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Executive Summary 

 
This study describes a portion of the grain production and movement patterns in 

Minnesota.  1999 levels of grain and oilseed production were identified as well as 

livestock populations in individual counties of the state.  Animal scientists were 

consulted to ascribe typical consumption levels by the various livestock living in 

particular counties.  A series of assumptions were required in order to determine the 

number of additional animals required to maintain sufficient breeding herds and flocks of 

livestock. Graphs were constructed to present the consumption levels of grain by 

livestock species in a statewide fashion.  Tables provide detailed data to describe the 

consumption of feed grains and soybean meal by livestock in each county.  Use of 

electronic spreadsheets allowed the authors to determine the extent of feed grain surplus 

or deficits in particular counties.  Geographic Information System (GIS) software allowed 

the portrayal of several variables by mapping. These included grain production, corn or 

barley consumption, feed grain surplus or deficit level by county, net grain available for 

movement out of the county, and net grain available for movement expressed in “tons per 

square mile of farms”.   
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Chapter 1 

Introduction 

 

A drive through the farming regions of Minnesota during the growing season 

affords one many views of crops in production.  Eventually the thousands and thousands 

of acres of grains and oilseeds that one observes are harvested.  The crops may be stored 

near the site of production for later feeding or processed in other parts of Minnesota, or 

they may be shipped away at some appropriate time through the marketing year. The data 

developed and the analysis presented here seeks to describe the patterns of travel and use 

of grains and oilseeds originating in Minnesota.  Starting from the production levels, this 

paper first estimates the quantities of feed required in each Minnesota county to feed 

resident livestock.   Residual quantities of crops available to be transported to markets 

outside of the county of production are reported as well. The ultimate domestic and 

international destinations of Minnesota’s exportable surpluses of corn and soybeans are 

also reported, based on a sample of rural Minnesota grain elevators participating in a 

survey sponsored by the Minnesota Grain and Feed Association.  In the text, tables, 

graphs, and maps that follow, one can gain an appreciation of the dynamics of feed usage 

by livestock raised and finished in Minnesota and the effect of this localized usage of 

Minnesota grain production on the ultimate amounts and value of Minnesota crops 

leaving the state. 
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Chapter 2 

Proposed Analysis and Data 
 

Published government statistics and typical animal consumption figures cited by 

animal scientists provide the base for calculating amounts of grain and soybean meal 

consumed by the livestock in the state of Minnesota.1  In addition to the commonly 

reported livestock classes, animal scientists at the University of Minnesota offered 

guidance on typical complements of animals raised and retained as replacements for the 

breeding herds and flocks, as well as the feed necessary to achieve their growth and 

development.  The motivation for determining these amounts stems from the very 

practical questions surrounding the quantities of grain that must make their way along the 

roadways, railways, and rivers en route to their ultimate destinations, whether down the 

road or around the globe.  Recent years have witnessed substantial changes in livestock 

numbers, the types of livestock, the locations of livestock facilities and the size of 

livestock operations in Minnesota.  Grain flow patterns are very dynamic as well, with 

varying amounts of grain required to fulfill the needs at various destinations.  To guide 

investments in transportation infrastructure for grain movement in Minnesota and 

beyond, the quantities of production, amounts consumed or utilized in the state, and the 

paths to ultimate destinations were determined.  

Minnesota’s agricultural history and economic advantages have brought us to the 

present situation with respect to the livestock flocks and herds on farms across the state. 

To make sense of today’s situation, classes of livestock were identified along with their 

unique consumption patterns.  The table appearing on the following page contains the 

various classes of livestock on which this study was based.  The classes are unique in 

terms of their age and production requirements, whether grown as a meat animal, as a 

replacement in the breeding herd or flock, or for production of milk or eggs.  The sources 

of the animals are also noted to distinguish between animals raised within the state and 

those that are imported or exported.  The numbers of Minnesota animals fed in each class 

in 1999 and their annual or per head consumption in pounds of corn, soybean meal, and 

oats are shown below in Table 2.1. 
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Table 2.1  Livestock Numbers in Classes and Pounds of Feed Consumed 
 
  
Animal Description                                   Fed/Year          Corn        Soy. Meal       Oats 
Dairy Cows    545,000      5824         1700      
Replacement Dairy Heifers    389,130      2400         1000      
Dairy Herd Bulls        8,135      2912       680  
Growing Replacement Dairy Bulls        4,068      2400     1000  
Dairy Calves Weaned, Raised/Yr.    526,252        750       350  
Beef Cows    385,000        450         50  
Replacement Beef Heifers (calves-yrlg.)      77,000        300           0  
Replacement Beef Heifers (12-24mo.)      77,000           0           0  
Beef Bulls (yearlings & mature)      21,483      2912       680  
Growing Replacement Beef Bulls      10,742      2400     1000  
MN origin beef calves     392,700        185           0     374 
MN-Born Dairy Beef     228,671      8223       144  
MN- Born Beef Feeders     267,646      4192       110  
MN-Born Dairy Bf Fed  (EX Birth Co.)       34,455      8223       144  
Imported Beef Calves     222,000      4192       110  
Imported Beef Yearlings       74,000      3480         65  
Imported (Phantom) Beef Yearlings       74,000      3480         65  
Ewes & Rams       93,940        330         29  
Creep Feeding of Lambs     115,830          50         5.2  
Replacement Ewes       15,840       115.5         34.5  
Growth & Finishing MN Raised Lambs       99,990       252       36  
Imported Feeder Lambs       51,000       252            36  
Sows & Boars     492,200    1,756     444  
Growing of Young Pigs  9,289,000         76.6       35.4  
Growing of Replacement Gilts     207,000       542          114  
Hogs Finished 11,262,720       542     114  
Laying Hens 12,240,000       56.21        12.05  
Replacement Layer Pullets   3,060,000       24.09        4.2  
Broilers 44,200,000         5.67        2.08  
Turkey Breeder Hens and Toms      540,000       82.6      18.88  
Turkey Replacement Hens & Toms   1,004,400       70      16   
Turkey Consumer Hens (14#) 10,875,000     17.74        8.26  
Turkey Heavy Hens (22#) 10,875,000     35.09      16.55  
Turkey Heavy Toms (36#) 21,750,000     64.72      27.17  
 
 
Sources of livestock rations in Table 2.1:  All from the Department of Animal Science, 
University of Minnesota, Dairy--- Dr. Jim Linn, Beef--- Dr. Alfredo DiCostanzo and 
Chad Zehnder, Sheep--- Dr. William Head, Swine--- Dr. Jerry Hawton, and Poultry --- 
Dr. Sally Noll. 
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Ranging from broilers to dairy cows and from brood sows to replacement ewes, 

thirty-four classes of livestock have been quantified as well as their likely consumption of 

corn, barley, oats, and soybean meal. For a broiler to be raised from the day it hatches 

until slaughtered forty-five days later generally requires 2.08 lb. of soybean meal and 

5.67 lb. of corn.  At the other extreme in size, a dairy cow typically requires 5824 lb of 

corn and 1700 lb. of soybean meal to maintain herself, produce a calf, and produce 

15,000 pounds of milk each year.  The dairy cow, the beef steer, and the lamb each 

consume substantial amounts of forages, as well, such as hay, haylage, and corn silage. 

However, these feeds are not typically transported very far from the site of production 

and so are outside consideration for this project.  

Because no data is collected on certain important classes of livestock living in the 

state, their numbers were derived based upon the judgements of animal scientists and 

recorded figures for other animals of their species.  For example, it was necessary to 

determine the likely complement of replacement dairy heifers that must be raised and 

kept in order to sustain the dairy cow herd at its reported level.  It was necessary to 

estimate the likely proportion of bulls needed to service the recorded number of cows and 

heifers.  It was also necessary to determine how many replacement bulls are needed to 

keep bull numbers adequate.  The situation was similar for swine and turkeys. With 

respect to swine, examination of the printed statistics reveals that there are imports of 

hogs from other states and also Canada. Beef cattle have interesting dynamics with 

respect to movements of feeder cattle from Minnesota to states such as Iowa and regions 

to the south as well as movement of calves and yearling from Montana and the Dakotas 

to Minnesota for finishing.  The last five years have witnessed increasing numbers of 

feeder pigs imported into Minnesota.  These animals are represented and have been 

allocated to “hog-feeding” counties in the “Eaters” spreadsheet.  All this modeling 

requires one to make numerous assumptions and I shall attempt to list them all as they 

occur in the “Graineaters” workbook. 
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Chapter 3.0 

 
Building and Understanding the “Graineaters” Workbook 

 
 

In order to preserve the many necessary assumptions and then calculate and verify 

animal numbers, the “Graineaters” workbook was created.  Like all workbooks, it 

consists of several worksheets.  Working with separate worksheets often helps the 

researcher keep his calculations under control and separated.  In some cases the figures 

from one of the worksheets are linked and shared with another.  In almost all cases the 

worksheets have the common features of having a listing of the Minnesota counties along 

the far left column grouped by Crop Reporting Districts.  The worksheets also have 

similar column headings in order to classify various variables by class of consuming 

livestock.   The individual worksheets of the “Graineaters” workbook include the 

following as described in the following list: 

 
 Grainprod This worksheet contains the county-by-county production levels of 
   the major grain and oilseed crops in Minnesota in 1999. 
 
 Eaters  This worksheet was used to record (in some cases) and derive (in  

 other cases) the numbers of animals likely to be eating corn,   
barley, oats, or soybean meal in Minnesota in 1999. 

  . 
CornBarpile This worksheet was used to summarize the amount of corn or 

barley consumed by each class of livestock in each of the counties 
and for the state as a whole.  Because corn and barley are quite 
easily substituted, efforts were made to utilize barley by the 
livestock in counties that produce barley.  This worksheet was used 
to determine the magnitude of corn or barley surplus/deficit. 

 
 SBMpile This worksheet was used to summarize the amount of soybean 

meal consumed by each class of livestock in each of the counties     
and for the state as a whole.  With the exception of beef heifers 
yearlings and older, all the classes of livestock consume some  
amount of soybean meal. 
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 Oatspile This worksheet was used to summarize the amount of oats  
   consumed in each county.  Beef calves are the typical consumers 
   of oats and are the only class of animals identified in this study.   
   There are livestock producers who utilize oats in the rations of  
   other livestock such as sows, boars, and various poultry. 
   However, usage of oats by these individuals was judged to be  
   minor. 
 
 NetGrTraf Net Grain Traffic was calculated by subtracting the 1999 needs of   

local livestock consumption from levels of production of grain and 
oilseed production in 1999.  This worksheet was also used to 
identify the net grain imports in the case of certain corn deficit 
counties. 

  
 Mapable This worksheet contains data in tabular form that has also been 

classified in order to make maps in ArcView that are presented in  
this paper. 
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Chapter 4.0 
 

Analyzing the Worksheets in the “Graineaters” Workbook 
 
 

A basic understanding of the magnitude of statewide production of grains and oils 

seeds can be gathered from tables compiled on the Grainprod worksheet. The following 

graph allows one to quickly grasp the volumes of the grains and oilseeds produced in 

Minnesota in 1999.2 

 
 
Figure 4.1 
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Tables A-1 and A-2, which are contained in the Table Appendix  (A), give 

detailed crop production data of the major crops grown in each of the Minnesota counties 

in terms of bushels and tons, respectively. 

The worksheet Eaters details the relationships and dynamics of the major 

livestock categories in Minnesota. As mentioned previously, it was necessary to derive 

the numbers of the many animals in the breeding herd in order to account for the amounts 

of feed eaten by these animals.  In addition, this worksheet facilitated an accounting of 

animals as they moved through stages of their lives or took various paths whether as 

breeding or production animals or whether imported or exported from the state.   
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This spreadsheet also facilitated efforts to allocate animal numbers to counties for feeding 

activities by determining the counties with animal numbers increasing above the number 

produced in the county. 

This listing of detailed assumptions and the truncated pages labeled as Table A-3 

in the Table Appendix  (A) demonstrate how the Eaters spreadsheet was set up and how 

it utilized the many assumptions.  In addition, one can note at the top of each column the 

pounds of corn, soybean meal, and possibly oats fed to the numbered animals in each 

category. The recording and calculation of data from Eaters continues in the spreadsheet 

with sixty-one columns ranging from A to BI and rows for the eighty-seven counties of 

the state. 
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Chapter 4.1 

Detailed Assumptions Imbedded in “Eaters” 

 

As mentioned above, numerous assumptions were necessary to calculate the 

numbers of many classes of livestock that are not reported to the U.S. Department of 

Agriculture or the Minnesota Crop and Livestock Reporting Service.  Here are notes on 

each column: 

 

A This column identifies the Minnesota county and groups counties by Crop 
 Reporting District. 
 
B This column records the number of cattle recorded for the county as of January 1.3 
 
C This column records the number of dairy cows.4 
 
D This column contains the derived number of dairy heifers, greater than 500 lb. 
 kept for replacements of the milking herd. The number of replacement dairy  

heifers kept in the herd was determined to be 71.4% of the number of cows.5 
  

E This column contains the derived number of bulls required for breeding  
 on Minnesota dairy farms that do not use artificial insemination. Of the females  
 bred on Minnesota dairy farms, there are the cows and senior yearling  

heifers, which represent 35.7% of the number of cows. 6 Natural service was 
occurring for 22 % of all Minnesota dairy cows in 1999.  Bull numbers are 
assumed to equal 5% of the number of heifers and cows to be bred.  Based on data 
published in, bulls require 50% of the energy and 40% of the protein required by 
lactating dairy cows.7 

 
F This column contains the derived number of bulls being raised to replace the 
            bulls used in the dairy herds as they need to be retired.  It is assumed that for  
 every two bulls in service, one replacement must raised.  It is assumed that the  
 growing bull will eat a similar amount of corn and soybean meal as a  
 replacement dairy heifer.  
 
G. This column contains the derived number of dairy calves weaned per year. This  

figure was calculated based on published dairy records of many dairy farms.  
With 80% of cows being successful in producing a calf and cows giving birth 
every 14 months instead of every 12 months, one can realize that .80 X 12 
months/14 months equals the effective cow reproduction rate of .68 per year.   
Senior yearling heifers, representing 35.7% of the herd, have an 80% chance of 
calving in the year as well. 
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H. This column is used to derive the number of dairy calves (bulls) that 
 are available to be fed as “dairy beef” in Minnesota.  It was assumed that 50%   

of all calves were bulls, and that all are fed out in the Minnesota. 
 
I.   This column contains the recorded number of beef cows as captured in the  
            inventory of cattle on farms. 8  
 
J.      Based on the number of beef cows (column H.), this column records the derived  
           number of beef heifers weighing from 500-800# that farmers are likely to be 
           holding to replace aging cows in their beef herds, which was assumed to be 20% 
           of the number of cows.9  
 
K.       Figures in this column are derived from the number of beef cows (column H.)  
           and represent beef heifers from twelve to 24 months of age, which is also 20% of  

the number of cows in the herd. 10 
  

L. This column contains derived figures for the number of beef bulls (yearlings and  
older) needed for the “beef herd” of each county.  This number is based on the 
requirement of 5% bulls to the number of females to be bred on the 93% of farms 
using natural service.11  

 
M. This column contains derived figures for the number of replacement beef bulls 

from 500 pounds until they are yearlings.  It was assumed that for every two bulls 
in service, one replacement must be raised each year as a replacement. 

 
N. This column contains the derived number of beef calves assumed to be born to 

beef cows in 1999 in each MN county. Estimates of an animal scientist suggest 
that 85% of the cows and 85% of the older beef heifers will have a living calf 
each year.12  

 
O. This column derives the number of beef feeders after calculating herd 

replacements for bulls and heifers.  One must take calves born and living and 
subtract the number of replacement heifers and replacement bulls kept from each 
calf crop.  The remainder is then the number of MN born beef calves that are 
available to be feed out.  Some will be fed out in MN and others will be shipped 
to locations outside the state for feeding. This feeding period is from 80 lb. to 500 
lb.  It is assumed that no calves are shipped out of MN until they reach 500 
pounds. 

 
P. This column derives the number of possible feeders on MN farms based on the  

 numbers of cows, bulls, replacement heifers, and replacement bulls subtracted 
from the column B, which is “All Cattle on Farms Jan. 1”. 13  Some of the feeders 
evident are from other MN counties and others are from other states. 
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Q. This column of figures derived the number of beef and dairy feeders born in each 
MN county. 

 
R. This column contains derived numbers of feeders evident in each county and 

whether or not feeders are being imported or exported from the county.  It is 
calculated by determining the difference between the number of beef and dairy 
feeders born in each county and the number that are found to be there after the 
January 1 inventory. 

 
S. This column contains the derived figure of the feeders imported to counties   

whether from other MN counties or outside of MN. 
 
T. This column contains the net factor (positive) of imports to each County from  

MN or elsewhere. 
 
U. This column utilizes the factor from column T to derive the number of feeders as 

dairy beef feeders in proportion to the percentage dairy feeders represent of both 
dairy and beef feeders born and raised in the county. 

 
V. This column derives the number of MN born beef feeders that are evident to be 

fed in the county in the same proportion that beef feeders represent of total dairy 
and beef feeders. 

 
W. This column contains the number of feeders necessary to meet the inventory 

figures. These feeders must have come from other MN counties or from other  
states. 

 
X. This column allocates (divvies) “leftover” dairy beef steers not allocated by 

column U among MN counties that require more feeders to balance with 
inventory numbers. 

 
Y. This column allocates (divvies) the beef feeders not allocated by column V.  The 

amount of 8758 beef calves to allocate implies that 37,313 MN-born beef calves 
were exported for feeding from MN. 

 
Z. This column allocates the numbers and destination counties for beef feeder 

calves imported into MN and assumes that 60% of the the 370,000 feeder cattle 
imported into MN are calves, or 222,000 head.14  The number of imported feeders 
is allocated in proportion to the net factor of import for feeders (col. T). 

 
AA This column projects the numbers and destination counties for beef yearlings 
 imported into MN. Based on assumptions that 40% of the 370,000 feeders  
 imported into MN are yearlings and that half or 20% of 370,000, or 74,000 are 
 evident when cattle census is taken January 1. 
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AB This column projects the numbers and destination counties for “phantom” beef  
 yearlings imported into MN.  (These are called “phantom” yearlings because  
 these animals come into MN, are fed for 180 days and then go to slaughter before  
 their numbers can be noted in the Jan. 1 inventory of cattle.)  They are assumed   
 to represent half of all yearlings imported into MN, or 74,000. 
 
AC This column records the number of breeding sheep and lambs on farms. 15 
 
AD This column splits out the number of ewes and rams in the breeding sheep herd.    
 Rams are assumed to be 4.4 % of the breeding flock, with ewes representing  
 81% of the breeding flock. 
 
AE This columns contains the derived number of lambs creep fed, which is assumed  
 to be 130% of the number of ewes in the breeding flock. 
 
AF This column derives the number of replacement ewes (14.4%) of the breeding 

flock, or 18% of the number of ewes, which are needed to keep the breeding herd 
stable.16 
 

AG This column represents the number of growing and finishing lambs being 
fattened for market by subtracting the number of lambs kept to replace aging 
ewes. 
 

AH This column allocates the number of imported feeder lambs among the primary 
 sheep production counties. 

 
AI  This column takes the number of imported feeder lambs and determines  
 the proportion of imported feeder lambs fed in each county. 

 
AJ This column shows the number of feeder lambs fed in “corn” counties. 
 
AK This column calculates the number of sows on farms by dividing the number of 

farrowings by 2.25 per year and also adding in 7% to account for needed boars.  It 
is assumed that sows and boars have the same dietary requirements. 17 
 

AL This column is the number of annual farrowings recorded by U.S. D. A.18  
 

AM This column records the number of pigs saved in each county.19 
 

AN This column contains the derived number of gilts  (equal to 45% of the  
sow herd that must be replaced each year. 
 

AO This column contains the 1999 Hog & Pig Inventory as recorded by county. 20 
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AP This column contains the derived annual county balance calculated for  
finishing hogs. The numbers in this column indicate whether or not hogs are  
imported or exported for feeding. 
 

AQ This column identifies the counties that are feeding out hogs for 
market. 
 

AR This column calculates the proportion of all hogs finished in each of the 
            “feeding counties”. 

 
AS The derived result in this column represents the number of hogs fed from  

45 to 250 pounds in each county. 
 

AT This figure records the number of chicken laying hens recorded in each 
county in1994.  These figures were used to scale the 1999 MN Crop and  
Livestock estimate of state levels. 21 

 
AU This column records the calculated proportion of chicken layers assumed to be 
            found in each county in 1999 based on scaling the 1994 figures. 

 
AV In this column the 1999 statewide number of laying hens is allocated in  

proportion to the 1994 reported county levels of laying hens. 
 

AW In this column the number of replacement layers, or pullets, is calculated  
for each of the counties. 
 

AX This column contains the number of broilers produced in each county in  
1994. 22  

 
AY With this column the proportion of statewide broiler production is  

calculated for each of Minnesota’s counties. 
 

AZ  In this column, the 1999 statewide reported figure is allocated among the  
counties of MN in proportion to the way they occurred in 1994, the last date 
with county-level resolution. 
 

BA This column contains the number of turkeys produced in each county in 
1994. 23 

 
BB This column contains the calculated proportion of statewide total that 

turkey numbers were in each county in 1994. 
 

BC This column identifies the top 27 “Turkey  Production Counties”. 
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BD This column contains the derived proportion of the turkey breeder flock expected  
 in each county. 

 
BE This column of figures derives the number of turkey breeders, with toms  

representing 8% of the breeding flocks. The flocks are assumed to eat this  diet 
from weeks 30-58 of their lives. The 1999 statewide turkey breeding flock 
is thus allocated to counties around the state in proportion to the incidence  
of turkeys found in 1994.24 
 

BF This column derives the number of turkey replacement hens and 
toms needed as replacements, and the amount of feed they eat from  
weeks 0-30 of their lives.25  
 

BG This column contains the allocated number of turkeys in the “consumer hen”  
category fed out in each Minnesota County.26  
 

BH This column contains the allocated number of turkeys in the “heavy hen”  
category fed out in each MN County. 27 
 

BI This column contains the allocated number of turkeys in the “ heavy tom”  
category fed out in each county.28 

 
 

The worksheet CornBarPile, which refers to the combined feed requirements that 

can be met by feeding of either corn or barley.  On a pound for pound basis, barley is 

generally considered 88% as effective as corn in feeding most species and classes of 

livestock.29  In addition, a bushel of barley consists of 48 pounds, while a bushel of corn 

consists of 56 pounds.  To put bushels of barley on an equal nutritional footing with 

bushels of corn it is necessary to multiply bushels of barley by the factor of .88 and also 

by .857 (which results from the test weight differences 48/56). Taken together, a bushel 

of barley is equivalent to .75416 bushels of corn. 
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Chapter 5.0 

Analysis and Interpretations 

 

From the data on this worksheet it was possible to determine whether a county 

was surplus or deficit with respect to the corn equivalents needed to feed the livestock 

population.  Table A-4, in the Table Appendix contains the county-by-county 

breakdown of corn equivalent consumption by the various livestock categories in bushels 

of corn. 

The worksheet SBMpile, referring to the feed requirements for each category of 

livestock in each county, compiles the soybean meal by multiplying the dietary 

requirement by the number of animals in each category for each county (as determined in 

Eaters).  This process allowed for the production of tables like those produced for 

CornBarPile, which in this case, identify the amounts of soybean meal consumed by the 

major categories in each county.  The figures are expressed in tons in Table A-5, 

contained in the Table Appendix.   From this data, Map B-3 in the Map Appendix was 

derived.  The worksheet Oatspile offered the same opportunities for analysis, but the 

situation was simpler with beef calves below 500 pounds as the only consumers of oats. 

The worksheet NetGrTraf, which refers to “net grain traffic”, repeats the 

production data from Grainprod, but then it subtracts the amounts of grain (corn, oats, 

and barley) eaten by the livestock in the county to determine the net grain traffic.  This 

figure may be positive or negative, indicating either exports of grains and oilseeds or else 

the import of feeds. To adjust for size of counties, the figure “Tons of Grain Leaving 

County” was divided by the number of square miles in farms to gain a sense of the 

intensity of road use.  This variable is mapped in Map B-5.  In addition, work was carried 

out in this table to determine the values of grain and oilseeds with such variables as 

“Value of Grain Production”, “Value of Grain Consumed” and “Value of Net Exports” or 

(Imports).  These figures are compiled in Table A-7, contained in the Table Appendix.  

Additionally, it was interesting to learn the percent of county production leaving the 

county in each case. 
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Map B-1. , which is contained in the Map Appendix (B), shows that the 

livestock of Martin County consume the greatest amount of corn of any county in the 

state, with larger Stearns County just behind, both feeding over twenty million bushels of 

corn. In contrast, 29 counties (primarily in the northern half of the state or in the metro 

area) feed less than one million bushels of corn or its equivalent.  Figure 5.1 below 

shows the consumption of corn by the four major livestock classes in the state. 

 
 
Figure 5.1 
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Map B-2, contained in the Map Appendix, shows the amounts of corn available 

to be shipped out of each county after meeting its feed requirement (exportable surplus) 

or the amount that must be imported (feed deficit) into the county.  Seventeen northern 

counties plus Ramsey County in the metro area, have feed deficits.  The largest deficit 

occurs in Becker County, whose livestock population requires the import of 2,438,000 

bushels of corn to fulfill the needs of the local livestock.  Other counties with high corn 

imports include the following:  Roseau (2,101,954), Todd (2,096,622), Red Lake 

(2,040,289) and Morrison (1,905,263). Although not shown on the map, the following 

counties utilize the smallest percentages of their corn production in the feeding of 

livestock:  Traverse (7%), Wilkin (9%), Faribault (9%), and Chippewa (10%). 
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Besides livestock consumption, large portions of the Minnesota corn crop are 

processed and exported from the state.  Figure 5.2 displays our estimate of the 

disposition of Minnesota 1999 corn crop of 990 million bushels.  Industrial uses of corn 

represented by ethanol and sweetener production used 132.5 million bushels of corn, or 

13% of the 1999 corn crop, while livestock consumed 390 million bushels, or 39% of the 

1999 corn crop.  Although industrial processing enterprises have received much publicity 

in recent years, the consumption of grain by Minnesota livestock remains the dominant 

value-added activity in the use of grains.  One hundred forty million bushels of corn were 

transported by rail to Pacific Northwest ports for export to Pacific Rim Countries.  

Approximately 200 million bushels were shipped by barge from the Twin Cities and 

Winona primarily for export from Gulf Ports, while 40 million bushels were exported by 

ship from Duluth-Superior.  Ninety million bushels went all over North America, 

primarily by rail to destinations such as Mexico, the Southwest feed market, the 

Southeast feed market and out of state corn processors.30 

 
 
Figure 5.2 
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By 2002 the destination patterns for Minnesota corn can be expected to change in 

several ways.  Foremost is the dramatic expansion of ethanol production in the state that 

is occurring as a result of the ban on the use of the chemical MTBE as an oxygenate of 

gasoline in certain domestic markets.  Figures supplied by the Minnesota Department of 

Agriculture identify a 40 percent expansion in this activity to occur between June 2001 

and the end of 2002.31  The share of the corn crop consumed by Minnesota livestock can 

be considered stable; however, more plentiful supplies of distillers dried grain and 

solubles (DDGS) may induce livestock producers to feed more of this feed and less corn 

and soybean meal.  Further growth in corn movements to the Pacific Northwest and 

Mexico will also occur, primarily at the expense of the shares destined for Duluth-

Superior, and the Mississippi River. 

Map B- 3, contained in the Map Appendix, portrays the tonnages of soybean 

meal required by resident livestock in each of the counties.  From the map one can 

observe that 45 counties consume less than 20,000 tons of soybean meal each year.  

However, four counties (Martin, Kandiyohi, Stearns and Morrison) consume from 80,000 

to 156,000 tons, which would have required the meal produced from 3,800,000 to 

6,500,000 bushels of soybeans.  Martin County is the top hog-producing county in the 

state, while the counties of Kandiyohi, Stearns, and Morrison are major poultry 

producers.  Stearns and Morrison are also major dairy counties. 

Figure 5.3 portrays the quantities of soybean meal that are consumed by each of 

our four livestock categories.  Minnesota livestock consumed the soybean meal produced 

from 97 million bushels of soybeans, or 34 % of the 1999 Minnesota crop. Of the 

soybean meal eaten by poultry, turkeys eat 78% following by laying hens (14 percent) 

and broilers (8 percent).  
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Figure 5.3 
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Figure 5.4, which follows, allows a detailed comparison of corn and soybean 

meal consumption levels among livestock species. Note that laying hens consumed more 

soybean meal than beef cattle in 1999. 

 
Figure 5.4 
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Soybeans are typically transported from counties of production to large, industrial plants 

where, after processing, oil and protein meal are separated from the raw soybeans. Each 

sixty pound bushel of soybeans typically yields 47.5 lb. of soybean meal ( 80% by 

weight) and 11 lb of soy oil. After soybean crushing and feed formulation and pelleting, 

soybean meal is transported to the counties with livestock that need it in their rations.   

Figure 5.5 shows our estimate of the disposition of the1999 Minnesota soybean 

crop of 283 million bushels. Minnesota soybean crushers have the capacity to crush 102 

million bushels of soybeans. 32  Our calculations determined that 97 million bushels 

would be necessary to provide the meal being fed in the state, as shown on Map B-3.  

Forty-five million bushels were exported by vessel from Duluth-Superior, while 65 

million bushels were shipped by barge down the Mississippi River, primarily for export 

from Gulf Ports.  Over 13 million bushels were shipped by rail to the Pacific Northwest 
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for export.  The remaining 60 plus million bushels traveled primarily by rail to processors 

in the United States and Mexico. 33 

 

Figure 5.5 
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Two new soybean crushing plants are being built in Minnesota at the towns of 

Brewster and Fairmont in 2002.  Upon completion, the share of Minnesota soybeans 

crushed in the state will increase from 34% of the crop to nearly 50% of the state’s 

soybean crop.  It is unlikely that livestock numbers will grow in sufficient numbers in the 

short term to eat the additional soybean meal produced by these new plants. Proposals to 

produce biodiesel from the oil component of the soybeans crushed in Minnesota have 

probably not increased the need for expansion in soybean crushing capacity, for there 

were ample supplies of soybean oil in the state at existing crushing levels. 

After reducing county-level grain production by the amounts of corn, barley, and 

oats consumed by local livestock, one can determine the tonnage of grain and oilseeds 

requiring transport to processing plants (ethanol, sweeteners, and soy products) as well as 

to export channels.  These figures are expressed in tons and help identify areas of the 

state where roads and railroads receive the heaviest freight volumes as grain leaves the 

respective counties.  This data is portrayed in Map B-4. 
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  Map B-5 is related to Map B- 4, starting with the tonnages of grain and oilseeds 

to be moved out of the counties.  In the case of Map B-5, the grain and oilseed tonnage 

figures are then divided by the square miles of farms in each county.  For example, 

Watonwan County will likely export 577,913 tons of grain and oilseeds from its 400 

square miles of farms, or 1,445 Tons per square mile of farms, as noted on Table A-6, 

contained in the Table Appendix. 

Table A-7, in the Table Appendix, adds another layer of meaning to the 

production, consumption, and movement of grain and oilseeds.  This table offers 

information on the value of the crops produced in 1999, the value of the amounts of corn, 

barley, and oats consumed by livestock, and also the value of the grain exports leaving 

each county.  
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Chapter 6.0 

  Summary 
 

Efforts to quantify and understand the dynamics of livestock consumption of 

Minnesota produced grains require tenacity, rigor, and the assistance of knowledgeable 

animals scientists.  The intricacies of retaining adequate numbers of young stock to 

maintain breeding herds and flocks were challenges necessitated by the lack of data about 

certain animal categories.  In this paper a methodology utilizing linked spreadsheets in an 

Excel workbook was adopted in order to produce verifiable results and managing 

assumptions. Numerous tables, graphs, and maps were generated in order to express 

volumes of crops in bushels, tons, and dollars of market value.  What has been learned 

about the importance of livestock consumption of local crops in 1999?  With respect to 

corn, this study identifies the consumption of 37% of the corn crop by livestock.  In 

addition, 34% of the soybean crop is crushed to satisfy the dietary requirements of 

livestock residing in the state. Review of published data on soybean crushing reveals that 

current crush capacity is closely matched with the required total amount of soybean meal 

measured following numerous calculations in this study.  A map was produced that 

visually demonstrates the surplus and deficit counties with respect to the production and 

usage of corn and barley.  There are also areas of the state with excellent production of 

grains and oilseeds that have minor livestock populations to utilize feed grains.  We know 

that in some cases there is utilization of distillers dried grains and solubles  (DDGS) by 

turkeys, swine, dairy, and beef cattle.  However, we have learned from trade sources that 

the majority of the DDGS produced by Minnesota ethanol plants is dried and shipped out 

of the state to be fed to livestock in other states.   

Further work is underway to refine data on the movement patterns of grain by 

modes of transportation including trucks, unit trains, and river barges.   However, 

accounting for local patterns of grain and feed consumption is crucial to understanding 

the volumes of typical Minnesota grain production destined to fulfill needs for human 

food, livestock feed, and industrial uses beyond Minnesota’s borders. 
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