tractor/spreaders, especially during wet periods.  Direct deposition of excreta also reduces the need to provide further fertilization.  Less nitrogen is lost through evaporation when urine is applied directly rather than being collected and transported.  
Because so much of the lost meat production would be expected to be replaced by dairy products, dairy feed would necessarily experience significant growth.  The effect would be less if the increase were to be accommodated by increased milk productivity from existing animals, rather than from expanded dairy herd sizes.  
It certainly need not be a foregone conclusion that dairy cattle must continue to rely heavily on feeds, rather than forage.  Management Intensive Grazing systems are in place which rely heavily on forage—replacing much of the nutritional supplements relied on in confinement systems.  As with beef cattle, the current reliance on feeding and fattening is assumed to continue because ranchers have not yet seen a greater indication of profitability under such systems.  
Possibly the most significant conclusion is that, barring some change in the overall structure of milk production, such as greater reliance on Management Intensive Grazing,  consumption of soybean meal would be expected to show significant increases even in the face of reduced meat consumption.  

Appendix A--Simplifying Assumptions

Small Volume Meats Not Included     Veal, sheep, lamb, alligator, goat, equines, rabbit, emu, ostrich, rhea, alligator, bison and the entire balance of the meat spectrum produced in the United States for their meat were excluded from the study because of their relatively small rates of production.  Neither were game meats, including fowl, considered.  
Timing    The figures used for consumption and for slaughter were both taken from calendar year 1997.  Everything consumed in 1997 was not slaughtered in 1997, though this is the implied assumption.
International Trade
The United States functions in a world economy which appears to be on the way toward greater freedom of trade.  If more Americans were to become vegetarian, their demands on American meat supply would decrease, as would their demands on American non-meat supplies.  This is simply because livestock must  consume large amounts to add weight.
In a further expression of irony, nothing would guarantee that decreased meat consumption in the United States would mean less crop production or meat production in the United States.  World markets have been developed and soy, corn and other animal feeds are widely and freely exchanged in the world marketplace.  Soy and corn no longer used to feed American livestock would most likely find their way into global trade.  In a pure sense there is not even any assurance the production of American livestock would decrease.  As with animal feeds, meat no longer consumed domestically might simply be moved into international trade.

In order to show the potential effects on the environment within the United States, this paper assumes no change in foreign trade.

Use of “Averages”  The use of “averages” as representative figures is problematic.  Picking the midpoint of a range may be the only appropriate course of action.  It may be the expedient thing to do.  But it may distort the results of the study.

Changing from Nonvegetarianism to Ovo-Lactovegetarianism
If a portion of the nonvegetarian population were to become vegetarian—would they most likely become  semi-vegetarian, or vegan, or ovo-lactovegetarian?  The motive behind the change in  diets might provide an answer to that question.  If, for instance, a disease outbreak precipitated the change, they might stay away from the perceived-diseased meat source altogether.  That would be different from the diet that would be adopted by someone who converted to a religion with established dietary practices.  Rather than getting tied up in such a tangential question, this paper simply assumes movement from nonvegetarianism to ovo-lactovegetarianism.  

Inclusion of Dairy Beef      Meat supply figures do not differentiate between cattle raised for beef, and dairy cattle ultimately used for beef.  Dairy cattle currently make up about 8% of American beef slaughter.
  Only some 22% of dairy cattle culls go directly to Packer/Slaughter plants.44  Dairy beef comprises a disproportionately large percentage of the ground beef supply.  Because dairy cattle are raised for dairy production, an offsetting reduction in dairy cattle associated with lowered meat consumption would not be expected.  The substitution of dairy products for meat products would tend to have a contrary effect since more milk production would be needed.   This component of beef supply was assumed to be unaffected.
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� American Dietetic Association.  ADA Position Paper on Vegetarianism.  1993.  � HYPERLINK "http://www.vrg.org/nutrition/ada1993.htm" ��http://www.vrg.org/nutrition/ada1993.htm�   


� Alley, Holly.  Vegetarianism.  � HYPERLINK "http://www.fcs.uga.edu/pubs/current/FDNS-E-18.html" ��http://www.fcs.uga.edu/pubs/current/FDNS-E-18.html�  


� USDA Center for Nutrition Policy and Promotion.  The Food Guide Pyramid.  � HYPERLINK "http://www.pueblo.gsa.gov/cic_text/food/food-pyramid/main.htm" ��http://www.pueblo.gsa.gov/cic_text/food/food-pyramid/main.htm�  


� Mangels, Ann Reed.  Working with Vegetarian Clients in Vegetarian Nutrition.  � HYPERLINK "http://www.andrews.edu/NUFS/working_with_vegetarian_clients.htm" �http://www.andrews.edu/NUFS/working_with_vegetarian_clients.htm�    


� National Institute of Nutrition.  The Many Faces of Vegetarianism.  News Release--January 1999.   � HYPERLINK "http://www.nin.ca/public_html/Media/Latest/newsjanuary_99.html" ��http://www.nin.ca/public_html/Media/Latest/newsjanuary_99.html�  


 


� Source:  US Department of Agriculture.  Economic Research Service, Food Consumption, Prices, and Expenditures, 1970-1997; and Agricultural Outlook, monthly as reported in Table No. 250 of Section 3 of the 1999 Statistical Abstract of the United States.  � HYPERLINK "http://www.census.gov/prod/www/statistical-abstract-us.html" ��http://www.census.gov/prod/www/statistical-abstract-us.html�  


� Chicken and turkey.  Boneless and trimmed weight.


� Calculated using an average 44 gram weight for a medium egg for the recorded per capita egg consumption of 239 eggs.


� Includes shellfish.  Boneless, trimmed weight.


� Fogleman, Sarah L  and Rodney Jones, Beef Cow-Calf Enterprise.  Farm Management Guide  MF-266.  Kansas State University Agricultural Experiment Station and Cooperative Extension Service, Department of Agricultural Economics.  October 2002  � HYPERLINK "http://www.oznet.ksu.edu" ��http://www.oznet.ksu.edu�  


� Composite of live weights for heifer (540) and steer (560); and a 16% cull on a 1,050 live weight.


� Feeding Beef Cattle.  Agricultural Alternatives.  Pennsylvania State University College of Agricultural Sciences, Agricultural Research and Cooperative Extension.  2001.  � HYPERLINK "http://agalternatives.aers.psu.edu" ��http://agalternatives.aers.psu.edu�  


� Dhuyvetter, Kevin C. and Mike D. Tokach, Farrow-to-Finish Swine Cost-Return Projection.  Farm Management Guide MF-292.  Kansas State University Agricultural Experiment Station and Cooperative Extension Service, Department of Agricultural Economics.  October 2002  � HYPERLINK "http://www.oznet.ksu.edu" ��http://www.oznet.ksu.edu�  


� Koelkebeck, K. W., C. M. Parsons, and Xincheng.  Effect of Acute Heat Stress on Amino Acid Digestibility in Laying Hens.  Illini Poultry Net.University of Illinois at Urbana-Champaign.  2003.  � HYPERLINK "http://traill.outreach.uiuc.edu/poultrynet/paperDisplay.cfm?ContentID=143" ��http://traill.outreach.uiuc.edu/poultrynet/paperDisplay.cfm?ContentID=143�


� Live weight and feed conversion efficiency taken from National Chicken Council information for 1997 presented at the Tyson website:  � HYPERLINK "http://www.tysonfoodsinc.com/IR/publications/factbook/factbook01/p7.pdf" ��http://www.tysonfoodsinc.com/IR/publications/factbook/factbook01/p7.pdf�      


� Based on total 1997 production of 42,605,000,000 pounds of beef and the Composite Beef Animal consumption shown in Table 2.  Source of the 1997 beef production figure is the 1997 Census of Agriculture, US Department of Agriculture, National Agricultural Statistics Service as reported in Table No. 1141 of the Statistical Abstract of the United States: 1999 produced by the US Census Bureau � HYPERLINK "http://www.census.gov/prod/99pubs/99statab/sec23.pdf" ��http://www.census.gov/prod/99pubs/99statab/sec23.pdf�  


� Based on total 1997 production of 23,534,000,000 pounds of pork and the Composite Pork Animal consumption shown in Table 3.  Source of the 1997 pork production figure is the 1997 Census of Agriculture, US Department of Agriculture, National Agricultural Statistics Service as reported in Table 1146 of the Statistical Abstract of the United States: 1999 produced by the US Census Bureau.  � HYPERLINK "http://www.census.gov/prod/99pubs/99statab/sec23.pdf" ��http://www.census.gov/prod/99pubs/99statab/sec23.pdf�  


� Based on total 1997 production of 23,534,000,000 pounds of broilers and turkeys and the Composite Poultry Animal consumption shown in Table 4.  Source of the 1997 pork production figure is the 1997 Census of Agriculture, US Department of Agriculture, National Agricultural Statistics Service as reported in the Statistical Abstract of the United States: 1999 produced by the US Census Bureau. � HYPERLINK "http://www.census.gov/prod/99pubs/99statab/sec23.pdf" ��http://www.census.gov/prod/99pubs/99statab/sec23.pdf�  (Corn and soybean meal comprise 90% of the diet.)


� For evaluation purposes only--this is an assumption for all pasture grazed by cattle in the United States—1 AUM (Animal Unit Month) per acre.  The 1,108 pound AUM equivalency for hay at 90% dry matter is sourced in Understanding the Animal Unit Month (AUM) at:  � HYPERLINK "http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/agdex1201" ��http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/agdex1201�  


� For evaluation purposes only—based on an assumption of 1 AUM per acre for all pasture grazed by cattle in the United States.


� Total pastureland and rangeland on farms, comprising 64,466,542 acres of cropland used only for pasture or grazing; 29,693,909 acres of cropland used only for pasture or grazing; and 396,884,553 acres of other pastureland and rangeland as depicted in Table 7, Land Use:  1997, 1992, and 1987.  US Department of Agriculture, National Agricultural Statistics Service.  1997 Census of Agriculture.  � HYPERLINK "http://www.nass.usda.gov/census/census97/volume1/us-51/us1_07.pdf" ��http://www.nass.usda.gov/census/census97/volume1/us-51/us1_07.pdf�  


�Indicates correctly that corn silage alone could not meet the needs of all the beef animals indicated.   US Department of Agriculture, National Agricultural Statistics Service.  1997 Census of Agriculture.  Table 13.  State Summary Highlights:  1997.  � HYPERLINK "http://www.nass.usda.gov/census/census97/volume1/us-51/us2_13.pdf" ��http://www.nass.usda.gov/census/census97/volume1/us-51/us2_13.pdf�  


� US Department of Agriculture, National Agricultural Statistics Service.  1997 Census of Agriculture.  Table 1.  State Summary Highlights:  1997.


� US Department of Agriculture, National Agricultural Statistics Service.  1997 Census of Agriculture.  Table 13.  State Summary Highlights:  1997.  � HYPERLINK "http://www.nass.usda.gov/census/census97/volume1/us-51/us2_13.pdf" ��http://www.nass.usda.gov/census/census97/volume1/us-51/us2_13.pdf�  


� US Department of Agriculture, National Agricultural Statistics Service.  1997 Census of Agriculture.  Table 1.  State Summary Highlights:  1997.  � HYPERLINK "http://www.nass.usda.gov/census/census97/volume1/us-51/us2_13.pdf" ��http://www.nass.usda.gov/census/census97/volume1/us-51/us2_13.pdf�   This figure reflects use of the total soybean.  References in this document are only to the soybean meal component of soybean production, approximately 48 pounds of the 60 pound bushel.


� USDA National Nutrient Database for Standard Reference, Release 16:  � HYPERLINK "http://www.nal.usda.gov/fnic/cgi-bin/nut_search.pl" ��http://www.nal.usda.gov/fnic/cgi-bin/nut_search.pl�  


� One ounce avoirdupois=28.349523 grams.


� This process yields a Calorie count similar to that reported for beef (1316) in Efficiency of Meat Production from Rabbits, Sheep and Cattle on Rangeland Ecosystems of the West by C. Wayne Cook.  � HYPERLINK "http://www.cnr.colostate.edu/frws/research/cook/cook/Cookproduction/MeatEfficiency.htm" ��http://www.cnr.colostate.edu/frws/research/cook/cook/Cookproduction/MeatEfficiency.htm�  


� This turkey product was used because it appeared to give the best proximate measure for consumption of all turkey meat.  The closest comparable chicken product was NDB 05126 (chicken, stewing, meat only, cooked stewed).  For the same 140 gram, 1 cup measure, its Calorie content was 332 Calories.  


� Columns may not sum to totals due to rounding.  Source:  US Department of Agriculture.  Economic Research Service, Food Consumption, Prices, and Expenditures, 1970-1997; and Agricultural Outlook, monthly as reported in Table No. 250 of Section 3 of the 1999 Statistical Abstract of the United States.  � HYPERLINK "http://www.census.gov/prod/www/statistical-abstract-us.html" ��http://www.census.gov/prod/www/statistical-abstract-us.html�    


� All dairy products expressed in pounds of milk equivalent.


� Based on 1997 per capita egg consumption of 239 eggs, using a medium size egg of 44 grams.


� 146 Calories or 244 grams per cup, 28.349523 grams=1 oz.


� 99 Calories or 85 grams per 3 ounce measure, 28.349523 grams=1 oz.


� 65 Calories or 44 grams per egg, 28.349523 grams=1 oz.


� Ishler, Virginia, Jud Heinrichs, and Gabriella Varga.  From Feed to Milk:  Understanding Rumen Function.  Extension Circular 422.  Pennsylvania State University.  � HYPERLINK "http://pubs.cas.psu.edu/FreePubs/pdfs/ec422.pdf" ��http://pubs.cas.psu.edu/FreePubs/pdfs/ec422.pdf�


� US Department of Agriculture, National Agricultural Statistics Service.  1997 Census of Agriculture.  Table 41.  � HYPERLINK "http://www.nass.usda.gov/census/census97/volume1/us-51/us1_41.pdf" ��http://www.nass.usda.gov/census/census97/volume1/us-51/us1_41.pdf�  


� US Department of Commerce, Census Bureau.  Statistical Abstract of the United States, 1999.Table 1123.  � HYPERLINK "http://www.census.gov/prod/99pubs/99statab/sec23.pdf" ��http://www.census.gov/prod/99pubs/99statab/sec23.pdf�  


� US Department of Commerce, Census Bureau.  Statistical Abstract of the United States, 2000.  Section 24, Tables 1158 and 1159.   � HYPERLINK "http://www.census.gov/prod/2001pubs/statab/sec24.pdf" ��http://www.census.gov/prod/2001pubs/statab/sec24.pdf�  


� Average of source:  Internet Information Services for Canadian Agriculture and Bioenergy Technology at:  � HYPERLINK "http://members.shaw.ca/bethcandlish/nut3.htm" ��http://members.shaw.ca/bethcandlish/nut3.htm�  and source:  Sheila E. Scheideler, High-Oil Corn in Layer Rations, University of Nebraska Cooperative Extension MP 70 at:  � HYPERLINK "http://www.ianr.unl.edu/pubs/poultry/mp70/mp70-02.htm" ��http://www.ianr.unl.edu/pubs/poultry/mp70/mp70-02.htm�  


� Smith, G.C. et al (ed.). Final Report of the National Non-fed Beef Quality Audit - 1994. Colorado State University. Fort Collins, CO. Reported in Economic Opportunities for Dairy Cow Culling Management Options, USDA, APHIS Veterinary Services Info Sheet, May 1996.  � HYPERLINK "http://www.aphis.usda.gov/vs/ceah/cahm/Dairy_Cattle/dr96fct3.pdf" ��http://www.aphis.usda.gov/vs/ceah/cahm/Dairy_Cattle/dr96fct3.pdf�  
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