


High -Moisture vs. Dry Barley on Typical 
Red River Valley Cash Grain Farms 

R. BLACK AND H. R. JENSEN 

DPRING THE LAST DECADE, the practices of harvesting, 
storing, and feeding high-moisture corn were explored experimentally 
by research institutions and adopted by many farmers. Advantages 
often cited, as compared with conventionally harvested corn, in
clude: earlier and faster harvesting, minimum operations and equip
ment, reduced labor, smaller field and storage losses, and an equal 
or greater feeding value. 

But barley, not corn, is the major feed crop in the Red River 
Valley. Can barley be handled as a high-moisture crop with ad
vantages comparable to those of high-moisture corn? In 1960, per
sonnel of the Northwest School and Experiment Station, Crookston, 
began an experiment to find out. 

An SO-acre field of Traill barley was divided into 12 uniform 
strips. Odd-numbered strips were harvested by direct combine when 
grain was at approximately 30 percent moisture. The grain was 
stored in an oxygen-free, steel silo. Barley in even-numbered strips 
was harvested and stored in the conventional manner. Yields were 
recorded; combine and shattering losses were determined; the labor, 
equipment, and machinery used in harvesting, storing, and feeding 
were listed. 

Data were collected on combine settings and adjustments, varia
tions in maturity of barley heads at harvest, percent smut, soil tests, 
and weather conditions at harvest time. Chemical analyses were 
made on representative barley samples. The stage of wild oat de
velopment and the amount of wild oat shattering were determined 
for each plot. Viability of wild oats after storage under the two 
systems also was studied. 

* R. Black is a graduate assistant and H. R. Jensen is a professor, Department of 
Agricultural Economics, University of Minnesota. This bulletin was prepared under Minne
sota Agricultural Experiment Station Project 1145-H. 

The authors gratefully acknowledge E. C. Frederick, D. Reimer, E. C. Miller, B. C. 
Beresford, 0. C. Soine, and B. E. Youngquist of the Northwest School and Experiment 
Station who actively participated in the research. However, economic interpretations are 
those of the authors. 



To compare the feeding value of dry versus high-moisture 
barley, feeding trials averaging 155 days were conducted in 1960-61 
and 1961-62. Forty medium-grade yearling Hereford steers were 
randomly separated into four lots of 10 steers each. Four treatments 
were used: 

1. Rolled dry barley without alfalfa hay. 

2. Rolled dry barley with alfalfa hay. 

3. Rolled high-moisture barley without alfalfa hay. 

4. Rolled high-moisture barley with alfalfa hay. 

Steers not receiving alfalfa hay were fed a special supplement. 
At the beginning of the trial, half of the steers in each lot were 
implanted with 24 mg. of stilbestrol. Table 1 summarizes the steer 
feeding treatments; table 2 summarizes the total experiment con
cermng dry and high-moisture barley to date. 

Table 1. Daily ration per steer in feeding trials 

Lot number 

Ration 2 3 4 

Rolled dry barley* Ad lib Ad lib 

Rolled high-moisture barleyt Ad lib Ad lib 
Alfalfa hayt 4 lb. 4 lb. 
Supplement§ 1 lb. 1 lb. 

* Barley harvested in conventional manner and dry rolled before feeding. 

t Barley stored at 30 percent moisture and rolled when removed from the gaslight silo 
immediately before feeding. 

tAll lots received alfalfa hay ad lib until steers were on full feed; then amounts fed 
were reduced as shown. 

§ Supplement consisted of: 60 percent dehydrated alfalfa meal, 30 percent dried beet pulp, 
and 10 percent ground limestone. 

Table 2. Points to consider when evaluating conventional 
and high-moisture barley systems 

Points to consider 

Harvesting: 
Method 

Swathing 
Combine 
Combine speed 

Conventional 
barley system 

Barley swathed at 20 
percent moisture; allowed 
to dry in the swath until 
moisture falls to 10-13 
percent; then combined 

Necessary 
Pickup attachment needed 

3.8 acres per hour 

High-moisture 
barley system 

Barley direct combined 
at approximately 30 
percent moisture 

Not necessary 

Direct-cut bar needed 
2.8 acres per hour 

-------- -------



Table 2 (continued). 

Points to consider 

Harvest dote 

Harvest conditions 

Wild oats 

Yield 

Storing: 
Method 
Volume and weight 
to handle, haul, 
and store 
Method of gelling 
barley into storage 

Percent wild oats 
germinating after 
storage 
Storage hazard 

feeding: 
Method of preparing 
barley for feeding 

Characteristics of 
rolled barley 
Quality maintenance 
of prepared barley 

Feeding value 

Marketing shrink 
for fed beef 

-·-----~-------

Conventional 
barley system 

Several days later than 
high-moisture barley 

When grain is "dry" 

Shatter on the field 
before harvest 
Figured at a similar mois
ture content, trial yields 
were lower than yields 
of high-moisture barley 
due to shattering 
1960-Conditions ideal: 
58.5 bushels per acre 
1961-lrregular maturity 
due to drought: 34.4 
bushels per acre 

Open grain bin 

less than high-moisture 
barley because of lower 
moisture content 
With auger 

90 percent 

Rodents and insects 
may gel into grain 

Must crack kernel 

More fine material than 
wi·th high-moisture barley 

May be rolled and 
stored for feeding 

Appears to be the same 
as high-moisture barley 

3, 1 percent on the average 
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High-moisture 
barley system 

Earlier than dry barley, 
thereby lessening chances 
of storm loss and bird 
and insect damage 

On clear days or at night, 
with dew, or in a light rain 
Twice as many wild oats 
harvested 

Figured at a similar mois
ture content, trial yields 
were higher than yields of 
dry barley 

1960-Conditions ideal: 
64.1 bushels per acre 
1961-lrregular maturity due 
to qrought: 42.9 bushels 
per acre 

Gaslight structure 

More than dry barley 
because of higher mois
ture content 
With blower 

No germination 

Grain spoils if oxygen 
enters the storage 
structure 

Must crush kernel. A 
roller mill can be used 
if rollscrapers are attached 
to prevent barley from 
building up on rolls. Rolls 
with 16 grooves per 
inch are recommended. 
Rolls into a uniform, 
flattened, flakelike kernel 

May be rolled and stored 
for several weeks if tem
perature is below freezing. 
At 70° F., the barley heats 
within 2 days. 

Appears to be the same as 
dry barley 

4.5 percent on the average 



In this report, we consider some economic implications of these 
experimental data by applying the data to a concrete farm situa
tion. Comparisons are made of returns per acre from high-moisture 
barley marketed as bee£, dry barley marketed as beef, and dry barley 
marketed as feed grain. This information is basic to answering the 
more fundamental question of whether adding a winter beef feeding 
enterprise to a typical cash grain farm in the Red River Valley 
can be expected to increase net farm income. 

The Procedure Used 
We derived the farm organization of a representative cash grain 

farm (378 acres) in the Red River Valley from information gathered 
for a farm adjustment study.1 We used survey data to determine 
supplies of available resources-cropland, capital, labor, machinery 
complement, and wheat allotment. l\1oreover, we assumed non
compliance with the 1964 Feed Grain Program. University of Min
nesota agronomists and soil scientists developed attainable average 
yields given specified inputs. The farm's expected net cash income 
based on existing organizational patterns in the Valley, attainable 
yields, and longrun price projections is about $7,850.2 

Given the farm's existing organization and resource supplies or 
restrictions, we studied the profitability of adding a steer feeding 
enterprise utilizing either dry or high-moisture barley. Since unit 
costs may decrease with increases in size of the bee£ feeding enter
prise, profitability of adding this enterprise may be associated with 
its size. Therefore, we calculated costs and labor requirements for 
low-mechanized feedlots ranging in size from 20 to 120 head with 
either one or two lots of short-fed yearlings per year. Costs included 
in the analysis were all variable costs for equipment already owned 
and all annual costs for additional investments. Our data about 
feedlot performance came from the 1960-63 Crookston feeding trials 
and from results at other experiment stations. 

To derive high-moisture barley yields given potential average 
dry barley yields, we used a mean yield increase of 17 percent 
(average of the 1960 and 1961 trials). For example, if the expected 
barley yield under conventional harvesting methods is 44 bushels 

1 J. S. Holt and H. R. Jensen. 1965. Effects of Policy Programs and Capital Availability 
nn Red River Valley Farms. Univ. of Minn. Agr. Exp. Sta. Bull. 480. 

'Net cash income is net of variable costs-costs incurred only if production takes 
place. Fixed costs such as depreciation, interest on investment, insurance, and taxes are 
incurred even with no output. Items such as fuel, lubrication, repairs, seed, fertilizer, 
herbicides, and pesticides are classified as variable costs. No charge was imputed to family 
labor. · · 
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Beef-an alternative use for barley on farms in Minnesota's Red River Valley. 

per acre, the expected high-moisture is '1<4 times 1.17 
or 51.5 bushels per acre. Apparently, the increase is significant. 
However, it cannot be specified with much confidence given our 
limited observations. 

We set the for the longrun projected sale price medium-
quality yearling fed steers at $0.89 per hundredweight ( cwt.) above 
the purchase price for feeder steers. This difference reflects the 
average margin for short-fed yearlings between 1951-60 as reported 
by southern .Minnesota farm management associations. However, 
we also examined the impact of shortrun variations the buying-
selling margin beef. 

In summary, we derived estimates of investments and annual 
costs per steer with conventional and high-moisture barley feeding 
systems. With these estimates, we then examined returns per acre 
of barley marketed as bee£ in comparison with barley, oats, and 
wheat marketed as grain and with flax marketed as a cash crop. 
Our particular interests concerned the and of feeding enter
prise that might be added to increase farm income through a fuller 
use of available resources. 

Average attainable crop yields given specified inputs are shown 
table 3. Table 4 shows the resources used for crop production. 

6 



-->. 

Table 3. Crop yield estimates with assumed production practices on representative farm (per acre basis)* 

Recommended rate of 
fertilizer application Weed control Insect control 

Seeding 
Crop Yield N P205 K20 Chemical Method Chemical Method rate 

pounds 
.. pounds per acre ...... per acre 

Wheat"! 36 bu. 8 30 0 2,4-D & Amine Sprayer 90 

Wheat* 35 bu. 30 30 0 Amine Sprayer 90 

Oats§ 75 bu. 45 30 0 MCPA Sprayer Aldrin Mixed with seed 72 

Barley:j: 45 bu. 25 30 0 Amine Sprayer 84 

Barley§ 44 bu. 45 30 0 Amine Sprayer 84 

Flax§ 15 bu. 35 15 0 MCPA & Dolaponji: Sprayer 50 

Alfalfa: 
lst year 0 0 0 0 2,4-D & Dalapon Preplan! 9 

Each succeeding 
or spray 

year . 3.5 tons 0 68 0 Methoxychlor Spray 0 

*Data developed by M. V. Halverson, extension soils specialist; H. J. Otto, extension agronomist; and W. F. Hueg, Jr., assistant director, Agricultural 
Experiment Station; University of Minnesota. 

"[ First year following legume fallow. 

:j: Second year following legume fallow. 

§ Without fallow. 
ji: Also DATC (Avadex) for wild oat control. 
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Table 4. Resources used for crop production per ac1·e on representative farm 

Resource Wheat* Wheatt Oats:j: 

Seed 4.15 4.15 4.50 

Fertilizer 3.64 6.39 8.26 

Weed control 0.55 0.55 0.85 

Seed treatment-insecticides 0.40 0.40 0.40 

Fuel and repair 2.02 3.24 3.24 

labor§ 1.11 2.07 2.07 

* First year following legume fallow. 

t Second year following legume fallow. 

j: Without fallow. 

Barley·i· Barley:J: 

dollars per acre 

4.37 4.37 

5.76 8.26 

0.55 0.55 

0.40 0.40 

3.24 3.24 

hours per acre 

2.07· 2.07-
1.97 1.97 

Flax+ 

3.70 

5.69 

5.50 

3.30 

2.14 

1st 
year 

6.30 

3.50 

2.62 

1.98 

Alfalfa 

Subsequent 
years 

5.98 

2.00 

7.67 

4.42 

legume 
fallow 

.12 

2.40 

1.96 

§ In !he analysis, these total labor requirements were broken down into periods according to seasonal demands. Two labor figures are listed for barley: 
the first is for dry barley and the second for high-moisture barley. 



The representative £arm's organization and resource supplies or 
restrictions are outlined below, together with price projections used 
in our analysis. These data provided the framework within which 
we did the budgeting. 

Present organization 

Land use: 
Wheat3 

Barley4 

Oats 
Legume fallow5 

Alfalfa hay6 

Flax 
Total cropland 
Farmstead and lots 
Total farm acres 

Labor restrictions 

Labor, operator and family: 
Period 1: January-March 
Period 2: April-May 
Period 3: June-July 
Period 4: August 
Period 5: September-October 
Period 6: November-December 

Capital restrictions7 

Real estate credit 
Chattel credit 
Cash account 
Total capital available 

Credit generated as a 
percent of original investment8 

Steel silo 

Acres 

63 
104 

78 
45 
12 
62 

364 
14 

378 

Hours 

389 
592 
632 
349 
607 
333 

Dollars 

11,385 
4,304 
3,375 

19,065 

Percent 

20 

3 Forty-five acres· of wheat are 1st year following legume fallow; 18 acres are 2nd 
year following legume fallow. 

Twenty-seven acres of barley are 2nd year following legume fallow; remaining barlev 
and other cereals are without legume fallow. • 

5 Based upon North Dakota Red River Valley data: approximately 50 percent of the 
wheat is produced on fallow land; about 14 percent of the cropland is in normal con
serving acres (hay, pasture, and legume fallow). 

"We assumed that alfalfa is down 10 years-10 years between the time of seeding 
and breaking up. 

7 We derived real estate and chattel credit restrictions by subtracting any outstanding 
debts against these assets from their estimated market value and dividing the resulting 
sum by two. The cash account includes cash on hand or near-cash (stocks and bonds) 
plus grain and livestock inventories minus any claims against these assets. The total 
capital available to the representative farm equals the sum of real estate credit, chattel 
credit, cash account, and credit generated by additional investment. 

8 When an investment is made, the credit base increases by some percentage of the 
investment value. For example, steers are 100-percent self-financing. Therefore, additional 
assets do not have to be mortgaged to provide collateral for purchasing steers. 
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Metal grain bins 
Blower 
Roller mill 
Manure loader 
Steers 
Feedlot 

Power and machinery setup 

Tractor 
flow .............. . 
Combine ........ .............. .. .... . 

Swather 
Grain drill 

Field cultivator . 
Disk 
Harrow· .. ... . .................................................. . 
Weed sprayer . . . .. ........ . 
Mower .................... . 
J\1:anure spreader ................................ . 
Hayrake ... . ... ...... . .. ... ... ..... . ...................... . 
Trailer wagon ...... . ..... . 
Grain auger ... 

Interest rate 

Real estate credit 
Chattel other than steers . 
Steers ....................................... . 

Commodity and input prices used 
-~~-----

Commodity: 
Wheat 
Barley 
Oats ...... ........................... . .............................. . 
Flax . ... . . ............................................... . 
Beef (paid) 
Beef (received) 
Alfalfa . . . .. .... . .. . .. ... . ............. . 

Seed: 
Wheat 
Barley 
Oats 
Flax 
Alfalfa 
Sweetdover 

Fertilizer: 
N 
P205. 

Supplement 
Gasoline 

10 

Gas 

40 
50 
50 
50 

100 
15 

3/14-inch bottom 
12-foot auxiliary 

motor 
12-foot pull type 
12-foot with ferti-

lizer attachment 
12-foot 
IS-foot single 
32-foot 
30-foot boom 
'7-foot 

10-foot side delivery 

Transport 

Percent 
----

5.5 
6.5 
6.0 

Unit Price 

Bu. 1.40 
Bu. 0.'77 
Bu. 0.55 
Bu. 2.86 
Cwt. 21.23 
Cwt. 22.12 
Ton H,.oo 

Bu. 2.86 
Bu. 2.50 
Bu. 2.00 
Lb. 0.074 
I, b. 0.70 
I. b. 0.14 

Lb. 0.125 
Lb. 0.088 
Ton 74.00 
GaL 0.193 



Taxes 

Property 

Unit 

$ 

Levy 

190 mills on 
33o/o of original cost 

Surplus labor 

Period 1: January-March 
Period 2: April-May 
Period 3: June-July 
Period 4: August 
Period 5: September-October 
Period 6: November-December 

feeding 

Hours9 

255 
313 
332 
113 
92 

224 

Information in table 2 suggests that high-moisture barley is at 
least as good a feed concentrate as is dry barley. This stateinent 
IS supported by a statistical analysis of the feeding trial data sum-

Table 5. A summary of the 1960-62 steer feeding trials* 

Rolled dry barley Rolled high-moisture barley 

Ration 2- Ration 4-
Ration 1- alfalfa Ration 3- alfalfa 

Factor supplement hay supplement hay 

.. pounds per steer ......... 

Average initial weight 784 784 784 784 

Average final weight 1,131 1,157 1,177 1,144 

Average daily weight gain: 
All steerst 2.25 2.43 2.50 2.34 
Non implanted steers 2.07 2.18 2.31 2.35 
Implanted steers 2.44 2.67 2.66 2.33 

Average daily feed intake:t 
Barley 17.47 17.72 18.24 17.66 
Alfalfa hay 2.58 5.36 3.29 5.92 
Supplement 0.71 0.71 

Average feed per cwt. gain: 
Barley 776 734 732 757 
Alfalfa hay ... 114 220 129 252 
Supplement 32 28 

* E. C. Frederick, et al. Sept. 20, 1962. High Moisture Ensiled Barley for Fattening Steers. 
CB-4. Univ. of Minn. Northwest School and Experiment Station, Crookston, and Department of 
Animal Husbandry. 

t Includes steers implanted with stilbestrol and those not implanted. 

t All feed weights are on an air-dry basis. 

"Surplus labor is labor remaining after the overhead labor (labor used in maintenance 
and repair of equipment, management, etc.) and the labor used for crop production are 
subtracted from the total labor supply. Therefore, surplus labor is the labor available for 
adding a beef feeding enterprise-the focus for this study. 
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Table 6. A summary of the 1962-63 steer feeding trial 
of dry barley* 

Rolled dry barley and alfalfa hay (ration 2) 

Factor 

Average initial weight .................................................. . 

Average final weight .......................................... .. 

Average daily weight gain: 
All steers ............................ . 
Nonimplanted steers . 
Implanted steers: 

1st 43 days .................................................................... . 
2nd 43 days ................................................................ .. 
3rd 43 days .................................................................... . 

Average daily feed intake: 
Barley: ........................................................................................ .. 

1st 43 days ................................................................ .. 
2nd 43 days ...................................................... . 
3rd 43 days .............................................. .. 

Alfalfa hay: ................................................................... . 
1st 43 days ...... .. ............................ . 
2nd 43 days ............................................ .. 
3rd 43 days ............. . 

Average feed per cwt. gain: 
Barley: .............................................. . 

1st 43 days ............................................................... .. 
2nd 43 days ................................................................ .. 
3rd 43 days .................................................................... . 

Alfalfa: ...................................................................................... . 
1st 43 days ................................................................ .. 
2nd 43 days ................................................................ .. 
3rd 43 days .................................................................... . 

Lot 1 Lot 2 

803 

1,120 

........... pounds per steer ...... 

2.46 
2.29 

2.86 
2.49 
2.20 

18.86 
16.64 
19.75 
20.18 

4.83 
6.69 
3.91 
3.91 

767 
582 
794 
997 
197 
234 
157 
193 

803 

1,098 

2.29 
2.15 

2.63 
2.79 
1.44 

19.07 
17.01 
20.17 
20.03 

4.43 
5.78 
3.67 
3.82 

834 
648 
723 

1,389 
194 
220 
132 
265 

*E. C. Frederick, et. al. Sept. 19, 1963. High Moisture ancl Dry Wile/ Oats for FaHening 
Steers. CB·5. Univ. of Minn. Northwest School and Experiment Station, Crookston, and Depart· 
ment of Animal Husbandry. 

marized in tables 5 and 6. Differences in average daily gain and 
differences in barley intake among treatments (rations) in table 5 
were not statistically significant. The average percentage gain in 
weight of the stilbestrol implanted steers receiving rations 1 through 
3 was 18.3 percent greater than the weight gained by nonimplanted 
steers receiving the same rations. Steers receiving ration 4 did not 
respond to implantation. 

Table 6 summarizes the dry barley portion of the 1962-63 
feeding trial. The trial was conducted in a manner comparable to 
earlier trials. However, it lasted only 129 days compared to 170 
days for the first and 140 days for the second trial. Results from 
this trial supported those from the preceding trials (table 5). For 
example, the 0.17 pound difference in average daily gain and the 
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64 pound difference in feed required per cwt. gain between ration 
treatments in table 6 are unexplained by treatment differences. Niost 
performance variation in the 1960-63 trials may have resulted from 
nontreatment variation and, particularly, from experimental animal 
variation. 

For example, in any given year, a farmer may have a group 
of cattle performing parallel to those of lot q in the 1962-63 trial 
(table 6). Note that steers in this treatment gained well over the 

first 86 days; but in the last 43 days, they required 1,025 pounds 
of feed (average daily feed intake of 20.03 pounds of barley plus 3.82 
pounds of alfalfa hay times 43 days) to put on 62 pounds gain 
(1.44 pounds average daily gain times 43 days). In any given year, 
steers might be marketed at a lower grade, at a narrower buying
selling margin, at lower than expected market weights, or at higher 
than anticipated feed requirements. A potential feeder must consider 
the impact of nature's and the market's uncertainties upon his in
come and capital position. 

To check the feeding trial data from Crookston, we compared 
them with other experimental results. 0. E. Kolari, of the Univer
sity's animal husbandry department, averaged data fr01n several 
experiments involving feedlot performances of cattle fed barley 
rations (table 7). He wanted information for estimating expected rate 
of gain, daily feed intake, and feed required per cwt. gain. Average 

Table 7. A summary of several steer fattening experiments 
utilizing dry barley* 

Factor 

Experiments 
Cattle 
Days fed 

Average initial weight 
Average final weight 
Average daily weight gain 

Average daily feed intake: 
Barley 
Protein supplement 
Hay 

Average feed per cwt. gain: 
Barley 
Protein supplement 
Hay 

Rations high 
in hay 

......................... number ... 

13 
352 
138 

Rations with 
little or no hay 

13 
634 
157 

........ pounds per steer .... 

756 
1,093 

2.42 

14.7 
0.8 
8.3 

610 
33 

348 

733 
1,120 

2.39 

17.4 
1.6 
0.8 

729 
65 
35 

* 0. E. Kolari. Sept. 9-10, 1963. "Feed Consumption of Cattle Fed fo1· Beef." Minn. Nutri
tional Conference for Feed Manufacturers and Dealers. pp. 36-47. 
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daily gains and feed required per cwt. gain from the Crookston dry 
barley experiments were essentially within the range of results ob
tained from Kolari's summaries. Therefore, we used the data from 
the Crookston experiments. 

Of course, experimental data such as we present here reflect 
conditions somewhat more "ideal" than those on the farm. H an 
animal becomes sick during an experiment, it is removed in order 
to prevent distortion of treatment effect. Therefore, experimental 
data must be discounted somewhat for realistic on-the-farm results. 

For this analysis, we averaged the 1960-62 Crookston results 
of the rolled dry barley with supplement (ration 1) and the rolled 
high-moisture barley with supplement (ration Table 8 sum
marizes the input-output data used in this analysis. 

Table 8. Steer feeding inputboutput data used in this analysis 

Factor 

Average initial weight 

Average final weight 

Average weight gain 

Average daily weight gain . 

Marketing shrink of steers: 
On dry barley, at rate of 3.1% . 
On high-moisture barley, at rate of Lt5% .. 

Death loss, at rate of 0.6% * 
Average beef marketed on: 

Dry barley 
High-moisture barley 

Average feed per cwt. gain:t 
Barley 
Hay 
Supplement 

Average feed times cwl. gain: 
Barley 
Hay 
Supplement 

Salt and minerals 

Stilbestrol implant 

Average adjusted feed requirements: 
Barley* 
Hay§ 

Unit 

lb. 

Lb. 

lb. 

lb. 

Lb. 
tb. 

lb. 

Cw!. 
Cwl. 

lb. 
lb. 
lb. 

lb. 
lb. 
lb. 

lb. 

Mg. 

Bu. 
Ton 

Amount per steer 

784 

1,151 

367 

2.37 

36 
52 

7 

11.08 
10.92 

754 
121 
30 

2,770 
445 
110 

9.4 

24 

59.1 
0.24 

* Average death loss between 1952-61 of short-fed yearlings and 2-year-olds, reported by 
members of Southeastern, Southwestern, and West Central Farm M.anagement Services. 

t Air-d,·y basis. 
tActual requiremenis adjusted upward 2.5 percent for storage and handling loss. 

§Actual requirements adjusted upward 5.0 percent for storage and handling loss. 
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Labor Requirements 
In the Crookston trials, records were kept of time spent for 

feeding, feed rolling, bedding, observing, removing manure, and 
caring for and treating sick animals. From these data and from 
information gathered from 59 southern lVIinnesota farmers during 
the 1956-57 feeding year/0 we constructed table 9. 

Table 9. Labor requirements by ration and number of cattle fed* 

Tasks by ration fed 

Dry barley-feeding, feed 
rolling, bedding, observing, 
and treating sick animals: 

Hours per head . 
Hours per lot 

High-moisture barley
feeding, feed rolling, 
bedding, observing, and 
treating sick animals: 

Hours per head . 
Hours per lot .. 

Manure removal: 
Hours per head .. 
Hours per lot . 

20 

6.18 
124 

6.41 
128 

1.31 
26 

Number of head per lot 

40 60 80 100 120 

4.76 4.28 4.04 3.89 3.79 
190 257 323 389 455 

4.93 4.43 4.19 4.03 3.93 
197 266 335 403 472 

0.75 0.56 0.47 0.41 0.38 
30 34 37 41 45 

* In the analysis, these hourly requirements per lot were broken down into periods ac
cording to seasonal demands. 

Storage Space 
For this analysis, we assumed that no storage space currently 

exists for barley; hence, all barley storage required for the feeding 
enterprise is new investment. Therefore, on farms with storage space, 
investment and annual costs will be less than those presented here. 

The dry barley storage consists of circular metal grain tanks 
on concrete slabs. Initial costs, credit generated, and annual costs by 
volume are presented in table 10. Investment per bushel is based 
on an average of three widely used brands of grain tanks. 

Since high-moisture barley in the Crookston experiment was 
stored in a glass-lined steel silo, the cost of high-moisture barley 
storage is based on the cost of glass-lined steel tower silos delivered 
to the farm and erected. Because of the special skill required for 

10 R. G. Johnson and T. R. Nodland. Mar. 1960. Labor Used in Cattle Feeding. 
Univ. of Minn. Agr. Exp. Sta. Bull. 451. 
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Table 10. Investment, credit base generated, and annual costs 
per bushel for dry barley storage tanks 

Storage Investment Credit base Annual costs per bushel t 
capacity* per bushel generated (15-year amortization) 

bushels ................ dollars ..... 

1,000 0.392 0.157 0.048 
1,500 0.368 0.147 0.045 

2,000 0.344 0.138 0.042 
2,500 0.323 0.129 0.039 

3,000 0.308 0.123 0.038 
3,500 0.298 0.119 0.036 

4,000 0.288 0.115 0.035 
4,500 0.280 0.112 0.034 

*Maximum capacities, allowing for settlement of barley in storage as well as use of the 
area between eaves and roof. The capacity to eaves ranges from 85 !o 90 percent of maximum 
capacity. 

t Annual costs include principal and interest (constant annual payments) and maintenance 
at 0.5 percent, insurance a! 0.5 percent, and taxes at 1.25 percent of initial investment. 

construction, a cost is included. Moreover, storage loss is also 
part of the cost. Because the Crookston feeding trials did not pro
vide on storage losses, other sources were used for 
estimating this amount. The storage loss used was 2.25 percent, 
the average for three high-moisture corn experiments at the Univer
sity o£ Illinois (unpublished data) . 

But and losses are Il.ot the only cost 
in figuring storage costs. Building materials also must be included. 
To arrive at building material costs, the space required to store 
the dry and the high-moisture barley needed to feed out a given 
number of steers must be determined. 

Space requirements for dry grains are well established. To store 
48 pounds of barley (13 percent moisture) requires about L 25 cubic 
feet. However, considerably more variability exists for silage; for 
high-moisture grains such as barley, space requirements are not 
specifically known. Obviously, the number of pounds of feed-with 
emphasis on dry matter-that can be stored in a given space di
rectly affects storage costs. 

In the 1960-61 feeding trials at Crookston, 65 percent of a 14-
by 40-foot glass-lined silo was filled with 2,562 bushels of high
moisture barley_ll The storage space required per bushel was esti
mated to be 1.56 cubic feet. But the density or weight per 
foot of high-moisture barley is expected to vary with height and 

21 A bushel is measured on the basis of 48 pounds of 13 percent moisture barley. 
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Table 11. Investment, credit base generated, capacity, and annual 
costs for glass-lined, oxygen-free, steel silos 

Initial investment 
Invest- Annual 

Tower silo Credit ment per cost per 
dimensions Silo* Unloadert Total generated Capacity bushel bushelt 

feet .................... dollars .......... bushels . .... dollars ...... 

17 by 40 8,471 1,000 9,471 1,894 6,537 1.449 0.182 

17 by 50 . 9,464 1,000 10,464 2,093 8,649 1.210 0.151 

20 by 40 9,875 1,000 10,875 2,175 9,051 1.201 0.150 

20 by 50 11,226 1,000 12,226 2,445 11,986 1.020 0.127 

* Includes silo, concrete, backfill, floor, electrical wiring, shipping, and erection. 
t Sweep-arm auger with two horsepower motor. 
t The silo is amortized over 15 years and the silo unloader over 10 years. Maintenance 

costs, insurance costs, and taxes are at 0.5, 0.5, and 1.25 percent of initial investment, respec
tively. Annual costs would have .been higher by 18 to 26 percent if based on the space require
ment of 1.56 cubic feet per bushel. 

diameter of silo. Therefore, we did not consider the average of 1.56 
cubic feet per bushel sufficiently accurate as a basis for estimating 
storage space for high-moisture barley. Instead, we used a density 
function (weight per cubic foot at different silo heights and di
ameters) for high-moisture barley derived from a density function 
for 32 percent moisture cracked corn. Figure 1 shows density func-
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tions for high-moisture barley based on high-moisture corn density 
functions adjusted for differences in weight.12 

Given the information on density functions for high-moisture 
barley derived from those for high-moisture corn in figure 1, we 
developed table 11. This table outlines capacities and costs asso
ciated with high-moisture barley storage structures considered in 
this analysis. 

feedlot And Equipme11f 
The central concern of this report is the profitability of adding 

a beef feeding enterprise to a typical cash grain farming system. 
The profitability may depend on whether cost economies to size 
exist for the enterprise. We approached this question by first esti
mating the investment required for obtaining the equipment and 
building the housing and feedlots necessary for lot sizes ranging 
from 20 to 120 head. 

We considered a loafing shed, a feedlot with fenceline grain and 
hay bunks, windbreak or shelter against prevailing winds, a 
"working corral" that can hold at one time all steers being fed. The 
plan a moderately low-mechanization system. Low
mechanization refers to method of grain feeding-by shovel or 
basket from a wagon. Labor can by purchasing an auger 
feed wagon. But unless labor is scarce or has a high premium placed 
upon such a not appear economical most 
lot sizes in study. 

Space requirements and building and equipment costs are pre
sented in table 12. The loafing shed is a clear span pole-type; the 
watering system includes an electric double waterer and 50 feet of 
pipe and wiring to bring water to the lot. The grain feedbunk 
the waterer have a 7-foot concrete apron. The working corral has a 
holding pen, a truck-load-size crowding pen, a loading chute, and 
a working chute. These facilities are the minimum necessary for 
sorting and marketing and for treating illness. 

A roller mill and front-end tractor loader are required with 
either the dry barley or high-moisture system. A silage blower 
also is needed for the high-moisture system. 

Feedlot costs per head (table 13) fall rapidly as size increases 
to approximately 80 head per year; then the decline becomes slower. 
Investment per head in equipment (table 14) for the dry barley 

12 The weight of high-moisture barley occupying a given space equals about three
fourths of the weight of 32 percent moisture cracked-shelled corn. 
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Table 12. Space requirements and feedlot and equipment costs 
for beef feeding entel'prise * 

Requirement 

loafing shed 
Feedlot 
Holding pen 
Grain bunk 
Hay bunk .. 

Feedlot costs:t 
Concrete (4-inch slab) 
loafing shed ....... 
Feedlot fence 
Windbreak fence 
Fenceline grain bunk 
Fenceline hay bunk . .. ................................................ . 
Working chute .... .. ....................... .. 
Holding pen fence ......................... .. .......................................... .. 
loading chute ........................................................................................... .. 
Waterer, electric (includes water heater) ............................................. . 
Pipe and wiring for water system, 50 feet ......................................... .. 

Equipment costs: 
Roller mill and discharge auger, 100 bushels/hour .. 
Front-end tractor loader .............................................................................. , .......... . 
Blower .................................................................................................................................. .. 

Amount 

space per head 
25 square feet 

200 square feet 
20 square feet 
24 inches 
12 inches 

.. ..... dollars .. 

0.30 per square foot 
0.85 per square foot 
1.1 0 per foot 
1.50 per foot 
2.75 per foot 
1 .30 per foot 
3.00 per foot 
1 .20 per foot 
135.00 
125.00 
60.00 

900.00 
500.00 
900.00 

* Building costs represent 1963 estimates using locally purchased materials and family 
!abor; supply of family labor is considered sufficient to permit construction without hiring labor. 

t For buildings considered, see: Beef Equipment Plans, Univ. of M-inn. Agr. Ext. Serv., 
Copyright 1963 Midwest Plan Service, Iowa State Univ., Ames, Iowa. 

Table 13. Feedlot investment, credit base generated, and annual 
costs per head for beef feeding enterprise 

lot 
size 

head 
20 
40 

60 
80 

100 
120 

Investment per head 

One lot Two lots 

Credit base generated 
per head 

One lot Two lots 

Annual cost per headt 

One lot Two lots 
per year per year* per year per year* per year per year* 

.......................................................................... dollars ...................... .. 
69.60 
52.78 

46.70 
43.54 

41.61 
40.25 

34.80 1 0.40 5.20 
26.39 7.80 3.90 

23.35 
21.77 

20.80 
20.12 

7.00 
6.50 

6.20 
6.00 

3.50 
3.25 

3.10 
3.00 

10.33 
7.75 

6.82 
6.35 

6.05 
5.85 

5.16 
3.87 

3.41 
3.17 

3.02 
2.93 

*When two lots of animals are run through per year, the number of head fed per year 
is twice the lot size. 

t Based on a 15-year amortization period with equal annual payments for principal plus 
interest. Exception to the 15-year period is a 10-year amortization period on the electrical 
waterer. Insurance, maintenance, and taxes are charged at annual rates of 0.5, 0.5, and 1.25 
percent of the initial investment, respectively. 
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Table 14. Equipment investment, credit base generated, and annucil costs per head for beef feeding enterprise 

Investment per head* Credit base generated per head Annual cost per head t 

Dry barley High-moisture barley Dry barley High-moisture barley Dry barley High-moisture barley 

lot One lot Two lots One lot Two lots One lot Two lots One lot Two lots One lot Two lots One lot Two lots 
size per year per yead per year per year+ per year per year+ per year per year+ per year per year:J: per year per year+ 

head 

20 70.00 35.00 115.00 57.50 35.00 17.50 57.50 28.75 10.95 5.47 18.00 9.00 

""' 40 35.00 17.50 57.50 28.75 17.50 8.75 28.75 14.37 5.50 2.75 9.00 4.50 0 

60 23.30 11.70 38.30 19.15 11.70 5.85 19.15 9.58 3.65 1.82 6.00 3.00 

80 17.50 8.75 28.80 14.40 8.75 4.37 14.40 7.20 2.75 L37 4.50 2.25 

100 14.00 7.00 23.00 11.50 7.00 3.50 11.50 5.75 2.20 1.10 3.60 1.80 

120 11.70 5.85 19.20 9.60 5.85 2.92 9.60 4.80 L80 0.90 3.00 1.50 
---------

* Equipment investment for both dry barley and high-moisture barley sys'o:ns consists of a roller mill and discharge auger and front-end manure loader. 
In addition, the high-moisture barley system indudes inve.stment in a silage blower. 

t Based on a 10-year amortization period with equal annual payments for principal plus interest. Insurance and taxes are charged at annual rates of 
0.5 and 1.25 percent of the initial investment, respectively. 

~When two lots of animals are run through per year, the number of head fed per year is twice the lot size. 



system includes a roller mill and discharge auger. This investment 
per head would be $45 and $~~.50 less at the ~0 and 40 head per 
year volumes, respectively, if barley is custom rolled. The break
even point between custom rolling and owning a mill of the size 
considered is between 40 and 50 head per year. Of course, this alter
native is not available with the high-moisture system. 

Total Investment And Annual Cost 

Per Head For Barley Storage, 

Feedlot, And Equipment 
Figure ~ shows the investment per steer for dry and high

moisture barley systems. For flexibility and because convection 
currents may cause moisture problems, we restricted the dry barley 
system to grain tanks not exceeding 4,000 bushels each. 

The discontinuous investment curves (discontinuities shown by 
dotted lines, figure ~) for the high-moisture barley system result 
from consideration of only four distinct silo sizes. Investment per 
steer with the high-moisture barley system is considerably higher 
than with the dry barley system because of the higher equipment 
and storage investment. Total investment per steer for the high
moisture system is ~.4, 2.~, ~.1, and ~.6 times the dry system in
vestment at 110, 146, ~03, and ~~0 steers per year, respectively. 

Annual cost per steer (figure 3) consists of the annual cost of 
the investment in barley storage, feedlot, and equipment plus: 
veterinary and medical, $1; marketing, $4; commercial feed, $~.50; 
bedding, $1.90; feeding, $1.60-$~.40; manure removal, $0.55-$1.93; 
miscellaneous, $1.50; and property tax on livestock, $1.60; less a $3 
manure credit. 

The bedding charge consists of out-of-pocket costs of raking, 
custom baling, and straw hauling. The feeding cost is an estimate 
of the out-of-pocket cost of feeding with a tractor and wagon, with 
variation according to the time required to feed. Manure removal 
costs vary with the time required to perform the task. This time 
per head decreases with number of steers fed. Miscellaneous costs 
include the out-of-pocket cost of running the feed roller and filling 
storage facilities. The property tax, incurred only if steers are in the 
lot on May I, is paid only if two lots are ;marketed per year. 

In all instances, the cost per head of running through two lots 
per year is slightly less than the cost of running through one lot, 
even with the property tax and higher miscellaneous costs. The re-
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Figure 2. Investment per steer for barley storage, feedlot, and equipment in 
relation to number of steers fed. 



duction in the feedlot and equipment cost per head resulting from 
their multiple use outweighs these additional costs. 

From figure 3 the following annual cost ratios of the high
moisture system over the dry barley system can be derived: 1.43: 1 
at llO head, 1.34:1 at 146 head, 1.28:1 at 203 head, and 1.43:1 at 
220 head. The 20- by 50-foot silo handles 203 head per year; annual 
costs per head are higher for larger lots due to higher storage costs 
of two 17- by 40-foot silos. 

With an expected mean yield increase of 17 percent for high
moisture barley over dry barley, and with similar per acre costs 
for growing and harvesting, a high-moisture barley enterprise ap
parently is not an alternative to the dry barley system given the 
storage structures considered. To become an alternative, the storage 
cost must decrease. At an annual volume of 203 head, the storage 
cost of high-moisture barley would have to decrease by one-third 
before the high-moisture barley: dry barley cost ratio would equal 
the high-moisture barley: dry barley yield ratio. 
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Figure 3. Annual cost per steer in relation to number of steers fed. 
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Resources Used And Income Generated 

By A Feeding Enterprise 
With the existing representative farm organization and ex~ 

pected barley and alfalfa yields, 78 steers bought in October and 
sold in March could be fattened annually. To do this utilizing the 
dry barley feeding system, the farmer has to: (1) invest $6,190 
in buildings and equipment, (2) borrow $13,790 annually to pur
chase steers and to cover out-of-pocket costs of the feeding enter
prise, and (3) expend an additional 350 hours to earn, on the 
average, $246 more net farm income than is generated by the exist
ing cash crop farm organization. On the average, the expected net 
farm income is about $420 higher than with the existing farm 
organization if enough storage capacity is already available to meet 
requirements of the feeding enterprise. 

However, the year-to-year variation in net farm income would 
probably increase substantially due to year-to-year variation in the 
buying-selling margin and in feedlot performance. If, for example, 
the selling price per cwt. is the same as the buying price per cwt. 
(instead of $0.89 higher as we assumed in this analysis), the farmer 
earns about $300 less than he would without the feeding enterprise. 
A 10-percent decrease in average daily gain would have about the 
same effect. 

To place barley marketed as beef in as strong a competitive 
position as possible, we estimated returns per acre on the basis of 
feeding and marketing two lots per year. For a given number of 
steers, feeding and marketing two lots per year give lower costs per 
steer than feeding and marketing one lot because of savings in 
housing and equipment. 

Figure 4 shows the annual income per acre from a feeding 
enterprise (two lots per year) net of out-of-pocket costs for already 
owned crop machinery and of all costs for additional investment. 
A 15-year amortization period is used; no charge is imputed to labor. 
Annual returns per acre of high-moisture barley marketed as beef 
are always less than returns per acre of dry barley marketed as 
beef, even though more steers can be fed with the same amount 
of land under the high-moisture system. 

Barley marketed as beef is not competitive in terms of income 
with most major alternative crop enterprises (figure 4) . At an 
annual volume of 110 head, the net income per acre of barley 
marketed through beef is $21.90 with the dry barley system and 
$16.80 with the high-moisture system. These amounts compare 



with the following returns in cash crop alternatives, assuming no 
£allow: barley, $17.05; oats, $24; flax, $24.70; and wheat, $30.37. 

With 203 head annually, the net income per acre of barley sold 
through bee£ is $23.21 with the dry barley system and $21.50 with 
the high-moisture system. I£ we use the 1956-63 average Minnesota 
barley price 13 o£ $0.89 per bushel, the net cash income per acre 
o£ continuously cropped barley is $22.34. An annual volume o£ 140 
head is required before the expected net income per acre o£ dry 
barley sold through bee£, two lots per year, becomes the same as 
the net cash income per acre o£ barley sold at $0.89. No labor charge 
is included in this comparison. 

The high-moisture system is not competitive at any volume 
i£ the 1956-63 average barley price is used. But i£ the projected 
feed grain price o£ $0.77 per bushel is used, the income per acre 
£or high-moisture barley marketed as bee£ equals the per acre re
turns from barley sold for cash at 120 head. 

The amortization period considerably affects the expected an
nual income per head or per acre. As indicated earlier, we used a 
15-year period in this analysis. Some people may consider this 
period relatively short due to the life expectancy o£ such assets as 
grain bins, sheds, and silos. However, technology changes rapidly; 
obsolescence must be considered when setting the time period de
sired for an asset to pay £or itself. Moreover, many managers are 
not interested in an investment i£ it doesn't at least pay out in 
15 or 20 years. And when they consider the returns they have to 
forego on short-term investments, some managers may not even 
be interested i£ an investment cannot pay for itself in 10 years. 

A 20-year amortization period (instead o£ the 15-year amortiza
tion period used in this analysis) increases returns per acre 12-14 
percent for high-moisture systems and 5-8 percent for conventional 
systems. I£ a 10-year amortization period is used, returns decrease 
by slightly higher percentages. 

The size o£ the feeding enterprise is restricted by various re
source limitations. I£ two lots o£ 70 head each are fed annually, 
the available family labor in September-October is exhausted. 
Capital supply is not a size restriction o£ the dry barley feeding 
system within the sizes we consider. But capital availability limits 
the high-moisture system to 203 head annually. 

18 This price reflects sales of both malting and feeding barley, whereas our assumed 
price reflects a longrun projection of the price of feed barley. Price ratios among other 
product prices, 1956-63 averages, correspond closely to our projections. 
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Figure 4. Estimated annual income per acre (net of out-of-pocket costs for 
already owned machinery and of all costs for additional investment) for dry 
and high-moisture barley marketed as beef in relation to number of steers fed 
and to returns per acre (net of out-of-pocket costs) for oats and barley marketed 
as cash crops. The estimated income per acre for barley marketed as beef is 
based on feeding and marketing two lots annually. 



Conclusions 
In this analysis, we examine the economics of fattening yearling 

steers with barley in the Red River Valley. In particular, we in
vestigate whether adding a dry barley or a high-moisture barley 
feeding enterprise to a 378 acre cash grain farm increases the farm's 
net income. 

The relationships derived from experimental data and the 
projections made are crucial to the analysis. The following projec
tions are particularly important: 

e The projected selling price of steers is greater than the 
purchase price by $0.89 per cwt. 

e Feeding values of dry barley and of high-moisture barley 
are practically the same. 

e The mean yield increase of harvested high-moisture barley 
averages 17 percent greater than that of dry barley. 

e The density function of high-moisture barley in storage is 
three-fourths of the 32 percent moisture density function for cracked
shelled corn. Therefore, for a given height of grain, the weight of 
high-moisture barley is three-fourths the weight of high-moisture 
corn. 

The only high-moisture storage we consider is a glass-lined 
steel silo suitable for grain or forage silage-the type used in the 
experiment. Other high-moisture storage structures, particularly 
those designed for grain storage, are being marketed. Examination 
of all types marketed would be too difficult. Moreover, silage quality 
and storage losses may vary among types. However, the analysis 
can be extended with information about these storage structures 
and about their effects on silage quality. 

Our analysis indicates that the addition of a steer feeding enter
prise of 40 or more head (two lots per year of 20 each) using dry 
barley and the existing cropping system results in a slightly increased 
net farm income if barley is priced at feed grain prices. 

To establish a steer feeding system, barley storage structures 
often must be provided. Storage structures for high-moisture barley 
are more costly than those for dry barley. Therefore, the additional 
income from marketing more beef per acre (due to higher barley 
yields) must more than offset the additional storage costs. With 
the high-moisture system, at the volume of steer feeding where costs 
per head are at a minimum, costs still remain considerably higher 
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than with the dry barley feeding system. In fact, the cost of storage 
structures must decline at least 33 percent before net income per 
acre of barley for the two feeding systems is equaL 

The mention of trade names in this publication does not imply endorsement; failure 
to mention names does not imply criticism. 
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