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PnaltfaJuUtif of . . . 

Field Crop Rotations 

WILLIAM G. BROWN AND M. M. OVESON' 

Introduction 

Acreage allotments confront farmers with the problem of what to grow on acres diverted from 
wheat production.   Information on the yields and costs of alternative crops is currently needed.   Even 
in the absence of wheat acreage restrictions, farmers need information on costs and returns from 
other crops to know whether or not they can improve their present farming system.   The following 
economic analysis is presented to help you choose the most profitable cropping system. 

Source  of  Data 
A large number of rotation experiments have been conducted at the Pendleton Branch Experiment 

Stations.   The first complete crop year for most of the rotations was 1931, and these experiments 
were carried through the 1953 crop year—23 years.   Average yields for each crop in the rotation 
are given in table 1, page 2. 

Yields in table 1 would apply only to areas with soil and climatic conditions similar to those of the 
Pendleton Station.   The soil at the Pendleton Station is Walla Walla silt loam, according to the soil 
survey issued March 1948.   Rainfall over the 23 years of the rotations averaged 16 inches per year. 

Estimated  Returns for Various Rotations 
Average yearly profit margins over cash operating costs per acre of cropland have been 

estimated for the 22 crop rotations, and are presented in table 1.   Yearly total income per acre for 
each rotation was obtained by multiplying the average annual yield by the 1955 price received by 
Oregon farmers. 

Operating costs in table 1 were based on the estimated requirements per acre for a 700-acre 
farm, about the average-sized farm in the higher rainfall area of Umatilla County.   These operating 
costs are made up of the cash expenditures necessary to maintain crop production.   No charges 
were included for items such as land taxes and interest on the land investment because these items 
should not vary with the rotations.   Similarly, no charge was made for the operator's labor.   Labor 
requirements over that which could be supplied by the farm operator were, however, charged.   The 
items of expenditure also included fuel, seed, supplies, labor, and machinery repair and depreci- 
ation.   Thus, rotations in table 1 with higher labor and machinery requirements, such as corn 
or alfalfa rotations, have higher operating costs per acre. 

A limitation on the usefulness of the margins per acre in table 1 arises because of the nature of 
cost estimates.   Costs per acre vary from farm to farm, depending on the size of operation, 
efficiency, etc.   Cost and return figures in table 1 are intended only as a guide to the relative 
profitability of the various rotations. 

1 / Assistant agricultural economist, Oregon Agricultural Experiment Station, and agronomist, 
Pendleton Branch Experiment Station. 

Crop yield research was cooperative with the Western Soil and Management Section, Soil and 
Water Conservation Research Division, Agricultural Research Service, U. S. Department of 
Agriculture. 



TABLE 1.   Estimated Profit Margins for 22 Crop Rotations Tested at the Pendleton Branch 
Experiment Station 

Rota- 
tion 
no. Rotation 

Average 
yield per 
harvested 

acre 

1955 
price per 

unit 

Average 
annual 
gross 

income 
per acre of 

cropland 

Average 
annual 

operating 
costs per 
acre of 

cropland* 

Profit 
margin per 
acre over 
operating 

costs 

Per cent 
of fallow-winter 

wheat profit 
margin 

(rotation 1) 

1 Fallow 
Winter wheat 41.4 bus. $2.00/bu. $41.40 $10.05 $31.35 100 

2 Fallow 
Spring wheat 41.9 bus. $2.00/bu. $41.90 $10.17 $31.73 101 

3 Fallow 
Winter barley 54.6 bus. $1.00/bu. $27.30 $ 9.75 $17.55 56 

4 Fallow 
Spring barley 61.7 bus. $1.00/bu. $30.85 $ 9.92 $20.93 67 

5 Fallow 
Oats 65.5 bus. $0.67/bu. $21.94 $ 9.73 $12.21 39 

6 Fallow 
Spring wheat 
Oats 

41.1 bus. 
29.6 bus. 

$2.00/bu. 
$0.67/bu. 

$36.01 $10.92 $25.09 80 

7 Fallow 
Winter wheat 
Spring barley 

45.8 bus. 
22.3 bus. 

$2.00/bu. 
$1.00/bu. 

$37.97 $10.88 $27.09 86 

8 Fallow 
Winter wheat 
Spring wheat 

45.5 bus. 
14.2 bus. 

$2.00/bu. 
$2.00/bu. 

$40.47 $11.12 $29.35 94 

9 Fallow 
Winter wheat 
Fertilized 
spring wheat 

45.5 bus. 

21.9 bus. 

$2.00/bu. 

$2.00/bu. 

$44.93 $12.67 $32.26 103 

10 Fallow 
Winter wheat 
Winter wheat 

45.4 bus. 
12.3 bus. 

$2.00/bu. 
$2.00/bu. 

$38.47 $11.08 $27.39 87 

11 Fallow 
Spring wheat 
Spring wheat 

45.6 bus. 
15.4 bus. 

$2.00/bu. 
$2.00/bu. 

$40.67 $11.28 $29.39 94 

12 Spring wheat 
Corn 
Spring barley 

17.5 bus. 
17.2 bus. 
30.0 bus. 

$2.00/bu. 
$1.70/bu. 
$1.00/bu. 

$31.41 $13.96 $17.45 55 

* Operating costs include only charges for fuel, repairs, seed, supplies, depreciation and interest on 
the machine investment, and for labor over that which could be furnished by the farm operator. 



TABLE 1 (cont.)   Estimated Profit Margins for 22 Crop Rotations Tested at the Pendleton 
Branch Experiment Station 

Rota- 
tion 
no. Rotation 

Average 
yield per 

harvested 
acre 

1955 
price per 

unit 

Average 
annual 
gross 

income 
per acre of 

cropland 

Average 
annual 

operating 
costs per 
acre of 

cropland * 

Profit 
margin per 
acre over 
operating 

costs 

Per cent 
of fallow-winter 

wheat profit 
margin 

(rotation 1) 

13 Fallow 
Winter wheat 
Corn 
Spring wheat 

45.1 bus. 
12.5 bus. 
19.6 bus. 

$ 2.00/bu. 
$ 1.70/bu 
$ 2.00/bu. 

$37.66 $12.38 $25.28 81 

14 Pea fallow 
Corn 
Winter wheat 
Spring barley 

26.9 bus. 
36.5 bus. 
25.0 bus. 

$ 1.70/bu. 
$ 2.00/bu. 
$ 1.00/bu. 

$35.95 $13.54 $22.41 71 

15 Rye fallow 
Corn 
Winter wheat 
Spring barley 

25.2 bus. 
28.7 bus. 
23.8 bus. 

$ 1.70/bu. 
$ 2.00/bu. 
$ 1.00/bu. 

$31.01 $12.28 $18.73 60 

16 Fallow 
Winter wheat 
Corn 
Ist-year 
alfalfa 

2nd-year 
alfalfa 

3rd-year 
alfalfa 

46.2 bus. 
20.7 bus. 

1,045 lbs. 

3,355 lbs. 

3,408 lbs. 

$ 2.00/bu. 
$ 1.70/bu. 

$28.80/ton 

$28.80/ton 

$28.80/ton 

$40.00 $13.55 $26.45 84 

17 Spring wheat 
Dry peas 

31.43 bus. 
13.12 cwt. 

$ 2.00/bu. 
$ 5.00/cwt. $64.00 $17.56 $46.67 149 

18 Winter wheat 
Dry peas 

30.12 bus. 
13.52 cwt. 

$ 2.00/bu. 
$ 5.00/cwt. $63.92 $17.56 $46.36 148 

19 Fallow 
Dry peas 
Spring wheat 

19.87 cwt. 
35.04 bus. 

$ 5.00/cwt. 
$ 2.00/bu. 

$56.48 $14.20 $42.28 135 

20 Fallow 
Spring wheat 
Dry peas 

43.81 bus. 
15. 07 bus. 

$ 2.00/bu. 
$ 5.00/cwt. 

$54.32 $14.34 $39.98 128 

21 Spring wheat 
Dry peas 
Dry peas 

33.34 bus. 
13.36 cwt. 
15.35 cwt. 

$  2.00/bu. 
$ 5.00/cwt. 
$ 5.00/cwt. 

$70.28- 519.72 $50.56 161 

22 Spring wheat 
Dry peas 
Dry peas 
Dry peas 

31.26 bus. 
12.58 cwt. 
13.68 cwt. 
13.28 cwt. 

$ 2.00/bu. 
$  5.00/cwt. 
$ 5. 00/cwt. 
$ 5.00/cwt. 

$85.06 &19.95 $45.11 144 

* Operating costs include only charges for fuel, repairs, seed, supplies, depreciation and interest on 
the machine investment, and for labor over that which could be furnished by the farm operator. 



Winter wheat after fallow, rotation 1 in table 1, is taken as the base with which the other 
rotations are compared.   For example, winter barley after fallow gave a per acre margin over costs 
of only $17.55 or 56 per cent of the winter wheat after fallow margin.   Spring barley after fallow 
fared somewhat better, resulting in a margin per acre of $20.93 or about 67 per cent of that for 
wheat after fallow. 

It should be remembered that the figures in table 1 assume the entire farm is planted to the 
specified rotation.   Thus, most of the rotations which do not contain wheat appear at a disadvantage 
if compared directly with rotations containing a large proportion of wheat.   For example, rotation 
6 (fallow—spring wheat—oats) gives a net margin of 80 per cent that of wheat after fallow as com- 
pared to only 67 per cent for spring barley after fallow (rotation 4).  The larger margin from 
rotation 6 results, however, from spring wheat, not oats.   The figures in table 1, therefore, must 
be interpreted carefully to decide which crops should be grown on diverted wheat acreage. 

Many crops in table 1 can be dropped from further consideration as possible alternatives to wheat. 
For example, oats and winter barley are clearly less profitable than spring barley.   Similarly, the 
cropping sequences with wheat or barley following wheat, rotations 7 to 12, are less profitable on the 
average than when the same crops are alternated with fallow.   Rotation 9 appears relatively more 
profitable than it should because of fertilizer effects.   Relative profitability of some rotations 
might be changed if most profitable rates of fertilizers were applied.   Actually, if fertilizer is used 
on wheat after fallow, it would also be more profitable.   Rotations 4 to 12 are, therefore, eliminated 
from further consideration although continuous cropping would occasionally be profitable in years 
with high moisture. 

In most cases, rotations containing corn were not profitable.   However, in rotation 14, wheat 
yields following corn were surprisingly high at 36.5 bushels per acre.   The possibility of following 
wheat with corn is discussed later.   Rotation 13 and 15 can be dismissed from further consideration. 

Rotation 16, containing 3 years of alfalfa, returned a net margin per acre of $26.45 or 84 per 
cent of the margin of straight wheat after fallow.   Although rotation 16 does show the possibilities 
of alfalfa, the rotation was not set up to obtain the maximum fertility value from alfalfa in the 
rotation.   A more recently designed alfalfa rotation will be examined later as a possible crop on 
diverted wheat acres. 

There was little difference between the profitability of spring wheat—peas and winter wheat—peas 
in table 1.   The higher yield of spring wheat after peas as compared to winter wheat after peas was 
almost offset by the lower yield of peas following spring wheat. 

Following fallow with peas in rotation 19 was more profitable than putting the wheat crop after 
the fallow as in rotation 20.   The higher margin over costs, $42.28, for rotation 19 was due 
partly to the favorable pea price in 1955 of $5. 00 per cwt. which was used in table 1.   As long as peas 
are $3. 60 or more per cwt. when wheat is $2.00 per bushel, however, it would pay to follow the 
fallow with peas rather than wheat, according to the estimated costs and yields in table 1. 

Spring wheat followed by two years of dry peas was the most profitable rotation in table 1, 
returning a margin over estimated operating costs of about $50. 00 per acre.   But the winter wheat— 
peas and spring wheat—peas rotations ran for a longer time (23 years) than the other pea rotations 
(10 years).   Therefore, the yields of spring wheat—peas—peas may be estimated too high compared with 
winter wheat—peas and spring wheat—peas.   Also, the high prices for peas in 1955 caused the high 
returns for rotation 21 and the other pea rotation in table 1.   Of course, if pea production were 
greatly expanded, pea prices would decline to feed-pea price levels. 



Profitability of Peas at Lower Prices 
In looking for some lower price to which dry peas could fall, the feeding value of peas becomes 

of interest.   Peas are an excellent feed and protein supplement for stock except that they are not 
efficient as the only supplement for poultry or for pigs not on pasture. /I    Feeding value of peas 
for cattle is about equal to that of a 50-50 mix of barley and cottonseed meal.   With given prices 
of barley and cottonseed meal, the feed price of peas can be easily computed. 

Feed pea value per cwt.   -  barley price per cwt.+cottonseed meal price per cwt. 
2 

In 1955 when barley averaged $2.21 per cwt. and cottonseed meal averaged $4.92, the feeding 
value of peas would have been around $3.56 per cwt.   Usually, cull peas for feed sell for con- 
siderably less than the computed feeding value, which indicates that some feeders in eastern Oregon 
may be overlooking a cheap source of protein. 

Since increased production of dry peas could force down the price, the pea rotations are com- 
pared with wheat after fallow in table 2 where peas are assumed to be worth only $3.56 per cwt. 
Other prices and costs remain at the same level as in 1955. 

Spring wheat followed by two years of peas was again the most profitable rotation involving 
peas.   With the cheaper price for peas, however, wheat followed by one year of peas was almost 
as good. 

Although most pea rotations were still more profitable than regular winter wheat after fallow, 
fertilized winter wheat after fallow was about as profitable as the rotations involving peas.   This 
conclusion may not be entirely fair to peas.   An upward trend in pea yields over the past 23 years 
indicates that present pea yields are slightly higher than the average over the entire period. /2_ 
These possible upward trends in pea yields are ignored in tables 1 and 2 in which average yields 
are used. 

Crops for Diverted Wheat Acres 
The more profitable rotations in table 1 can be considered alternatives to wheat on diverted 

wheat acres.   For this purpose it is assumed that the farmer had a fallow-wheat or a pea-wheat 
cropping sequence before the wheat allotment program, and that after the wheat acreage cutback 
he could put approximately one-third of his cropland into wheat each year.   Thus, with 700 tillable 
acres the farmer would be able to plant around 233 acres of wheat per year. 

If one-third of the total cropland were in wheat, one-third in regular fallow, and the rest of the 
land left idle, net income per acre would, obviously, be greatly reduced.   Where the diverted wheat 
acreage was assumed to be left idle, net margin per acre is estimated to be only 59 per cent of 
the margin for the regular wheat-fallow operation. 

A   Frank B. Morrison, Feeds and Feeding, 21st Edition, 1948, The Morrison Publishing Company, 
Ithaca, New York, pp. 90, 571-572, 1,118, 1,124. 

/2   According to statistical analysis, a yield of 16 cwt. of peas could have been obtained in the last 
year of the rotation (1953) under average moisture conditions as compared to 13 cwt. in tables 
1 and 2.   However, a slight decrease in yield was predicted for spring wheat yields in the later 
years of the rotation. 
A similar trend was predicted for pea yields following winter wheat, although less marked.   A 
yield of 15 cw^. of peas was predicted for the last year of the rotation with average moisture as 
compared to 13.5 cwt. in tables 1 and 2. 



TABLE 2. Estimated Profit Margins for Rotations Containing Dry Field Peas when Peas 
are Priced at Feeding Value 

Rota- 
tion 
no. Rotation 

Average 
yield per 
harvested 

acre 

1955 
price per 

unit 

Average 
annual 
gross 

income 
per acre of 

cropland 

• Average 
annual 

operating 
costs per 
acre of 

cropland* 

Profit 
margin per 
acre over 
operating 

costs 

Per cent 
of fallow-winter 

wheat profit 
margin 

(rotation 1) 

1 Fallow 
Winter whea i 41.4 bus. $2.00/bu. $41.40 $10.05 $31.35 100 

17 Spring wheat 
Dry peas 

.31.43 bus. 
13.12 cwt. 

$2.00/bu. 
$3.56/cwt $54.78 $16.51 $38.27 122 

18 Winterwheat 
Dry peas 

30.12 bus. 
13.52 cwt. 

$2.00/bu. 
$3.56/cwt. $54.19 $16.51 $37.68 120 

19 Fallow 
Dry peas 
Spring wheat 

19.87 cwt. 
35.04 bus. 

$3.56/cwt. 
$2.00/bu. 

$46.94 $13.50 $33.44 107 

20 Fallow 
Spring wheat   43.81 bus. 
Dry peas          15.07 cwt. 

$2.00/bu. 
$3.56/cwt. 

$47.09 $13.64- $33.45 107 

21 Spring wheat  33.34 bus. 
Dry peas         13.36 cwt. 
Dry peas         15. 35 cwt. 

$2.00/bu. 
$3.56/cwt. 
$3.56/cwt. 

$56.30 $18.32 $37.98 121 

22 Spring wheat 
Dry peas 
Dry peas 
Dry peas 

31.26 bus. 
12.58 cwt. 
13.68 cwt. 
13.28 cwt. 

$2.00A>u. 
$3.56/cwt. 
$3.56/cwt. 
$3.56/cwt. 

$50.82 $18.37 $32.45 104 

Fallow 
Fertilized 
winter 
wheat** 52.6 bus. $2.00/bu. $52.60 $15.05 $37.55 120 

* Same as for table 1 except for reduction in cost of pea seed corresponding to the lower selling price. 

** The yield of winter wheat after fallow at the Pendleton Station is increased by an estimated 11.2 
bushels by 60 pounds of elemental nitrogen, based on long-term fertilizer experiments. 



When one-third of the total cropland is diverted to fallow-spring barley, the net margin over 
operating costs is about 89 per cent that of the regular wheat-fallow rotation, according to cost and 
return figures in table 3.    However, dry field peas made greater returns than the wheat-barley 
combination under prices prevailing in 1955.   Spring wheat followed by two years of peas was most 
profitable with a net margin over operating costs of around $50. 00 per acre or 161 per cent of the 
regular wheat-fallow operation.   As was pointed out earlier, pea prices of $5. 00 per cwt. were 
favorable in 1955. 

For the modified cropping sequence in table 3, the pea fallow—corn—winter wheat rotation 
returns about 83 per cent of the margin per acre as the regular fallow-wheat operation.   Although 
more costly to grow than barley, net returns per acre were not much lower than for the wheat- 
barley combination.   Thus, if a farmer had the necessary equipment, corn could be a possibility. /!_ 

Alfalfa was also considered as a possible crop .on diverted wheat acres in table 3.   Despite 
higher costs per acre to allow for increased machinery and labor, the net margin per acre for the 
alfalfa rotation was greater than for the wheat-barley cropping combination.   The alfalfa and wheat 
yield figures for the alfalfa rotation in table 3 are results from an experiment started in 1943 at 
the Pendleton Station, which is still being conducted.   Due to the difference in years that the alfalfa 
rotation has run as compared to the other rotations, results are not strictly comparable.   Check 
yields of regular wheat and fallow for the alfalfa rotation experiment were, however, only 39. 7 
bushels per acre, compared to 41.4 for winter wheat after fallow from 1931 to 1953.   If anything, 
average yields for the alfalfa rotation might slightly underestimate the value of alfalfa when compared 
to the other rotations. 

Return figures for the alfalfa rotation were based on a wheat price of $2. 00 per bushel and a hay 
price of $28. 80 per ton, which was approximately the average price received by Oregon farmers in 
1955.   This hay price of $28.80 may be more than the farmer can get in some years if the hay has to 
be freighted to the Portland market.   The 1955 average Portland price for high quality hay less 
transportation charges from Pendleton would, however, have been close to the average Oregon price. 

For the 1956 hay crop, prices were lower.   If it is assumed that the farmer could receive only 
$24. 00 per ton, then the margin per acre over operating costs in table 3 would be reduced to about 
$30. 00 or 96 per cent that of the regular wheat-fallow rotation.   One disadvantage of alfalfa is that 
the yields vary greatly from year to year.   In the experiments, yields were down almost to 1/2 ton 
in some years and as high as 2 tons in other years.   On the other hand, alfalfa does increase soil 
productivity while reducing soil erosion. 

Limitations  and   Applicability   of   Results 
Yield results from the Pendleton Branch Experiment Station would apply only to areas with 

similar soil and climatic conditions.   Furthermore, crop prices fluctuate and costs vary from farm 
to farm and change over time.   To apply the cost and return figures in choosing a cropping sequence, 
farmers should substitute the prices they expect to prevail in the future in place of the 1955 crop 
prices used in tables 1 and 3. Similarly, it would often be advisable to adjust operating costs up or 
down to fit conditions on a particular farm. 

/I   H. Marr Waddoups, Progress Report, Possible New Dryland Crops in Umatilla County, Station 
Circular of Information 561, July 1956, p. 4. 



TABLE 3.   Estimated Profit Margins, 1955 Prices, for Various Combinations of 
Rotations where Wheat is Restricted to One-third of Total Crop Acres 

Average 1      Average 
annual annual Profit Per cent 

Average gross operating margin per of fallow-winter 
yield per Assumed income costs per acre over wheat profit 
harvested proportion per acre acre of operating margin 

Rotation acre of acreage of cropland cropland costs 

Fallow „ 1/3 
Winter wheat 41.4 bus. 1/3 $27.60 $ 9.23 $18.37 59 
Idle — 1/3 

Fallow   1/2 
Winter wheat 41.4 bus. 1/3 $37.88 $10.01 $27.87 89 
Spring barley 61.7 bus. 1/6 

Spring wheat 31.43 bus. 1/3 
Dry peas 13.12 cwt. 1/3 $52.95 $14.95 $38.00 121 
Fallow — 1/6 
Spring barley 61.7   bus. 1/6 

Winter wheat 30.12 bus. 1/3 
Dry peas 13.52 cwt. i/3 $52.90 $14.95 $37.95 121 
Fallow — 1/6 
Spring barley 61.7 bus. 1/6 

Fallow   1/3 
Dry peas 19.87 cwt. 1/3 $56.48 $14.20 $42.48 135 
Spring wheat 35.04 bus. 1/3 _ 

Fallow   1/3 
Spring wheat 43.81 bus. 1/3 $54.32 $14.34 $39.98 128             . 
Dry peas 15.07 cwt. 1/3 

Spring wheat 33.34 bus. 1/3 
Peas 13.56 cwt. 1/3 $70.28 $19.72 $50.56 161 
Peas 15.35 cwt. 1/3 

Ist-year alfalfa 0.42 ton 1/12 
2d-year alfalfa 1.73 tons 1/12 
3d-year alfalfa 1.43 tons 1/12 
4th-year alfalfa 1.31 tons 1/12 
Fallow — 1/12 
1st wheat crop 43.4   bus. 1/12 $43.94 $11.95 $31.99 102 
Fallow — 1/12 
2d wheat crop 48.5   bus. 1/12 
Fallow — 1/12 
3d wheat crop 50.9   bus. 1/12 
Fallow — 1/12 
4th wheat crop 50.4   bus. 1/12 

Pea fallow   1/3 
Corn 26.9   bus. 1/3 $39.58 $13.48 $26.10 83 
Winter wheat 36.5   bus. 1/3 



Processing crops are not included in this study since these crops are usually contracted for 
by the processor, and costs and returns are difficult to estimate.   Green peas are, of course, an 
important crop in the higher rainfall area of Umatilla County, and farmers must consider processing 
crops if maximum profits are the goal. 
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