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The peppermint industry is the largest commercial herb industry

in the United States. Oregon is the largest peppermint producing

state with nearly 60 percent of the total United States peppermint

oil production. There is a need for economic information about current

and future prospects for the national peppermint industry as it relates

to Oregon.

This study describes: (1) the development of the peppermint in-

dustry in the U.S. and Oregon; (2) production practices and relevant

cost factors that influence production decisions; (3) market arid de-

mand characteristics exhibited by the peppermint industry; (4) the

peppermint industrys supply-demand relationships as they interact

to determine peppermint price; and (5) future issues which may have

an influence on the peppermint industry.

The U.S. peppermint industry has evolved from its early be-

ginnings in Massachusetts to its current status as the world-wide

dominant producer of quality peppermint oils. Based on historical

behavior patterns, it appears that harvested acreage is a leading
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indicator of future production trends. Oregon, being the largest

peppermint producing state, tends to expand acreages rapidly and re-

duce acreages slowly. Other production states are more flexible in

making acreage adjustments.

Cultural practices for peppermint production utilize highly

specialized equipment and require extensive technical knowledge.

Emerging issues such as rising energy costs, soil and water conser-

vation, disease, and environmental concerns will affect cultural

practices in the future.

Production costs for the three peppermint producing regions of

Oregon were developed and analyzed. Stand establishment, irrigation,

fertilization, and harvest constitute a large percentage of total pro-

duction costs. Also, production costs per pound of oil produced are

quite sensitive to changes in yield levels. Additionally, capital

investment requirements for production of peppermint are large.

The marketing structure of the peppermint industry is composed

of four principal elements: producers, buyers, users, and retailers.

Between 700 to 900 producers across the U.S. sell peppermint oil to

four buyers and five major users. Because of the concentration of

buyers, a potential oligopsony exists in the peppermint industry.

The demand for peppermint oil is derived demand. Most of the

peppermint oil used domestically is consumed as a flavoring for

chewing gum and toothpaste. Foreign demand has been steadily in-

creasing over the past 20 years and accounted for 36 percent to 76

percent of the annual total U.S. production during that period.



A peppermint price determination model was specified for the U.S.

using three-stage least-squares estimation techniques. In this model,

supply depends on U.S. yield, U.S. harvested acreages, and changes in

stock levels. Each was found to be price inelastic, suggesting that

total peppermint oil supply is price inelastic. Both foreign and do-

mestic demand for peppermint oil were estimated as a function of price,

income, and other variables. Empirical results suggest both demand

curves are price inelastic with domestic demand relatively more price

inelastic than foreign demand. The price inelasticity of peppermint

supply and demand helps to explain the large variation in peppermint

prices during the past 10 years.

A marketing order was recently adopted by the spearmint industry.

The peppermint industry may be faced with a similar alternative in

the future. Factors such as a concentrated production area, a small

number of growers, and a price inelastic demand, identified in this

study, suggest that a marketing order could be successful for the pep-

ermint industry. These and many other factors must be studied with

the cooperation of producers, buyers, and users if a marketing order

for peppermint oil is to be adopted.
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THE PEPPERMINT INDUSTRY: SITUATION AND OUTLOOK
WITH EMPHASIS ON OREGON

CHAPTER I

The peppermint industry is the largest commercial perennial herb

industry in the United States. Peppermint plants (Mentha peperito) are

desired for their oil produced in glands located mostly on the under

surface of their leaves. Peppermint oil is used as a flavoring agent

in chewing gum, candy, toothpaste, and medicine. In 1979, the value of

the total U.S. peppermint crop was in excess of $48 million. Although

the peppermint industry is relatively small, as compared to major U.S.

agricultural crops, it is very complex in nature requiring specialized

equipment and extensive technical knowledge.

Oregon is the largest peppermint producing state with nearly 60

percent of the total United States peppermint oil production. During

the past 20 years, the acreage of peppermint cultivated in Oregon has

tripled from 15,000 acres in 1960 to 55,000 acres in 1979. Peppermint

is the fourth largest cash crop in Oregon. In 1979, Oregon produced

peppermint oil valued in excess of $30 million. Because of their in-

volvement and commitment to peppermint production in Oregon, peppermint

oil buyers and users, lenders, input suppliers, researchers, as well as

producers, are concerned about current and future prospects of the pep-

permint industry.

The objectives of this study are the following:

(1) describe the development of the peppermint industry in
the United States and Oregon,

(2) describe production characteristics and practices in the
U.S. and Oregon and identify relevant cost factors that
influence production decisions,
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(3) describe the market and demand characteristics exhibited
by the peppermint industry identifying the underlying
market structure and foreign and domestic consumption
behavior,

(4) develop a price analysis model to specify the pepper-
mint industry's supply-demand relationships as they
interact to determine peppermint price,

(5) identify future issues which may have an influence on
the peppermint industry and discuss implications in
regard to future changes and adjustments in the pepper-
mint industry.

Peppermint growers particularly need this information to evalu-

ate short-run and long-run changes in the industry when faced with

future production decisions. For this reason, the perspective of the

study is oriented to a peppermint producer's point of view.

The study begins with an investigation of the historical develop-

ment of the peppermint industry in the United States and Oregon. This

provides a background understanding into its relatively simple be-

ginnings and the evolution over time into the complex, highly special-

ized industry it is today.

The next three chapters discuss the production characteristics and

practices common to the peppermint industry. Production characteristics

are specified as to regional production location, characteristic yields,

and production levels. Production practices include cultivation prac-

tices common to the industry with special emphasis on Oregon. The third

and final chapter in this production section combines both production

characteristics and practices as they make up the cost of producing pep-

permint oil.
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The next section is devoted to a description of the peppermint oil

marketing system and related foreign and domestic peppermint oil con-

suniption characteristics. Following is a discussion regarding price

analysis. That is, the investigation of supply and demand relation-

ships as they determine price. Included in this section is the develop-

ment of an econometric model to estimate empirical supply and demand

relationships to be used as a price predicting mechanism. Implications

from this model will be drawn and aid to predict future changes and

adjustments in the industry.

The final section addresses emerging issues that the peppermint

industry may face in the future. Such issues include marketing orders,

synthetic oils, and increased dependency on export markets as an outlet

for peppermint oil. The discussion focuses on what influences these

issues will have on the peppermint industry and what changes and adjust-

ments may occur.
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CHAPTER II

THE HISTORY OF PEPPERMINT PRODUCTION IN THE U.S.A.
AND OREGON

Early Beginnings: 1790 - 1945

Although the peppermint industry has evolved intoa highly special-

ized and technical activity, its beginnings in the United States were

very humble. The first record of commercial cultivation of peppermint

plants was reported in the 1790's near the village of Cheshire in

Western Massachusetts.--1 Production of peppermint oil increased as the

'essence of peppermint oil" was accepted throughout New England, making

peppermint oil producers and peddlers a handsome profit. The profit-

ability of raising peppermint plants for oil attracted many new pro-

ducers into the industry.

The Mideastern United States Pçppermint Industry

In the early 1800's New York, Ohio, and Michigan were becoming the

home of many new settlers, a few of which were peppermint producers.

The rich, alluvial flats near the shores of Lake Ontario, Erie, and

Huron represented ideal field conditions for raising peppermint plants.

By the 1840's, the peppermint industry was established in the Mideastern

region of the U.S. Because yields were substantially higher and cul-

tivation costs lower than New England, the Mideast firmly entrenched

itself as a major competitor of New England oils.

Raynor, E.M. and E.L. Petitelerc, History of the Town of Cheshire,
Berkshire County, Massachusetts, p. 75, C.W. Bryan and Co., Holyoke,
Massachusetts, 1885.
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As the industry expanded and technology improved, the marketing

of peppermint oil became a major problem. Local demand was limited,

and U.S. oil did not have a favorable reputation in the export markets.

During the late 1840's, much of the exported peppermint oil was being

channeled through New York. Much of this oil was adulterated with un-

desirable substances making it quite repulsive to foreign buyers.

Hiram G. Hotchkiss, a merchant in Lyons, New York, recognized much

peppermint oil could be sold if "guaranteed pure.".1' Using this inno-

vation, Hotchkiss found ready acceptance of U.S. peppermint oil and by

1850 established Lyons, New York, as the undisputed market for high

quality peppermint oil and himself as "King" of the peppermint indus-

try.

With an established market, production became standardized as

techniques and innovations were exchanged between producers. Pepper-

mint production flourished, especially in New York and Michigan.

Eventually, a great rivalry developed between these two states.

By the late 1940's, Michigan had established itself as a reliable

supplier of peppermint oil, but weed problems caused the oil to be

adulterated which led to the general opinion that "Michigan" oils

were inferior to those produced in New York. Additionally, the bulk

of peppermint oils were marketed through the city of New York, giving

New York oil a decided advantage because of its close proximity and

reduced transportation expenses. But Michigan enjoyed higher yields

Stearns, F., "The Peppermint Plantations of Michigan," American
Journal of Pharmacy, Volume 31, p. 38, 1859.



and, consequently, lower production costs which more than offset high

transportation costs. Michigan at this time needed a spokesman in

much the same mold as Hiram Hotchkiss. Albert M. Todd, a young

chemist from Nottawa, Michigan, developed a process of steam rectifica-

tion which transformed crude oil to a uniform state of purity and ex-

3/ . .

cellence. Todd quickly established the reputable quality of Michigan

mint oil and started making inroads into markets exclusively held by

Hotchkiss.

During the latter part of the nineteenth century, the high quali-

ty and consistent supply of U.S. peppermint oil was becoming recognized

both in the domestic and foreign markets. This led to increased demand

and motivated the industry to search for new areas for expansionary

purposes.

The Mucklands of Indiana and Michigan

Continually, attempts were made to introduce peppermint cultivation

in states other than Michigan and New York. The only significant expan-

sion came in northern Indiana and southern Michigan. Located in these

areas are black, silt-like, highly organic soils known as mucklands.

This soil was found to be highly conducive to peppermint production.

Because of its loose, friable texture and high water-retention capa-

city, peppermint plants could easily spread out and flourish.

3/ . . . . .

Todd, A.M., "Spurious Michigan Oil of Peppermint," American
Druggist, Volume 15, No. 9, pp. 161-162, September, 1886.
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Muckland cultivation proved very successful, with yields of 60-80

pounds per acre reported from new plantings.-" Additionally, new pep-

permint plants called Black Mitcham were being introduced to muckland

production. It was found that these new plants were hardier than the

American variety formerly used and produced higher yields of better

quality oil. By the end of the nineteenth century, due to the develop-

ment of mucklands and the acceptance of Black Mitcham into the indus-

try, Michigan and Indiana became the dominant peppermint production

areas of the United States. Subsequently, production over expanded

resulting in excess supply, and depressed prices. The effect was the

virtual elimination of peppermint production in New York and the concen-

tration of production in a few muckland areas of Indiana and Michigan.

Turn of the Century: Indiana and Michigan Dominate

In the early 1900's demand for peppermint oil gradually shifted

from the medicinal export market to the domestic market by two develop-

ments. First, William Wrigley, Jr., a Philadelphia soap dealer, began

marketing DoubleMint gum, flavored with peppermint oil. The gum quickly

caught the fancy of the American public and became a national favorite.

Other companies, such as Beech Nut and American Chicle Company, along

with Wrigley, developed other peppermint-flavored gum and candy pro-

ducts which significantly increased the market for peppermint oil.

Howe, Otis, retired Decatur, Michigan mint farmer, personal in-
formation, 1967.



The second major development of this period was the adaptation

of peppermint as a flavoring in toothpaste. Colgate and Pepsodent

toothpastes found acceptance by the consuming public, and another

important peppermint oil outlet was added to the domestic market.

As the first quarter of the twentieth century closed, the pro-

duction lead shifted from Michigan to Indiana, but the two states re-

mained the only significant producers of peppermint oil.

In late May, 1925, a severe frost decimated the peppermint fields

of northern Indiana and suthern Michigan. Total production was dras-

tically reduced, and the price of peppermint oil began to rise as users

clammered for scarce supplies. From May to November in 1925, the price

of peppermint oil rose from $4.50 to $32.00 per pound.

The news of excessively high peppermint oil price attracted the

attention of many farmers, each of which was determined to reap some

of the benefits of raising peppermint. In 1926, production was as much

a success as 1925 was a failure. Production doubled, and prices fell

back to pre-1925 levels.

New Production Innovations

The great price rise attracted much attention to the peppermint

industry. A significant benefit of this attention was the aroused

interest of research specialists in the agricultural experiment stations

of the major producing states. These specialists became increasingly
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involved in studies concerning peppermint production. This research

ranged from cultivation, harvesting, and distilling to marketing of

peppermint oils. Attention was focused on such problems as water

needs, fertilizers, and insect, weed, and disease control.

Innovations included new techniques for distilling mint hay with

advancements in the use of low pressure boilers, submerged condensers,

and improved hoisting equipment. Also, new root diggers and planting

equipment replaced the labor intensive practice of hand-digging and

planting roots.

The great price rise also stimulated a vast expansion in culti-

vated peppermint acreages. The most significant expansion occurred in

Washington and Oregon, and by 1929 the two states were producing nearly

12 percent of total U.S. production.

Disease was the main topic of concern in most production circles

during the 1930's. A soil-borne disease identified as verticilliuxn

wilt was discovered in Michigan and caused many producers to abandon

older peppermint acreages, which were quite susceptible, and develop

new sections.

Production in the Pacific Northwest was relatively stable during

the 1930's. At the end of the decade, Oregon and Washington commanded

15 percent of total national peppermint production. Indiana and Michi-

gan remained the dominant production area.
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The War Years

Exports of peppermint oil were discountinued during World War II,

but domestic demand increased drastically as menthol users began sub-

stituting peppermint as the war had disrupted all imports of Japanese

menthol. The price of peppermint oil subsequently started to rise be-

cause the production response to meet the new demand was sluggish.

Price controls designed to control inflation froze peppermint prices

in 1942.

During this period, Indiana increased acreage substantially, and

Oregon and Washington responded with equal enthusiasm. By 1946, Oregon

and Washington combined controlled one-third of the national acreage

of peppermint and nearly 40 percent of the oil supply.

The Modern Peppermint Industry: 1946 - 1980

As the peppermint industry moved back to a free market economy

following the War, new developments were occurring with regard to pro-

duction regions. Verticillium wilt had begun to take a heavy toll on

Michigan and Indiana producers. There was no other alternative than

to abandon the diseased acreage, with no cure in sight. Plagued by

bad weather, disease, inflation, national over production, and reduced

prices, many growers in Michigan and Indiana gradually abandoned pepper-

mint in favor of more profitable crops.' Favored by a more compatible

geographic environment, much higher yields and more disease-free land,

Landing, J.E., Analysis of the Decline of the Mint Industry Since
World War II, p. 45, M.S. thesis, Penn State University, 1963.
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farmers of Oregon and Washington found in peppermint an excellent cash

crop and assumed a commanding position as the dominant mint production

area (see Figure 1).

In addition to the Pacific Northwest's favorable climatic condi-

tions, there were other reasons this region suddenly rose to the fore-

front in peppermint production. The development of portable sprinkler

irrigation equipment in western Oregon was a significant technological

innovation. Also, the industry, having emerged later than the Midwest,

generally developed an almost totally mechanized operation.

For the above mentioned reasons, the Willamette Valley of Oregon

became the peppermint capital of the world. The major producing

centers within the Willamette Valley were Coburg, just north of Eugene,

and Jefferson, located near the fork of the Santiam river. The flavor

of the oil was comparable to that of the Midwest and was generally

high in demand.

In the mid-l9SO's, mint rust and verticillium wilt began to spread

throughout the Willamette Valley. Other areas of Oregon began to chal-

lenge the Willamette Valley as peppermint producing areas.

In Eastern Oregon, flood irrigated land in Morrow and Umatilla

Counties was diverted to peppermint production. Plantings near Ontario

in Maiheur County proved successful with high yields, and acreage

expanded quickly.

Central Oregon offered the most promising development. Irriga-

tion water from the Deschutes River made a large-scale expansion of

Jefferson County available for pepermint production. In this area,



5800

540()

5000

4600

4200

3800

3400

3000

1000's
Pounds

2600

2200

1800

1400

1000

600

200

.: ,...
S

I
I.--..'. ---S

_S_ _.-
5,

5 /
,___

\ /5- 1 ._.5-. - _-

46 50 55 60 Years 65 70 75 79

Figure 1. Total United States and Regional Productien, 1946-79.

Source: Agricultural Prices, Crop Reporting Board, ESCS, USDA



13

devoted previously to dryland wheat and cattle production, a group of

farmers--along with the help of oil buyers--initiated what today is

the most reliable and productive source of peppermint oil in the world.

As wilt and rust increasingly plagued the Willamette Valley, buyers

looked to Jefferson County in Central Oregon to supply their oil needs

in the early 1960's.

Additionally, the Yakima Valley, located in Central Washington,

became a dominant peppermint producing area. Yields were phenomenal,

sometimes producing 150 pounds of oil from each acre. But, the oil was

considered inferior to Oregon or Midwestern oils and received a low

price. Although yields were high, verticillium wilt plagued the area,

and attention was focused on the production of common spearmint (Mentha

spicata) and scotch spearmint (Mentha cardiaca) which were more re-

sistant to wilt and were profitable to produce at that time. The Yakima

Valley is considered the most important and productive mint producing

district in the history of the American mint industry. But the bulk

of its production centers around spearmint production with peppermint

production taking a secondary role.

In 1967, the Willamette Valley accounted for nearly 20 percent of

the total national peppermint production. The disease obstacles were

beginning to be conquered, and growth and expansion had been steady.

Verticillium wilt was beginning to succumb to various cultural

techniques. Flaming peppermint stubble shortly after harvest effective-

ly reduced wilt. As4o, wilt-free roots were planted in wilt-free fields
Al
tl.
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which limited the wilt's infection. The most promising area of re-

search involved the development of a wilt-resistant peppermint va-

riety named Todd's Mitcham which was introduced by the A. M. Todd

Company.

Before 1968, weeds were controlled largely through the use of hand

weeding. Because the peppermint industry was built on the unique and

uniform flavoring qualities of the peppermint oil, weed contamination

was of major concern, and hand-weeding, due to its labor intensive

nature, represented a major production cost. In 1968, mint growers

were cleared to use a terbacil herbicide introduced under the product

name of Sinbar. Growers who followed recommendations for dosage and

timing virtually eliminated unwanted vegetation to the point where weed

control was no longer a major limiting production factor and production

cost.

From 1959 to 1964, production of peppermint was relatively stable

in Oregon, and Midwestern production declined. With the development

of new techniques to control mint rust and verticilliurn wilt and the

adoption of Sinbar for weed control, the constraints on peppermint

acreages were dissolved, and a major expansion was initiated.

Other factors played a major role in contributing to this expan-

sionary period of the peppermint industry. Prices were relatively

high, which offered producers a strong, economic incentive (see

Figure 2). New producers entered the industry with the advent of

custom distilling, planting and harvesting. The expansion was also

fueled by an increase in demand for Madras (Central Oregon) and



/

46 50 SS 60 Years 65 70 75 79

Ngure 2. Ivorage United States Peppermint Prices 1946-1979

Source: fgricuitura Prices, Crop Reporting Roard, ESCS, USDI\.

01



16

Willamette Valle)r oil. Users of peppermint oils felt that this oil was

of high quality, of reasonable price, was supported by a strong tech-

nology, and the areas had capacity to expand. Advances in technology

resulted from the efforts of researchers at Oregon State University

who had made giant strides in the areas of disease, pest, and pepper-

mint quality control.

As technology for raising peppermint improved, Idaho and Wisconsin

contributed substantially to increased production. Between 1965 and

1969, both the Midwest and the Pacific Northwest increased plantings

of peppermint. Huge record-breaking peppermint crops were produced

during the latter part of the 1960's. Again, as had been charac-

teristic of the peppermint industry, the industry had over-expanded,

the quantity supplied far exceeded the quantity demanded, and prices

plummeted.

Many growers quickly abandoned peppermint for more profitable al-

ternative crops, and peppermint acreage nationwide slowly decreased.

Still, there remained a huge inventory of unused oil which held oil

prices down.

The 1970's brought with it the adoption of Todd's Mitcham as a

major commercial variety. Growers in the Willamette Valley were es-

pecially eager to adopt this variety. Although Todd's Mitcham was not

totally resistant to verticilliuin wilt, it had more resistance than

commonly grown Black Mitcham. Also, the Todd's oil was not different

from Black, and product tests had proven satisfactory and, therefore

industry had given its seal of approval.
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In 1971, a reduction of peppermint production caused by low yield

levels occurred in all states. Peppermint oil production dropped

22 percent, from an all-time record high of nearly 5 million pounds

in 1970 to 3.7 million pounds in 1971. This was the first time

since 1966 that total peppermint oil production fell below 4 million

pounds.

In 1973-1974, the prices of most farm commodities increased, and

peppermint oil prices were swept along in the upward surge. This

strong increase in peppermint price movement also reflected the re-

duction of acreages following the huge crops of 1969 and 1970.

For four consecutive years, 1973-76, the price of peppermint oil

advanced after harvest. Each year production increased nationwide,

and in each year consumption was greater than total quantity produced.

World consumption increased to 4 million pounds annually, but total

annual production had been less than 4 million since 1971. Users'

inventories, although bolstered by the record crops of the late 1960's,

were slowly diminishing. By 1977, some users had begun to use substi-

tute flavoring ingredients or artificial mixtures. The 1977 harvest

weather was extremely poor, adding further to smaller than expected

total production. Peppermint prices had never been higher since the

"Great Price Rise" of 1925. Some of the last remaining remnants of

the 1977 crop sold for $20 per pound.

Planted acreages had been increasing steadily during this period.

But, yields were low. Consequently, production did not keep pace with

quantity demanded. The potential for a large crop was ever present,

and in 1978 and 1979 with favorable weather, production skyrocketed.
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Quickly, prices plunged and growers' profit margins were lowered. As

is so often typical of the peppermint industry, high prices had in-

duced expansion which led to over-production and low price levels.

With the opening of a new decade, 1980 found the peppermint in-

dustry in a very pessimistic mood. Worldwide political unrest, high

interest rates, inflation, disease, and pest problems, and low pep-

permint prices contributed to a depressed atmosphere.

The development of the peppermint industry has come a long way

since its humble beginnings on banks of rivers and streams in Mas-

sachusetts. Over its history, the peppermint industry has swept across

a developing nation from coast to coast. Although the industry

started with peddlers on horseback, now it is a multi-million dollar

a year business, recognized worldwide as the dominant producer of

quality peppermint oils.

Now with a background on the development of the peppermint in-

dustry in the United States and Oregon, the study precedes to describe

production characteristics and cultural practices common to the in-

dustry
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CHAPTER III

POST WAR PRODUCTION: LOCATION, TRENDS, CYCLES

The historical pattern of yields, harvested acres, and total pep.-

permint oil production indicate the behavioral characteristics of pep-

permint production. Graphical methods using time-series data are simple

but very useful tools in such a study. These methods are devices for

identifying trends, cycles, or other persistent patterns of behavior.

Investigation in this area provides insightful informaticn not only con-

cerning past and present characteristics, but future conduct as well.

Total U.S. Production

Primarily two regions in the United States, composed of six states,

produce peppermint oil commercially. Indiana, Wisconsin, and Michigan

establish the Midwest region, and the states of Oregon, Washington, and

Idaho form the Pacific Northwest (PNW) region.

Generally, United States' production has shown just less than a

fourfold increase since World War II (see Figure 1). Much of this in-

crease occurred in the PNW region, which supplied approximately 75 to 90

percent of the total U.S. production over the period 1960-79.

Peppermint production declined slowly in Midwestern regions over

the past three decades. This trend began from the high of 844,000

pounds in 1947 to a low of 218,000 pounds in 1964. The major charac-

teristic of the Midwest is stability, although small variations in pro-

duction occurred from year. Current production of peppermint oil is

617,000 pounds.



Relative to the Midwest, production in the PN1 is quite volatile.

For example, during the period 1965-72 production ranged from a low of

1,875,000 pounds to a high of 4,161,000 pounds. Also, a similar cycle

was experienced during the period 1976-79 when a low of 3,040,000 pounds

and a high of 5,102,000 pounds were established in 1976 and 1978, re-

spective ly.

Because the PNW supplies a large portion of the total U.S. produc-

tion, and total PNW production since 1965 has demonstrated wide swings

and severe cyclical patterns, it follows that U.S. production is extreme-

ly sensitive to PNW production changes and characteristically volatile.

To take a closer look at total U.S. production, each region can be

divided into production by state (see Figure 3). In the PNW, Oregon

and Washington expanded production up until 1967. In 1968, Oregon's

production continued to climb, while Washington's production slumped

sharply. During the period 1946-67, Washington and Oregon were the

largest peppermint producing states in the U.S. Following that peri-

od, Oregon has emerged the undisputed peppermint production region.

Indiana was a dominant peppermint oil producer in the late 1940's

and 50's and has maintained stable production in the 1960's and 70's,

although total state-wide production has been declining as a percentage

of total U.S. production. Michigan, along with Indiana, was a predomi-

nant peppermint production area during the 1940's. Michigan production

slowly declined until the amount of peppermint raised in 1973 was not

significant and ceased to be reported, although a small amount is cur-

rently produced.
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Wisconsin's production has increased slightly from a beginning of

70,000 pounds in 1955 to a high of 443,000 pounds in 1970. The combi-

nation of Wisconsin and Indiana production has formed the major com-

ponent of Midwestern total production since 1970.

The cycles in total U.S. production during the periods 1965-72

and 1976-79 (Figure 1) can be evaluated in Figure 3. Washington

increased production significantly in 1966 and 1967, which was a major

contributing factor to the sharp rise in 1966 total U.S. production.

Over the same period, Oregon increased production slightly in 1966

and sharply higher in 1967. Oregon continued to increase production

expansion, while Washington's production showed a steep decline.

Not until 1970 did Oregon reduce its production which, along with Wa-

shington's decline, caused total U.S. production to plummet.

The production cycle during the following 1976-79 period was the

result of a large production response in Oregon with secondary contri-

bution from Washington and Idaho. Once peak U.S. production was

achieved in 1978, Washington's and Idaho's production declined rapidly

while Oregon's production, as characteristic of the 1965-72 cycle, de-

clined modestly.

Yields

Total U.S. peppermint production is the result of two principal

ingredients: total harvested peppermint acres and oil yield per acre.
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Peppermint oil yields are characteristically higher in the PNW

relative to the Midwest (see Figure 4). Yields in the PNW average 60

pounds per acre, while Midwestern states average 30-35 pounds per acre.

Washington out-yields all other states with a state-wide high of

94 pounds per acre in 1958. Interestingly, yields in Washington tend

to fluctuate widely, and since 1958 appear to peak every 9-10 years.

Oregon ranks second in state-wide average yields per acre. Suc-

cessive yield increases were achieved in Oregon over the period 1955-

60. But after a sharp decrease in 1961, yields have remained stable,

averaging 55-60 pounds per acre, except in 1967 when yields broke the

70 pounds per acre mark.

Of the Midwestern states, Wisconsin's yields over the past two

decades characteristically fluctuate widely with top yields of 50

pounds per acre and lows in the 30 pounds per acre range. Indiana's

yields exhibited small variation during the 1960's, but since that time

have varied increasingly. Michigan's yields are substantially lower

than all other production areas. This has evidently diminished its

ability to compete with other production areas and has led to the

demise of peppermint production in the state.

Generally, on a state basis, yield levels fluctuate intermittent-

ly. Weather patterns along with other factors play a large role in

determining average state yields in the short run. Overall, the U.S.

average yield has been relatively stable, especially during the last
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decade. Although state-wide average yields continue to fluctuate,

their effect on average U.S. yields is offsetting.

Harvested Acreages

Since 1946, harvested peppermint acres exhibited two distinct

stages (see Figure 5). The first is characterized by relatively stable

levels of harvested acreages from 1946 to 1965. The second stage de-

monstrates large increases in total U.S. acreages over the period of

1965-79 with more than a twofold increase from 42,100 acres in 1965 to

94,500 acres harvested in 1979.

Over the time period of the first stage, an apparent regional

change in harvested acreages occurred. As acreage in the Midwest

(Indiana and Michigan) slowly declined, Oregon and Washington succes-

sively increased productive capacity. By 1965, the PNW had substan-

tially larger acreages of peppermint than the Midwest.

Since 1965, peppermint acreages in the Midwest have remained rela-

tively unchanged, while total acreage in the PNW has increased rapidly,

especially in Oregon. Washington's acreage declined sharply during the

1969-72 period, but Oregon's acreage has significantly declined only

once (1971) during the period 1965-78. This expansionary phase has

propelled Oregon into the position as the foremost peppermint produc-

tion area in the United States. Oregon raised 58 percent of the total

U.S. peppermint acreage and 62 percent of the total U.S. production in

1979.
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Oregon Production: Location, Trends, Cycles

Oregon is the predominant peppermint production area in the United

States and has a large influence on trends in total U.S. peppermint pro-

duction. Further investigation of production areas in Oregon and their

characteristic yields and concentration of production capacity will

provide additional insight into the peppermint production complex.

Oregon can be divided into three distinct peppermint production

areas: (1) the Willamette Valley in Western Oregon; (2) the Deschutes

River irrigation project near Madras and the surrounding area in Central

Oregon; and (3) Maiheur County in Eastern Oregon.

The Willamette Valley was the first area in Oregon to be es-

tablished. By 1957, this area produced nearly 90 percent of Oregon's

total peppermint oil production (see Figure 6). About this same time,

plantings were initiated in both Central and Eastern Oregon.

In the early 1960's, diseases plagued the Willamette Valley, and

acreage harvested decreased (see Figures 7 and 8). Central and Eastern

Oregon expanded acreages while maintaining high yields and consequently

began to contribute significantly to total Oregon production.

Although Eastern Oregon has never contributed more than ten per-

cent of total Oregon production, Central Oregon has progressively in-

creased its production. Current total production in Central Oregon

amounts to 1,741,000 pounds of oil annually, or approximately 30 percent

of total U.S. production. Once disease problems were overcome, the

Willainette Valley subsequently increased peppermint acreage, resulting
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in increased production of oil although yields have trended downward

since a record high 75 pounds per acre in 1970.

Notice the combination of changes in both yields and harvested

acreages in the same direction accentuate total production changes in

the same direction. For example, in 1966 acreage and yield, in Western

and Central Oregon combined, increased 12 percent and 39 percent, re-

spectively, producing a 54 percent increase in Oregon1s total produc-

tion (excluding an 11,000 pound increase in Eastern Oregon.)

Future Production Impiications

Obviously, it is very difficult to predict future production be-

havior, but past production behavior lends valuable information and

clues to future production tendencies. Embodied in the components

making up total production, yields and harvested acreages are the keys

to potential future production.

Yields are primarily determined by weather conditions during the

growing season. Conditions such as mountain snowpack (which determines

irrigation limits), subsoil moisture, and cloudy and wet pre-harvest

conditions (which prevent the proper development of oil in the plant

leaves) are very important yield determinants.

Cultural practices also affect yield levels. As in most crop pro-

duction enterprises, it is important to have timely execution and cor-

rect application of fertilizer, herbicides, insecticides and irrigation

water. Also, growers must determine expedient disease control measures

and judge the correct harvest period.
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Overall, many yield-determining factors are not under the control

of growers in the short-run, but over a longer perid of time the man-

agerial ability of the peppermint producer plays a major role in yield

levels.

Historically, average U.S. yields have been relatively stable,

although yields in all production states fluctuate moderately.

But since Oregon and Washington contribute a large portion of total

U.S. production, any vacillation in their average state yields would

significantly change total production. Therefore, any change in factors

affecting yields in Oregon, and to a lesser extent Washington, would

signal important implications for future U.S. production.

The grower operates in an environment that is affected by disease,

weed, and other pest problems. Other considerations include input prices,

technology changes, capacity to expand, value of substitute crops,

weather, rootstock quality, and stand life. The growers must determine

the short and long-run implications of these factors while comparing the

price prospects they receive for their peppermint oil to determine the

profitability of expansion in peppermint acreages.

Oregon and Washington have shown tremendous potential to expand

acreages when the above-mentioned factors are perceived to be favorable.

When conditions become less favorable, all production states shift

acreages to relatively more profitable cropping enterprises. Spearmint

production is readily substitutable, as it employs the same production

factors as peppermint. The practice is commonly used in the Yakima

Valley of Washington.
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Spearmint is a poor substitute for Oregon peppermint growers be-

cause of inferior yields resulting from soil type characteristics. Ad-

ditionally, high fixed costs in specialized mint production equipment

and established peppermint stands force growers to maintain production

until favorable conditions again prevail. This may explain the ex-

pansionary trend in Oregon during the mid 1960's and 1970's.

Oregon has the ability to expand acreages rapidly over a short

period of time, but reductions in harvested acreages are slow to re-

spond. Therefore, any significant changes in total acreages may be led

by Oregon in an upward direction. Washington and all other spearmint

producing states can respond much more rapidly to adverse changes in

peppermint production conditions than Oregon and, therefore, could be

a leading indicator of a downward swing in total acreages or production

capacity.
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CHAPTER IV

CULTURAL PRACTICES

Typically, individual growers in the United States farm from 100

to 300 acres of peppermint annually. Except for Oregon, peppermint and

spearmint are raised side by side as a cropping mix because both use

complementary equipment. A representative farm typical of the Midwest,

for example, may combine a crop rotation of corn, soybeans, spearmint,

and peppermint. Growers of the PNW may incorporate peppermint, sweet

corn, bush beans, and grass seed into their farm cropping strategy.

Climatic conditions suitable for peppermint production are a com

bination of numerous factors. Soils well adapted to peppermint produc-

tion include muck soils of the Midwest, and fertile sandy loam and silty

loam areas of the PNW. Since peppermint plants have high moisture re-

quirements, adequate water resources must be available by irrigation or

timely rainfall. Other favorable climatic conditions include long,

mid-summer day length of at least 15 hours, high sunlight intensity,

high day and low night temperatures, and low rainfall at harvest.

Description and Types of Mint

Peppermint is a perennial plant with square stems. Oil is produced

in glands on the under surface of the leaves. Commercial peppermint

varieties rarely set seeds but reproduce by runners called stolons.

Stolons grow under and on the surface of the soil spreading out in all

directions, taking root, and producing new plants. Peppermint plants

normally grow to an average height of three feet. When peppermint
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plants are grown in rows or kept sufficiently thinned, they develop

numerous branches and become quite bushy in appearance.

Peppermint (Mentha peperita) varieties of significance grown com-

mercially in the United States are Black Mitcham, Todd's Mitcham, and

Murray Mitcham. Black Mitchain, historically the predominant variety

cultivated, characteristically has dark purple stems and deep green,

broadly lanced, and slightly toothed leaves. Light purple flowers are

produced at the end of the stems.

Black Mitcham is highly susceptible to a soil-borne disease called

Verticillium wilt (caused by Verticillium albo-atrum). Because of its

vulnerability to wilt, plant breeders developed wilt resistant varieties,

Todd's Mitcham and Murray Mitcham. Although problems remain because of

less than total resistance to Verticillium wilt and poor first year

vigor, these new varieties are the best future prospects in wilt-

infested areas.

Wild mint (Mentha sp.) grows in many parts of the United States;

however, oil yield is low, poor in quality, and of no commercial value.

Japanese mint (Mentha arvensis), grown in Brazil, Paraguay, and Japan,

supplies menthol and a low grade mint oil. This oil, usually called

corn mint, is different from peppermint oil and is quite inferior as a

flavoring substance.

Cultural Practices

Peppermint usually is planted as a row crop and allowed to spread

over the field into a solid stand in subsequent years. Meadow



36

peppermint (solid stand) may be kept for several years, normally four

to five. Yields are characteristically low during the establishment

year (first year) and increase substantially during the second and fol-

lowing years until weeds and diseases weaken the stand, reducing oil

yield and quality of oil. Normally, once the stand is weakened, it is

removed from production, and other crops are rotated into its place.

When furrow irrigation is a common management practice, peppermint

is grown only as a row crop. The same field may remain in peppermint

production for several years with the rows redefined each spring.

Peppermint plants flourish in deep, rich soil having a loose

texture to permit easy root penetration. The preferred soil pH ranges

from 6.0 to 7.5 which is mildly acid to neutral. The sandy loam and

silty clay loam soils of the PNW are particularly well-suited to pep-

permint plant growth.

Land Preparation and Plant Establishment

New peppermint fields generally are started by stolons, although

sometimes young plants are used. Before planting, fertilizer is spread

at various rates. For example, a typical rate is 250 to 300 pounds per

acre of NPK formulated 16-20-12. Next, the ground is disked, chiseled,

or moldboard plowed, and harrowed to provide a friable bed for the

stolons.

Stolons are dug from existing peppermint stands with special mint

diggers similar to potato diggers. The quantity of stolons required to

plant an acre depends on the spacing of furrows and the distance between
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rows. An acre of well established peppermint frequently yields enough

rootstock to plant 1 to 5 acres.

Planting is done either in the fall or the spring of the year de-

pending on prevailing climatic conditions and the availability of labor.

After the stolons have been dug, they are loaded on a planter resembling

a forward unloading manure spreader. As the planter moves across the

field, the stolons fall through chutes, covered, and then firmed with a

rubber packer wheel. Planters have been developed to cover 20 to 40

acres per day depending on the available rootstock supply.

-4--; 1 .,,,

Peppermint requires ample nitrogen, phosphorous, and potassium for

optional yields and quality oil. The type of fertilizer and the rate

of application depend on soil type, preceding crops, and management

practices in the particular locality. In Oregon, where peppermint is

grown under irrigation, a typical fertilizer management program is

shown in Table 1.

Minor elements may be required. Peppermint may respond to soil or

foliage applications of manganese. The addition of copper, boron, and

sulfur occasionally are desired to combat plant nutritional deficien-

cies.

Irrigation

Because peppermint requires considerable moisture thorughout the

growing season, it is necessary to irrigate in all production areas

of the PNW. It is becoming a common technique in the Midwest. For
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TABLE 1. Peppermint Fertilization Prograi

Application

Time Type NPK Rate* Method

(lbs . /acre)

Establishment year

Sept. - Oct. 16-20-12 250 - 500 dry

May - June 28-0-0 and 45-0-0 150 - 200 fertigation and
dry

or 45-0-0 150 - 175 dry

Producing year (stand two years or older)

Fall 5-20-20 120 - 160

May - June 28-0-0 and 45-0-0 200 - 250

Source: "Peppermint Production"; unpublished paper by Michael Weber,
Extension Agent, Jefferson County, Oregon; 1978.

* Fertilizer may be spread in dry-granular form and/or through the
irrigation system (fertigation).
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optimal yields, a peppermint plant needs 36 to 60 inches of water dis-

tributed throughout the growing season. Sprinkler or furrow (nil)

irrigation is used.

Sprinkler methods are advantageous because of their flexibility,

control, and water utilization efficiency. Some disadvantages are the

high capital investment requirements for pipe and pumps. Also,

sprinkler systems tend to be energy intensive.

Conversely, furrow irrigation is less energy and capital intensive

but also less controllable, flexible, and water conserving. There also

are increased labor requirements because fields must be finely leveled

to produce correct gradients, and furrows must be dug and maintained.

To prevent stolon dormancy and decay early in the growing season,

it is critical to maintain adequate moisture. Consequently, sprinkler

irrigation procedures normally require 12 applications during a growing

season at 5- to 7-day intervals with peak usage periods in June through

August. Irrigation is discontinued 7 to 9 days before harvest.

Mint Diseases

Peppermint is susceptible to a rust disease (caused by Puccinia

methae). Effective control has been obtained by cultural practices

which reduce the disease and prevent serious economic loss. Investi-

gators of the disease have shown that carefully timed flaming of new

peppermint sprouts when they are first emerging with shielded propane

gas burners effectively controls mint rust.--'

Homer, C.E. '1Control of Mint Rust by Propane Flaming and Contact

Herbicide." Oregon State University, 1976.
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The most devastating disease and possibly the greatest threat to

peppermint production is the highly destructive soil-borne disease ver-

ticillium wilt. Verticillium wilt is caused by a fungus pathogen to

which peppermint is highly susceptible. Evidence of wilt may appear as

early as April or May. Affected plants are dwarfed and show uneven

growth; the foliage is a bronze color and rapidly turns yellow. The

plant's upper leaves curl and twist, and the plant dies.

The fungus persists in the soil almost indefinitely once it becomes

established. It invades the peppermint plant through the roots and

stolons, thus disrupting the water-conducting components of the plant

stem. After the plant dies, the fungus continues to live on the plant

debris and is returned to the soil in this manner. The disease spreads

through the field and from field to field by infected stolons used for

replanting, by machinery or equipment, by windblown soil, or any other

means by which soil or plant debris may be carried.

In an attempt to control this disease, numerous and varied methods

have been devised, but none has proved totally successful. Chemical

soil fumigation is partially effective but costly, and must be repeated

every two or three years. A most promising method is the development of

peppermint varieties highly resistant to Verticillium wilt because of

radiation-induced mutations. Varieties Todd's Mitcharn and Murray Mitcham

were developed in such a manner. But problems remain with these vari-

eties because of their characteristically poor first year growth and

less than 100 percent resistance.

As a result, many growers practice maintenance rather than control.

Maintenance does not eliminate the disease but instead holds it in check
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and prevents its spread. Methods used to contain Verticilliuin wilt

include planting of disease-free stolons, establishing mint acreages

in wilt-free soil, and reducing tillage operations--plowing, harrowing,

springtoothing, and any other operation which would spread the disease

to susceptible crops.

I- r.,l c

Nematodes can cause serious damage to peppermint crops but usually

are undetected. Losses in individual fields range from a trace to the

development of large barren areas. Nematodes feed on the roots of young

mint plants, causing stunting and reddening of the infected plant. Crop

rotation is an effective restraint to nematode damage, although soil

fumigation is the most satisfactory method of control in infected areas.

Weed Control

One of the major problems in peppermint production is the effective

control of weeds and grasses. Weeds such as lambsquarters, nettles,

groundsel, pigweed, ragweed, smartweed, thistles, and various grasses

produce discoloration and off-flavored peppermint oil. Since the pep-

permint industry is built on the unique and uniform flavoring qualities

of the oil, weed contamination is a major concern.

For many years, hand and mechanical cultivation have been used to

reduce weed problems, hut these methods are costly and often inef-

fective. Before 1967, a number of chemical herbicides were used with

limited success. In 1967, a terbacil herbicide was introduced under the
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product name of Sinbar (duPont Co.). Sinbar has a relatively broad

spectrum of control for both broadleaf weeds and annual grasses. Pep-

permint has shown great tolerance to this herbicide. For several years,

growers who followed recommendations for dosage and timing virtually

eliminated unwanted vegetation to the point where weed control was not

a major limiting factor in peppermint production.

However, in recent years, because of the indiscriminate use of

Sinbar and the virtual exclusion of other weed control methods, various

weeds and grasses have developed resistance to this herbicide. Also,

weeds and grasses that were minor problems ten years ago have become

major weed problems for peppermint producers. Federal legislation of

herbicides being developed to combat this development has been slow.

Currently, the most effective weed control is the use of a variety of

procedures including herbicides, mechanical cultivation methods, and

hand hoeing.

Insects

Peppermint is subject to attack by a wide variety of insect pests.

The mint flea beetle, various root weevils, loopers, cutworms, and

symphylids cause injury to peppermint plants. The mint flea beetle eats

small holes in leaves which, cause considerable leaf fall and browning

of plants. Root weevils feed on the roots and stolons of peppermint,

cutting nutrient flow to the plant. Loopers are catepillars which feed

on peppermint plants and can completely defoliate a plant if present in

large numbers. Cutworms live in loose soils and are serious pests
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feeding on new plant sprouts before or after they reach the surface of

the soil. In Oregon and Washington, garden symphilids are troublesome

soil pests. This creature lives in the soil and feeds on the firm roots

of mint plants. Affected plants become stunted, grow slowly, and die

from severe pruning of their roots.

Traditionally, these pest insects have been controlled by chemical

insecticides or fumicides. Popular products such as Orthene, Lannate,

Hurdin, Comite, Kalthene, or Metasystox-R dominate the mint industry.

Recently, the mint root borer has become a serious problem, and no

adequate control is known.

Control of insect pests is becoming increasingly difficult because

of a series of wide-ranging factors. The non-tillage and flaming pro-.

grams used to contain mint rust and Verticilliuin wilt have contributed

to the gradual increase of soil insects in peppermint. Also, the

Environmental Protection Agency has withdrawn the use of persistent

insecticides and complicated the registration of new insecticides.

Furthermore, insecticide manufacturers are reluctant to develop pesti-

cides for small-scale minor crops.

Insect control is considered a major problem in peppermint produc-

tion. Successful management includes the judicious use of insecticides

as controls when needed rather than an indiscriminate preventive treat-

ment. This method of integrated insect management is used sparingly.

Additional research is needed to understand the insect complex in pep-

permint.
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Harvesting

Much research has been devoted to determining the optimal harvest

period to obtain quality oil and maximum oil yields. D.E. Bullis of

Oregon State University showed that the full bloom stage was the "opti-

mal" period to harvest.' Before this discovery, peppermint often was

harvested at improper times and the oil obtained frequently was inferior

and lacking in the characteristics demanded by the industry.

The harvest season varies from region to region but normally runs

from early July to late September. Peppermint slowly matures during the

summer months and normally is "ripe" for harvest in late July and August.

Harvested peppermint is swathed with sickle bar mowers and placed

in windrows to dry. Once partially dried or cured, mechanical forage

choppers pick-up, chop, and convey the peppermint hay into covered-

wagons or tubs. Then the tubs, filled with peppermint hay, are trans-

ported to a mint distillery for processing.

Distillation Process

The distillation process begins with the arrival of the cured pep-

permint hay to the mint distillery. Peppermint oil is obtained by

passing steam through the cured hay, vaporizing the oil. The steam and

oil vapors are conducted through a condenser at atmospheric pressure

and reduced to water and oil which flow to a receiving container. The

oil, lighter than water and highly insoluble, floats to the top of the

Bullis, D.E., F.E. Price, and D.E.Kirk, Relationship of Maturing
Weathering to Yield and Quality of Peppermint Oil, Station Bulletin
458, Agricultural Experiment Station, Oregon State University, August

1948.
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receiving container. The water drains continuously from the bottom.

The oil is drained off the top periodically and placed in 55-gallon

drums for storage or shipment to buyers.

A distilling unit consists of a high-pressure boiler for gener-

ating steam a tub containing peppermint hay, and a condenser and re-

ceiving container for each tub. Many mint distilleries have the capaci-

ty to process four or more tubs at any given time. Although equipment

and technology have been refined over the years, these principalele-

ments of the distillation process have not changed.

Fire or water tube boilers are utilized in most mint distilleries.

These boilers operate at a steam pressure of 85 to 100 pounds per square

inch because a large amount of steam is required.

Tubs are self-contained cookers. After the hay is conveyed into

the tub, it is sealed air-tight. Steam is injected through perforated

pipes from the bottom of the tub and filtered upward. As the oil va-

porizes, the steam and oil vapors converge at a pipe outlet near the

top of the tub. From this outlet, the vapors leave the tub through

a goose-neck pipe and are conducted to a condenser. A condenser con-

sists of numerous, connected horizontal pipes enclosed in a large tank.

Water enters the tank to continuously bathe the pipes in cool water.

As the vapors pass through the pipes, they are condensed (converted to

a liquid state) by the cool water circulating around the pipe. The con-

densed water and oil mixture then flows from a narrow outlet into a

receiving container.

Cylindrical receiving containers facilitate the separation of pep-

permint oil from water. The oil-water mixture, fresh from the con-

denser, enters the bottom of the receiving container. As the oil floats



to the top, the water is continuously drawn off the bottom. The sepa-

rated oil is periodically drawn from the top of the receiving container

by raising the water level. This forces the oil upward toward an out-

let at the top.

Finally, the spent hay is removed from the distillation tubs.

This hay is useful as cattle feed, bedding, or as a cover residue

spread on bare fields. The tubs again are filled with chopped hay, and

the processing cycle starts again.

The distillation process is an on-farm activity. Many peppermint

producers who own and operate a mint distallery may custom harvest and

process other producers' production in addition to their own. This

contributes to the full utilization of the specialized equipment and

facilities which spreads fixed costs, therefore lowering total costs

per pound of peppermint oil harvested and processed.

Although the distillation process represents the payoff for much

invested time and money, it has attracted little attention from re-

searchers of investigation methods to improve efficiency, particularly

energy efficiency. The literature available is represented by A.D.

Hughes of Oregon State University whose findings and contributions were

made in l952..!

New and Prospective Changes in Cultural Production

Three important facotrs could influence wide-ranging changes or

adjustments in current cultural production.

Hughes, A.D., Improvements in the Field Distillation of
mint Oil, Station Bulletin 525, Agricultural Experiment Station,
Oregon State University, August 1952.
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The energy crisis during the past decade emphasized the fact the

United States has a very permanent and real energy problem. Because

of the energy requirements of peppermint production, changes in pro-

duction may be forthcoming.

Because peppermint growers, especially in the PNW, are quite de-

pendent on irrigation, the impact of an energy crunch may be felt in

this area. Growers will have to evaluate their irrigation management

practices, reduce waste, and perhaps stress timeliness rather than

abundance of soil moisture.

Many fertilizers, herbicides, and insecticides are petroleum based.

As energy costs soar, the price of these inputs will continue to rise.

Growers may substitute natural fertilizers, handweeding, and crop rota-

tions to offset the increased cost of these petroleum-derived products.

Realistically, growers will seek more efficient inputs while judiciously

regulating current usage of fertilizer, herbicide, and insecticide re-

sources.

Tillage operations have been minimized, not primarily as an energy

conservation measure, but rather to control verticillium wilt. Other

energy-offsetting measures in this area are increasing horsepower and

size of implements, and combining operations to utilize energy re-

sources more efficiently.1

Although distillation methods have slowly improved, the overall

process has not changed. Steam production will make itself vulnerable

to scarce energy requirements. Two methods to counteract this trend

are foreseen--first, improving the efficiency (input/output) in all

Sprague, Roland, Massey-Ferguson Co., Farm Futures, January 1980,

p. 46.
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areas of the distillation process to reduce steam requirements and

thereby energy usage; second, making use of alternative energy sources.

For example, distilled peppermint hay could be used as a biomass ma-

terial to fuel the steam boiler.

The second major factor influencing cultural production changes

and adjustments centers around environmental issues. These issues con-

cern the indiscriminate use of pest controls and soil and water con-

servation.

Many environmental questions have been voiced about the indiscri-

minate use of herbicides and insecticides. These inputs have their

place in the peppermint production process and, in the short-run, their

continued usage is expected. In the long-run, growers may realize the

benefits of integrated pest management programs designed to judge the

need for pesticides by periodic evaluation of conditions in the field

and applying the appropriate chemicals when conditions- and experience

indicate a justifiable economic benefit will result. In recognition

of this need, Oregon State University has initiated an integrated pest

management program for Oregon peppermint growers. The program's ob-

jective is to develop and implement management practices, recognize

economic injury levels, and use pesticides only when these levels have

been surpassed.--"

The impact of soil and water conservation measures are foreseeable

in the future through the increased implementation of laterals, grass

waterways, and other runoff control measures. Also, reduced tillage

operations will benefit soil structure and compaction problems.

Fisher, G.C. and Ralph Berry, "Pest Management Project; Management
of Insect Pests in Oregon Peppermint," research proposal, 1978.



Water conservation measures evolve around irrigation. If and when

water supplies become restrictive, a gradual shift to low pressure

sprinkler systems may become apparent. Rill irrigation is well

adapted to the soils of Central 1ashington, Eastern Oregon, and Idaho.

It has the additional benefits of low energy and capital requirements.

Whether nil irrigation will be replaced by more capital intensive

sprinkler irrigation systems depends on the increase in production

from more effective water utilization.

The third remaining factor influencing cultural practices is pep-

permint diseases. The pepermint industry is characterized as a fu-

gitive industry, that is, growers continually seek new disease-free

land to expand production because of the resistance of verticilliun'i

wilt to any kind of control measures. Flaming, resistant peppermint

varieties, crop rotations, reduced tiliage, and disease-free plantings

all represent attempts to combat this disease. None of these methods

have proven totally successful but have reduced the damage inflicted

by verticillium wilt to tolerable levels. Becasue no immediate cure

for verticillium wilt is anticipated, the shift of peppermint acreages

to new production land may represent the only feasible alternative.

Production characteristics and cultural practices build a founda-

tion for identifying the costs associated with producing peppermint

oil. Following is a description of the production costs of producing

peppermint oil in the three major production regions in Oregon, and

identification of relevant cost factors that influence production de-

cisions.



CHAPTER V

OREGON PEPPERMINT PRODUCTION COSTS

Much of farm management decision-making

costs and returns of different alternatives.

faced with similar decisions. Producers hay

products or commodities should they produce,

them, and how much will they produce?

To aid in this decision-making process,

So

is concerned with comparing

Peppermint producers are

to ask themselves: what

how should they produce

this section is devoted to

the investigation of the production costs associated with producing pep-

permint in the three major production regions of Oregon. The overall

objectives of this chapter are to determine: (1) what it costs to pro-

duceapound of peppermint oil in each area, (2) what activities and in-

puts contribute to these costs in each area, (3) why costs differ be-

tween production areas, (4) how sensitive the breakeven price is to

changes in major cost components, and (5) what the capital investment

requirements are for producing peppermint.

Budgets were developed for each production region in Oregon and

the results are summarized for comparison in Tables 2 and 3. These

results were derived from individual enterprise data sheets computed

by various Oregon State Extension personnel and Extension economists

at Oregon State University. These are shown in Tables 4, 5, and 6.

Each was updated as of December, 1979 by means of an index of prices

paid by U.S. farmers for special items such as fertilizer,



51
TABLE 2. Oregon Regional Establishment Costs

Total cost

Wjllamette Jefferson Maiheur
Establishment Years Valley County County

Cultural Operations

Fertilization 190.95 102.90 124.15
Weed control 31.85 27.10
Insect control 15.75 14.00 19.95
Irrigation 108.80 109.65 49.60
Hoeing 12.00 15.20
Flaming 19.10
Corrigation E rock

picking 7.50 8.00
Disc, plow, subsoiling 63.45 25.10 47.85
Rotary hoe 3.20
Roots planting 252.75 217.85 180.00
Corrigat ing

Harvest Operations

Custom harvest 96.25' l23.751 iio.001

Other Charges

Land charge 120.00 140.00 125.00
Pick-up 6.00
Operating capital

interest (13%) 45.75 39.00 29.00
General overheadS 55.25 24.50 22.20
Management 39.20 32.70 29.50

Total Costs

Total cash cost 750.05 643.75 579.75
Total non-cash cost 269.20 231.05 211.05
Total establishment cost 1,019.25 874.80 790.80

Returns

Value of 1st year's crop 350.00 450.00 400.00
Net establishment 669.25 424.80 390.80
Net establishment cost 181.10 114.95 105.75

(amortized over 5 years
@ 11%)

Labor requirements per acre 21.40 8.82 12.15
(hrs.)

35 pound per acre yield.
45 pound per acre yield.

-, 40 pound per acre yield.



TABLE 3. Oregon Regional Producing Year's Cost
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Total cost

Willamette Jefferson Malheur

Producing years Valley County County

Cultural Operations

Fertilization 123.50 102.90 120.50

Weed control 75.10 25.45 34.85

Insect control 28.55 14.00 19.95

Irrigation 112.65 109.65 49.60

Hoeing 12.00 5.65 15.20

Flaming 41.20

Corrigation and rock
picking 17.95 8.00

Disc, plow, subsoiling 12.45

Rotary hoe 3.25

Harrow 8.30

Corrigating 6.00

Harvest Operations

Custom harvest 150.00 162.50 150.00

Other Charges

Land charge 120.00 140.00 125.00

Pick-up 6.00

Operating capital
interest (13%) 35.00 27.00 23.00

General overhead 35.35 22.90 20.30

Management 29.35 30.50 27.05

Amortized establishment cost 181.00 114.95 105.75

Total Costs

Total cash cost 573.65 452.90 416.75

Total non-cash cost 370.15 347.30 291.70

Total cost 943.80 800.20 708.45

Total Returns

Cost per pound @ 50 lb.
yield 18.88 14.091 13.65

Cost per pound @ 60 lb.
yield 15.75 l2.301 11.80

Cost per pound @ 70 lb.
yield 13.84 ll.0O 10.50

Labor requirements per acre (hr.) 17.6 10.65 10.8

Jefferson County's yields are based on a typical yield of 65

pounds per acre + 10 pounds.
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TABLE 4 hjlleosrttn Volley Feener'unr Pr000ctips Cost,

Based on

1. 150 am. en 300 an. fare, S. 130 h.p. tractor Sili. 23/hr.

2. 53' oil establishment year 6. 70 h.p. tractor c 54.45/br.
3. 600 oil eroducang years 3. Hated labor 2 84.00/hr. ad

d. S producing years 0. Operators labor 56.00/hr.
9. 1070 machinery prices

Inputs per acre
LabOr Other

PR000CIOC YEARS Hrs. Value lachinery Iton Value Cost

Cultural Onerations
Fertilice ef

2.3 9.20' 4.30 Pert. 110.00 1.23.50

Flame (20) 1.0 6.00 0.50 Fuel e/ 29.70 41.20

Irrigetion (123) 11.3 41.20' 51.53 01ev. 16.00 1.12.65

Weed control Canton 46.55 46.35

Spot coral .ords Custon 28.25 28.25

Hoeing 42 3.0 12.00* 12.00

Insect yontrol CuStom 28.33 25.00

Harvesting I distilling ($2.00/lb.) Custon 150.00 150.00

Other Tharono
Land charge // 120.00 120.00

000nauistcai:y.l Interest (1s') 31.00 35.55

Geonral overhoad i 35.55 35.30

l(4naThest
20.35 29.30

0000rti:od establsshuent cost 151.10 110.20

Total Cash Cast 66.40 27.30 479.73 173.60

TOtal 1oo-caah cost 6.00 33.70 333.43 370.13

TOTAL COST 72.40 61.23 610.10 943.00

Cost per posed SD' yield 18.40

Cost ior nosod 60' yield 15.75

Cost per poand 70' yield 13.80

EST500IY!C!ENT 09.50

1.2nd Prenoration and Plantioct
Subsoil .5 3.00 12.00 15.00

plo, .0 3.00 11.70 L4.3
Disc and harros (3.0) .75 4.50 14.89 10.30

Line (S zos/\c( Guston, 81.73 82.71

Soil iosecticide Custom 15.75 10.70

Fertilite / 2.3 9.20' 1.75 Pert. 96.23 109.20

Plantio4 3.0 16.00 36.75 Roots 200.00 252.75

Disc I roll (20) .5 3.00 7.90 10.00

Cajtiraoi (157 .2 0.00' 2.73 5.03

Flame 13) (fall ni.iot only) .25 1.50 2.73 Fuel o/ 14.80 18.07

1rriaticn (113' 10.4 41.60' 51.20 Elec. 16.00 105.45

Hand hyin4 4/ 3.0 10.00' 12.00

HOrvss, I ditillise 102.73/lb.) Custon 96.25 96.20

Other 2(iares
Land ch.or3r f' 120.00 120.00

Oporatio; cartOi sttCrest (l3.) 45.73 45Th

General overhead
10.20 15.25

Slanagoocot h/
30.21 30.20

Total Cash Cost 63.60 64.60 621.49 700.05

Total 'lon-cach Cost 31.00 79.50 159.20 .769.20

TOT.\L COST 94.60 143.60 780.35 1010.20

Credit baby cr50 510.00/lb. 350.00

bet rstabliohmoot cost (112 for I years) 660.21

,h5Ortiled cstablichcent cost (1Y, foe S yeses) 101.10

Generally door., to hirod labor.

lncludcs 0519, Social Socarity. etc.
b_i See your County Extension 'Cent for specific rocanonnndations.

Cf.

. . .
.

.- Conputod on too anolications doing on with Irrigation. Labor for this added in irnizatioo costs.

Snpronisately U of area hand (iced or rogucd annaally,
Inoladoo rontol of flaoer Si/gallon.
(and charge is based on rental value hut is considered a non-cash cost.

dpnrosin..tclv (0'. of cash costs encluding harvest and oneritinT capital intcreot costs.

.\nprooisate lv 4 f total costs.

Sour.. Gin-rich. do iii (in ((aSCot. '(orion OUSt" (...tvfl'..Ofl Sgeflt Soul Oe'.o,rch uvn, stallt. rcpc4tls'(i.
CrurOn '.toV 1]lVroito ,,'ll;Lr''cflt \'rl..,lltU'lil nI (c;cor,n ECuO.','...... r,alIi<. 19','.
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TAStE 0. Jefferoco Cososte Pennersncnt Production Costs

based on:

1. 180 acres on $00 acre farm 5. 60 h.p. daal wheel tractor $8.75/hr.

2. hheel hoc irrigation 6. 100 fl.p. dual aheol tractor 5l5.COJhr.

3, 45 lbs/ac. first rear yield 7. 1979 macbiters' prices
4. 65 lbs/ac. four producio8 years yield 8. Onerator's labor $6.00/hr.

9. Hired labor 8 $3.75/hr.

Labor Machinery I Equipeent Other Total

PRODIICI%G Ytbol Mrs. V1ue Operoting' enershlJ Item Cost Cast

($3

Cultural Onerations-
Siso (.003) .301' .60 1.05 1.25 2.90

Pbs. (.750) .300 1.50 2.S0 3.40 7.70

Subsoil (.200) .083 .50 .60 .75 1.85

Mulch (20.) .400 2.40 3.50 4.10 10.30

Roil, nickine 2.000 7.09 7.10

Harrow (30) .600 3.60 2.35 2.30 8.30

Herbicide
MtIs. 22.20
0pl. 3.25 25.45

Moe (.210' 1.100 0.60 1.60

Fertilire
MtIs. 98.40
Apnl. 4.00 102.90

Insecticide , Mtls. 10.00

(mite cuttrol)' Appi. 4.00 14.00

IrriCagian 120) 5.335 20.00 Po'aer 22.60
Water 59.70 109.65

Harvest Docrat ions
Harvest ((2.02/h. 65 lb,/sc.) Custom 162.50 162.00

Other Ehamnes
Pickay .333 2.00 2.00 2.00 6.00

Operx:erig casital interest (131)
27.00 27.00

Land chor;e
140.00 140.00

Macave-vest f/
30.50 30.00

Overhead C/
22.90 22.90

Aciortiednstsb1nhsent cssts 114.95 514.05

Total Cash Costs 33.05 09.05 3.60 397.50 452.93

Total Son-cash Costs 50.90 50.95 291.40 347.30

Total Fredacroan Costs h/ 44.05 19.05 54.55 682.51 800.20

Total Cast '5cr Acre

Cost per pound 05 50./ac. yield
10.25

Cost per pound hO lb/ce. yield
03.40

Cost per round 70 56./ac. yield
15.25

EST.10L15110';r 00.0.0

Cultural Dnerations
Chisel 0.arroa 2X) .400 2.40 3.40 6.00 15.00

Rae), pickeng 2.000 7.50 7.50

Plant d/ Roots 142.05
Custani 70.00 217.50

Roll .150 .90 .70 .90 2.50

Pertcls:e
Mtls. 98,30
Appl. 4.50 502,00

Mulch .200 1.20 1.80 2.20 1.25

Harrow (20) .400 2.40 1.60 1.51 5.50

Herhiv:dc
Mtls. 27.00
P.ppl. 4.00 31.15

Onsecticide
Mtls. 10.00

(Cite control) t/
bps1. 4.00 14.00

Irrigate (120.) 5.333 20.00 7,05 40.25 P0cc, 22.60

H -j-'' nenratison
Rotor 19.70 108.00

Ha;vvcc :22.73/lb .3 45 lb/ac.) Custom 123.70 123,70

Other Thames
Picl,op .333 2,05 2.00 2.00 6.00

Ope rating tanctal osternat (130.)
39.00 39.00

Land chsrc
540.00 540.00

54navvnent"/
32.70 32.70

Oversoul /
24.00 24.50

Total Cash Costv 27.50 86.05 3.50 196.20 645.5

Total 'ian-cash Cost 8.90 49.40 172.70 231.05

Total [stablishnont Costs 36.30 86.15 52.00 874.00

Value of Cirnt year's ores' 140 lb. 3 010.00) 410.00

Net esoubloshnent cost
424.30

Net ostablishmeist cost amortized seer 5 years 7 11', 114.93

a! Includes repairs, fuel, and lul:rication.
b/ Includes depreciation, interest on average invest'5cnt 01, taxes, and insurance.

Cl The cu-Irutut ions repreccnt tie number of tines tile cultural nperstionn are performed in an average year of

the four ynar nrodscsog life. These operations typic.nllv include dishing every nthcr near, plowing three
out of 'our years, subsoiliog once in four years. mulching twice yearly, and burrowing three tines yearly.
Herbicide casts reflect a cei2hted average of herbicides used in clawed aol unplowed years. If plowing and

aosoriarel practices are followed on a yearly schedule, adjustncnrs should be made.

'4/ Certified roots used planted 14 to 1.
'/ Cutworm control may also be required.

1/ Estinuted us 4 nereont of all costs eneludiny overhead.
urinated at 3 percent of all cents encluding r.nnogenent.

hi If wilting hemenen a problem, flaming coy also he reqaired at a rate of 010.00 per acre.

1/ Fumigation, if required, would increase the establishment cost.

Source: heber, Michael and lucid I. joIst, Jefferson County Extension agent and Extension Fconunics Assistant, re-

spectively, and Jefferson County Mint Growers, Oregon State Oniversetv Oeparteenn of Sgrccuitural md 00.

searce Fconomccs, Corvallis.
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TORLE 4. 'kilheur County Pernermit, Production Casts

Based on:

1. 200 acres on a 450 acre fare 6. 100 hp. tractor 115.90/hr.

2. Rill irrigation 7. 400 hours of use for each tractor

3. 40 lb. yield/acre first your 5. 1979 machinery prices

4. 60 lb. yield/acre foar full years 9. Operators labor 46.00/hr.

1. 60 hp. aheel tractor B $8.?S/hr. 10. Aired labor $3.80/hr.

PRODUCING YEARS

Labor

lire. bolan Machinery

Other

Item Value
Total
Cost

Cultural Onerat ions-

Rotary corrigator .5 2.10 5.00 8.00

Pall herbicide Mtls. 23.10 27.10

Appl. 4.00

Clean core9ates .4 2.00 4.00 6.00

Sprung herbicide lOtlo. 4.75 7.75

hppl. 3.00

Rotary Roe .2 1.00 2.20 3.21

Hand wending 4.0 11.20 OSlO

Fertiline Mtlu. 109.25 120.50

Appl. 13.20

Irrigate (120) 5.7 28.50 5.10 Water 16.00 49.60

Insecticide NtIs. 12.85 19.91

Appl. 7.10

Harvest

$2.50/lb. 9 60 lb/acre Custom 150.00 150.00

Other Charges

Land thArte a./
121.00 121.00

Operating capital interest (13'S) 23.00 23.00

Management b/ 27.05 27.05

General overhead rJ 20.30 20.50

Aoortized establishment CostS 205.71 105.70

Total Cash Costs 24.60 7.51 394.60 416.70

Total Non-cAsh Costs 24.60 9.00 257.80 291.70

Total Production Conts,'atre 49.30 16.31 642.40 708.40

Cost per pound 9 50 lb/atm yinld 11.65

Cost nor round .5 60 lb/auto yield 11.80

Cost per pound 5 70 lb/acm yield 10.00

EST58LISII'IEST SEAR

Cultural Unerut Sons

Disk (20) .4 3.01 10.20 12.20

Plow .5 2.50 12.60 15.10

Pu(vinalch (20) .5 2.10 12.45 14.95

Pertiline Ntis. 50.85 58.35

Appl. 7.10

Hakout .2 1.00 1.85 2.11

Plaot Roots 120.10 190.00

Custom 60.00

Roll .15 .75 2.10 2.90

Herbicide 9025. 23.10 27.10

Appl. 4.00

Hand weeding 4.0 15.20 15.20

Rotary corrigate .5 2.00 5.50 8.00

Rotary hoe .2 1.00 2.20 3.20

Irrigate (130) 5.7 28.05 5.10 Water 13.15 49.60

Fertili:e Mtls, 58.30 65.80

Apyl. 7.50

I,ssectioide--mines, loopers MaSs. 12.00 10.95

Appl. 7.10

Harvest

$2.21/lb. 40 lb/acre Custoc 110.00 110.00

Other Charges

Land rent 125.00 121.00

Operating cupital interest (135) 29.00 29.00

Management b/ 29.50 25,50

General ovehead ,gJ 22.20 22.20

Total Cash Costs 25.00 23.35 528.40 579.75

Total Non-Cash Costs 28.00 28.55 504.50 211.06

Total Establishs,not Costs 66.00 51.90 602.90 790.80

Value of first yours cmnp (10 Ohs. B Sb/lb.) 400.00

Ret establishment cost 390.00

Net establishment cost ausortined over 5 years 11% 105.75

A typical lund rent for lint ground is $110 to 0140 per acre.

Estimated at 45 of all cash costs except overhead.

.9' Includes pickup truck, accounting fee, office, shop, tools, general Insurance and other miscellaneous items

macopt managn,snot.

Source: Kudd. Oris and Gary Schneider. County Extension Agcntx, in cooperation oith Olalheor County 1,rncers,

Infornuinion obtajord frnn local nuynliryn. machinery .cs}ets, Oendrmn and others Can hut with the

coanty mint situation. Oregon State University Department of Agricultural and Resnurce Economics.

5979.



fuels and energy, farm and motor supplies, tractors and self-propelled

machinery, and services and rental charges.1/

These budgets were developed to provide a guide to or estimate of

the cost of producing peppermint in each respective region. It is not

expected that these costs will necessarily reflect the average produc-

tion costs per acre because of the wide range of production practices

which are followed within each region. Rather, these budgets reflect

the consensus among one group of commercial producers and one set of

production practices for each region.

Tables 4, 5, and 6 are based on a specified farm size with a por-

tion allocated to peppermint production. The entire peppermint acre-

age is irrigated by wheel-line or nil irrigation depending on the area.

Establishment and producing year yields are typical of the area. The

labor force consists of the operator and family, but hired labor is

used during the peak growing season for field operations. Also, harvest

is completely a custom operation from swathing hay to the distillation

process.

Establishment Year Production Costs

The establishment of a stand of peppermint requires a sizeable

resource cost per acre. Because of high first year establishment costs

and characteristically low first year yields, peppermint usually does

not make a profit the first year. The loss is amortized over the pro-

ducing-years period to realistically reflect the benefits and associated

costs from the establishment of a peppermint stand.

V Agricultural Prices, Crop Reporting Board, ESCS, USDA, January 1980.
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Generally, major components of establishment costs (see Table 2)

are land preparation, fertilization, irrigation, and planting, and

harvest operations. These components make up 60 to 70 percent of total

establishment costs, depending on the area.

Table II shows the comparison of establishment costs for the three

producing regions in Oregon. Willamette Valley total establishment

costs are approximately $150 and $225 higher per acre than central and

eastern Oregon, respectively. The disparity can be explained by in-

creased expenditures for fertilization, land preparation (disking,

plowing, and subsoiling), and planting operations.

Differences in cultural practices are important factors determining

these establishment costs. First, liming to reduce soil acidity is a

common practice in the Willamette Valley and effectively makes up the

difference in fertilizer costs. Secondly, stolons planted in the Wil-

lamette Valley must be imported from either central and eastern Oregon

or Washington because of disease contamination. This adds greatly to

planting operation expenses. Thirdly, land preparation in each area is

quite contrasting. Willamette Valley growers subsoil, plow, disc, and

harrow their ground prior to planting, whereas growers in central Oregon

may only chisel and harrow their ground. Eastern Oregon growers oper-

ate under a different set of circumstances. They prepare the ground

using disc and plow operations. Then, because nh irrigation is a

common practice, the ground must be leveled. Finally, planting takes

place.

Irrigation costs are much less for rill irrigation in eastern

Oregon as compared to sprinkler irrigation practices. Although water



utilization efficiency is low, the soil is well adapted to this irriga-

tion method, plus the added investment in pipes and pumps is very low.

The net establishment cost is calculated by subracting returns

from the first year's oil crop (returns calculated at $10.00 per pound

multiplied by average first year yield). Yields are approximately 30

to 40 percent lower for first year peppermint as compared to following

year yields. Central Oregon's yields are the highest among the three

areas with 45 pounds per acre average. The Willamette Valley yields

are the lowest at 35 pounds per acre. With low yields and high estab-

lishment costs, the Willamette Valley's net establishment costs are more

than $250 higher than the other two producing areas.

Comparisons of Producing Year's Costs

Once the initial investment is made to establish a peppermint stand,

the cost of producing peppermint declines substantially. The resource

requirements, other than those directly attributed to establishing a

stand, do not change from the establishment year to the producing years.

Fertilization, irrigation, and harvesting costs are major contri-

buting components to total costs. In the Willamette Valley, these three

factor costs make up 40 percent of total costs; whereas in central and

eastern Oregon these components represent 45 percent of total cost.

Comparing regional total costs, the Willamette Valley has the

highest cost of production per acre. This can be attributed to four

inputs or activities: weed control, irrigation, disease control, and

establishment costs. The disparity in regional establishment costs has

been explained. Weed control is of paramount concern to Willamette
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Valley growers. Vleed control measures are compounded because of mild

winter weather which promotes weed growth. Sprinkler irrigation costs

in the Valley are not significantly different than central Oregon.

But nh irrigation costs in eastern Oregon are approximately $60 per

acre less.

Verticilhium wilt and mint rust necessitate the use of flaming as

a control measure in the Wihlamette Valley. Flaming practices are not

ty-pical in central or eastern Oregon. Since diseases, especially yen-

ticillium wilt, are becoming more prevalent in these regions, flaming

may soon be an adopted practice in these areas as well.

Breakeven Prices

At 1979 per acre costs of producing peppermint, what peppermint

oil price per pound does a typical producer need to cover all costs

(i.e., charges have been included for the operator's labor, management,

land, and his capital)? The lower portion of Table 2 lists the break-

even price for each region at various yield levels.

It is apparent on a cost basis that eastern Oregon is a very corn-

petitive production region, and the Willaette Valley is the least com-

petitive region. Eastern Oregonts breakeven price of $13.65 at a 50

pounds per acre yield is slightly lower than the Willamette Valley's

breakeven price of $13.84 at 70 pounds per acre. In addition to high

production costs, variation in yields causes breakeven price to fluc-

tuate widely for the Willamette Valley relative to other production

regions. In this situation, higher costs are associated with higher

production risk.



Because eastern Oregon has an absolute production advantage on a

cost basis, one could conclude production would expand in this area.

Historically, this has not been evident. Acreage totals have shown a

slightly upward trend since 1957 (see Figure 8, Chapter 3). As com-

pared to the Willamette Valley and central Oregon, expansion has been

minimal. Yields are not significantly different from the other areas

(see Figure 1, Chapter 3). Peppermint prices have not been signifi-

cantly lower (see Appendix B).

What possibly could explain the limited amount of expansion in

Eastern Oregon? Holst identified the major crops grown in Maiheur County

as wheat alfalfa, field corn, sweet corn, sugarbeets, potatoes and dry

beans.' It is conceivable the opportunity cost of raising peppermint

is quite high as compared to other cropping alternatives in the area.

This may have limited expansion. Conversely, this may not exist in

the Willa.inette Valley or central Oregon and, therefore, expansion took

place.

Average Prices and Yields

Tables 4, 5, and 6 presented production practices typical of the

three peppermint regions in Oregon. These costs are compared with the

average yields and prices received by producers in 1979 (see Table 7,

Part A).

The average price received by farmers in 1979 is significantly

lower than the producer's breakeven price. Does this imply the

Holst, D.L., unpublished Master's thesis, Department of Agricul-
tural and Resource Economics, Oregon State University, June 1978,

p. 45.
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TABLE 7. COMPARISON OF TOTAL AND CASH COSTS TO AVERAGE
1979 PRICES RECEIVED BY PEPPERMINT PRODUCERS
IN OREGON.

a!

/
Average

Averag4' Total Breakeven price

Region yield cost price received

Part A

Willamette Valley 60 943.80 15.75 9.45

Central Oregon 54 800.20 14.40 9.55

Eastern Oregon 65 708.45 11.10 8.75

Average1
Average-' CaslW Breakeven price

Region yield Costs price received

Part B

Willamette Valley 60 573.65 9.56 9.45

Central Oregon 54 452.90 7.90 9.55

Eastern Oregon 65 416.75 6.60 8.75

Preliminary estimates, Office of Economic Information, Oregon
State Extension Service, Oregon State University.

Table 3 estimates are used as cash costs.
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peppermint producer is losing money? Yes; in an economic sense in which

all resources have an opportunity cost. No; in the sense the producer

can cover all cash costs and receive a contribution to his land, labor,

capital, and management, although his return to these factors is not as

high as his opportunity cost (see Table 7, Part B). Also remember

that the costs and returns apply only to 1979.

Sensitivity Analysis

To provide an additional perspective of the production costs sum-

marized in Tables 2 and 3, sensitivity analyses were done for the

major cost elements. This analysis involves re-estimating the total

production cost for each region by varying one variable at a time while

holding all other variables constant (see Appendix 1 for breakeven price

changes).

The results of those analyses are shown in Figures 9, 10, and 11.

The figure is designed with the dollar breakeven price per pound of

peppermint production on the vertical axis, and the percentage change

in base individual production costs is indicated on the horizontal axis.

The percentage change is on the base value as indicated assuming yields

for all cost items remain constant at 60 pounds per acre.

The slope of the line indicates the relative impact of the vari-

able. The steeper the slope, the greater the impact of changes in the

indicated variable on cost. Converseley, those variables with rela-

tively little slope produce little impact on production costs.
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Results of Sensitivity Analysis

Six variables were considered in the sensitivity analysis. The

specific list of variables and relative effect of each is as follows:

Variables Effect

Willamette Valley Jefferson Co. Malheur Co.

Fertilizer Small Small Small

Hired Labor Small Small Small

Interest Small Small Small

Stand Life Medium Medium Medium

Yield Large Large Large

Harvest Small Small Small

The relatively large effect of yield variation is quite signifi-

cant, especially in the Willamette Valley. Also, changes in stand life

moderately affect breakeven price. Fertilizer, interest, hired labor,

and harvest costs influence yield levels, and as an aggregate, these

components may have a large effect on breakeven price. For example,

energy cost increases may affect both fertilizer and harvesting costs

in Maiheur County simultaneously. The graph in Figure 11 can be used

to estimate the cost of production with combined charges of these two

variables. This is done by multiplying the total base cost times the

ratio of the total cost (from interpolation) associated with the per-

centage change of the variable to the total base case cost. More spe-

cifically, the formula is as follows:
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New combined cost = total base cost X

Revised total cost for variable i Revised total cost j

Base case cost Base case cost

Revised total cost j

Base case cost

Assuming a 20 percent increase in both fertilizer and

harvesting costs, the new combined cost is:

12.21 12.56
11.80 X

11.80
X

11.80
= $13.00 per pound.

Implications

Yield levels have a major impact on production costs per pound.

A peppermint producer can control production costs by maintaining high

yield levels over the long-run, although short-run variations in yield

levels are not always controllable by the producer. See discussion in

Chapter 3.

Secondly, the length of stand life significantly affects produc-

tion costs. Spreading the establishment costs over a longer period of

years lowers total costs. Also, maintaining a stand during its normal

productive life is very important. Any measures to reduce disease and

weed infection are very important in maintaining stand life, thus

spreading the fixed establishment costs over a long period of time.

Other production factors such as harvesting operations, land pre-

paration operations, fertilizers, pesticides, irrigation operations,

and hired labor costs are directly or indirectly affected by using

energy costs and inflation. Individually, these cost components make

up a small portion of total production costs, but as an aggregate their



influence may be significantly large, especially regarding their in-

fluence on yield levels.

Capital Investment Requirements

Peppermint production requires a large capital investment as com-

pared to other agricultural commodities. Table 8 lists the operating

capital, machinery and equipment, and distillery resources required to

establish 180 acres of peppermint on a 500 acre farm in central Oregon.

Most items are also used for other farm enterprises, so only a portion

of their value is charged to establishing peppermint.

The total capital investment is estimated to be $378,115, or ap-

proximately $2,100 per acre. This value is comprised of three distinct

components: (1) machinery and equipment required for the timely cul-

tivation of 180 acres of peppermint from planting through harvest; (2)

distillation equipment, steam boiler, and buildings; and (3) operating

capital requirements during the establishment year.

Because the capital investment to produce peppermint is sizeable

as compared to most farming enterprises, the implications to current

and potential producers are to carefully assess available capital re-

sources and debt-carrying capacity over the life of the stand.

Consider, for example, a situation as in Table 8, but where the

producer does not own all his resources and has a debt:equity ratio of

60 percent. What affect would the added effect of debt servicing of

intermediate and long-term assets have on breakeven price?



TABLE 8. CAPITAL INVESTMENT FOR ESTABLISHING
180 ACRES OF PEPPERMINT a!

Machine and Equipment

Initial
Investment Percent
(Nov. 1979) Usage $ Value

80 h.p. tractor 22,500 36 8,100

125 h.p. tractor 36,000 36 12,960

Wheel-line irrigation 57,000 100 57,000

Subsoiler 2,250 36 810

Muicher 2,600 36 935

Disk 8,600 36 3,095

Plow 7,400 36 2,665

Harrow 700 36 250

Digger 7,500 100 7,500

Planter 7,500 100 7,500

Sprayer 3,700 36 1,330

Pick-up 7,450 36 2,680

8 harvest tubs 48,000 100 48,000

Forage chopper 13,000 100 13,000

Self-propelled windrower 28,000 100 28,000

TOTAL EQUIPMENT AND MACHINERY INVESTMENT $193,825

Distillery (4 stall capacity)

Boiler 30,000

Condenser 4,740

Receiving cars 1,725

Redistill 1,950

Plumbing, piping, gauges, misc. 15,000

Building (concrete floor and gravel runways) 15,000

TOTAL DISTILLARY INVESTMENT $68,415
b/

Operating Capital-

Operating capital requirements for establishment year $115,875

TOTAL CAPITAL INVESTMENT $378,115

Production practices are similar to Jefferson County, Table IV.
Data was collected from the following agri-equipment dealers: Agency
Plain Irrigation, Madras Oregon; Cobb Manufacturing, Jefferson, Ore-
gon; Tompsett-Hogan, Madras, Oregon. December, 1979.

bJ
Operating capital is calculated as cash operating costs (Table IV)

times 180 acres.
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Using practices and resources typical of an 180 acre peppermint

farm in Jefferson County and valuating capital assets at 1979 prices

as shown in Table 8, and assuming the operator's peppermint rotation

is one-fifth first year peppermint and the remaining four-fifths is

producing year peppermint, breakeven price requirements are shown in

Table 9.

Breakeven prices in Table 9 should be interpreted as the price

that just covers cash expenses and annual principal and interest pay-

ments. No return is made to the operator's land, labor, and manage-

ment.

Many growers, in an effort to offset the large capital investment

requirements, use custom harvesting or have banded together in a co-

operative harvesting and distillation effort. Also, farm credit insti-

tutions have provided funds to support this large investment. Conse-

quently, the sizeable capital investment for establishing peppermint has

not imposed a substantial barrier to new producers entering the industry

and established producers expanding acreages. Although, a barrier may

be created once a producer decides to produce peppermint because of

the specialized nature of the capital investment. Therefore, resources

can easily enter production; but once committed to production, ease of

exit is reduced, creating a rigidity in the production system.

Now that aspects of peppermint production have been discussed, the

study precedes to focus on market and demand characteristics of the

peppermint industry.
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TABLE 9. BREAKEVEN PRICES ASSUMING 60 PERCENT
DEBT: EQUITY

Intermediate liabilities amortized @ 12% for
7 years $ 11,930

Long-term liabilities amortized @ 10% for

15 years 5,770

Operating 1iabi1ities-' 88,370

Total cash costs and debt servicing $106,070

Per acre ($106,070 180 acres) $ 590

Breakeven Prices

Producing Establishment
b/

- Weighted Breakeven

year yield year yield yields price

55 pounds/acre 35 pounds/acre 51 $11.55

65 pounds/acre 45 pounds/acre 61 9.70

75 pounds/acre 55 pounds/acre 71 8.30

4/5 producing year's cash costs and 1/5 establishment year cash
costs, Table 5. Also family living expenses and taxes are not in-

cluded.

bJ Weighted as 4/5 producing year's and 1/5 establishment year yield.
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CHAPTER VI

PEPPERMINT MARKET STRUCTURE, DOMESTIC AND
FOREIGN CONSUMPTION

The peppermint market structure consists of four major components:

(1) peppermint oil producers at the farm level, (2) wholesale buyers

who link producers' oil to, (3) foreign and domestic manufacturers of

peppermint-flavored products, and (4) retail sale of peppermint-flavored

products. These components are diagramed in Figure 12.

Although current data are not available, there potentially exist

700 to 900 farms growing peppermint in the United States in l979.-'

The grower typically has three marketing options once the peppermint has

been processed. First, sell the oil immediately to a peppermint buyer.

Second, delay pricing but store the oil with the buyer. Third, store

the oil on the farm and speculate on price. Unlike many agricultural

commodities, a long term storage option is available to peppermint

growers because oil, if kept cool and dry in a clean, tight container,

may be stored for long periods.

Buyers take possession of peppermint oil either on the farm or at

strategic receiving stations. It then is transported to the individual

buyer's processing plant.

Four buyers purchase nearly 85 percent of all the peppermint and

spearmint oil in the United States.--' They are I.P. Callison and Sons,

1/- 1974 Census of Agriculture, Bureau of the Census; Volume 1, Part 37;

State and County Data.

Homer, Jack, professor of Plant Pathology, Oregon State University,
personal interview, January 22, 1980. Seven small buyers purchased up

to 1 million pounds of peppermint and spearmint in 1979.
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Figure 12. Peppermint Industry Marketing Components
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Inc., located in Challis, Washington; A.M. Todd Company, Kalamazoo,

Michigan; and William Leman, Inc., and M. Brown and Sons, Inc., both of

Breman, Indiana.

The buyers' major function is to provide acceptable peppermint oil

to their customers. Peppermint oil is not a homogenous product.

Growers' oil not only differs from region to region but also from field

to field. Similarly, no two customers (users) have the same exact oil

type requirements. The buyers must mix, blend, and match oil to meet

the exacting standards of specific quality characteristics and uniformi-

ty of product.

As the peppermint oil arrives at the processing plant, samples from

each container are drawn and weighed. Next, the quality of the oil is

determined by three principal tests--flavor, odor, and gas chromatogra-

phic analysis. Following the analysis, if the oil does not meet the

specific standards of the users, it may be centrifuged, blended, bulked

and, if necessary, redistilled to create desired grades or classes of

oil. These oils are then resubmitted to customers for their approval.

Buyers perform various functions for growers in addition to pur-

chasing their oil. They conduct and support research for many botanical,

agronomic, and economic concerns of peppermint production. Growers can

obtain information and consult with buyers on many topics ranging from

fertilizer rates to distillery design. Buyers also extend credit to

growers.
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Primary Market-Domestic Demand Characteristics

The modern peppermint industry is built on the unique and uniform

flavor qualities of varous varieties of peppermint plants. Products

that use peppermint oil as flavoring ingredients must maintain the same

consistency, taste, and essence to gain and retain the tastes and pre-

ferences of the ultimate consumer. Therefore, the economic viability

of a product or firm depends on oil of uniform quality.

The demand for peppermint flavored products dictates the amount of

peppermint oil consumed. Consequently, the demand for peppermint oil

is called a derived demand, because the demand for oil is dependent upon

the demand for the finished product.

In the United States, many manufacturers utilize peppermint oil.

But five firms purchase the majority of the peppermint oil used domes-

tically as inputs in their products. They are William Wrigley, Jr.,

Co.; Colgate-Palmolive Co.; Warner Lambert Co.; Lifesaver, Inc.; and

Proctor and Gamble.

The domestic use of peppermint oil is shown in Table 10. Most of

the peppermint oil used domestically is consumed as flavoring for

chewing gum and toothpaste. Currently, inroads have been made to uti-

lize peppermint oil in toiletry articles and perfumes.

Foreign demand for peppermint oil has increased steadily over the

last 20 years (see Figure 13). Only in the period 1974 to 1976 did

total exports decrease significantly. In all probability, this was due

to low production levels during the period 1972-74 (see Figure 1,

Chapter 2). Since 1960, exports have accounted for anywhere from 36
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TABLE 10. 1971 DOMESTIC USE OF PEPPERMINT1'

Chewing gum 55%

Toothpaste, mouthwash 34%

Confectionary 10%

Other uses 1%

TOTAL DOMESTIC USE 100%

Patty, G.E., U.S. Mint Oil in the Euro-
pean Market, U.S.D.A. Foreign Agricultural
Service, FAS M.-244, pp. 5.
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percent to 76 percent of total annual U.S. production depending on the

year (see Figure 14). Many of the peppermint flavored products familiar

to U.S. consumers, but uncommon to foreign countries, are becoming in-

creasingly popular with foreign consumers. This has occurred as world

population increases and as tastes and preferences change with the in-

creased standard of living in many developing countries. Major im-

porters are the United Kingdom, Japan, France, and West Germany. Their

relative market share is shown in Figure 13.

The export market demands consistent flavor as well as low oil

prices from year to year. Central Washington oil normally meets this

criteria. Their oil is characteristically uniform in quality and clean

flavor while low in price. Other peppermint oils can be blended to co-

incide with these requirements.

The export market is volatile whith sharp year to year variations

in total volume exported. Foreign importers are extremely price sensi-

tive and will use other available substitute oils to replace U.S. oil.-'

For example, when the price of U.S. peppermint oil increases, most im-

porters substitute corn mint oil (Mentha arvensis) for peppermint oil,

although corn mint oil is bitter and harsh in odor and flavor and must

be blended with peppermint oil to be useable.

Negligible quantities of corn mint and peppermint oil are imported

by the United States because U.S. peppermint oil is considered of su-

perior quality by domestic users and is lower in price, and U.S. Customs

imposes a tariff (ad valorem) on incoming oil.

Patty, Gordon, 22 cit., p. 24.
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Foreign Market Implications

Over the past two decades, foreign demand for peppermint oil and

peppermint flavored products has grown substantially (see Figure 13).

Greater dependence on foreign markets means that part of the destiny

of 11.5. peppermint producers is in the hands of foreigners. Decisions

made in other countries will have a direct impact on U.S. peppermint

producers. But producers have little control over these decisions.

Since producers have little control over these decisions, they need

to develop a better understanding of the changes which are occurring in

the world markets. This could allow production decisions to be more

responsive to world market developments.

Does an Oligopsony Exist in the Peppermint Industry?

A distinguishing characteristic of the peppermint market structure

is the potential for an oligopsony, i.e., many sellers and few buyers

and users who contract with the buyers. The existence of an oligopsony

/
can be analyzed by the degree of buyer and seller concentration, the

/ degree of product or service differentiation, and the conditions for

entry and exit into the market.1

Since four major buyers purchase the majority of peppermint oil,

these buyers theoretically form an oligopsony. Seven hundred to nine

hundred growers, six major users and four major buyers of peppermint

oil could act as an oligopsony in the market.

Caves, Richard, American Industry Structure, Conduct, and Per-
formance, 1977, pp. 17-39.
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Product differentiation may exist to the extent that users prefer

oil from specific buyers. Users may display this preferential treat-

ment of buying oil from certain buyers because, over time, the buyers'

services and availability of a reliable supply of oil meets their spe-

cific needs.

Entry barriers into the buying phase of the peppermint industry

may include capital requirements and user and seller loyalty. Buyers

have from time to time provided (1) galvanized 55 gallon drums for all

growers, (2) receiving stations in all major producing regions, (3) a

field staff providing information to peppermint producers, (4) short

term credit to growers, (5) redistillation equipment and blending fa-

cilities to rectify oil for user specifications, and (6) storage fa-

cilities for large accounts, both sellers and users. All of these

items require a large capital outlay on the part of any new buyer

attempting to enter the market.

Little is known about the firms at the buyer and user level. Many

of these firms treat information regarding their purchases, sales, uses,

stock levels, and pricing policies as confidential. Proceeding on

theoretical grounds, what assertions can be drawn?

Whena potential oligopsony market structure exists, firms may at-

tempt to avoid price competition which results in reduced profits.

Firms recognize their interdependence in the market place and compete

on a non-price basis. This may lead to the formation of a cartel, i.e.,

a combination of firms whose objective is to limit the scope of compe-

titive forces with a market. It may also take the form of legal or



illegal collusion; the member firms entering into an enforceable con-

tract pertaining to price and possibly other market variables.

Such cartels may perform a wide variety of services for their

members. Two in particular are important: price fixing and market

sharing.-' Price fixing can take various forms whereby a few firms set

price, or a dominant firm sets a price and other firms follow. Market

sharing is concerned with two methods: non-price competition and quo-

tas. The former is usually associated with flexible cartels. A uni-

form price is fixed, and each firm is allowed to sell all it can at

that price. The quota system involves segmenting market shares on the

basis of predetermined sales and/or purchases or a geographical divi-

Si Ofl.

Many of these characterstics have been attributed to the buyers

and users of peppermint oil. In 1971, an anti-trust suit was brought

against one mint oil buyer and five mint oil users by Pacific Northwest

mint growers. These firms allegedly:'

(1) fixed both spearmint and peppermint prices,

(2) attempted to monopolize the mint industry,

(3) confined major users' oil orders to the four major buyers,

(4) excluded would-be competitors from buying or otherwise
handling mint oil,

(5) prevented bargaining or competition by boycotting and

refusing to deal with mint growers who attempt to
market their oil through associations or cooperatives,

Nicholls, W.H., "Imperfect Competition within Agricultural Indus-

tries," 1941, p. 105.

Schaaf, C.A., Deputy Court Clerk, 1971 civil court action 4029,

United States District Court, Western District of Washington,

Southern Division, Tacoma, Washington, January 18.



(6) boycotted and refused to deal with growers who attempted to
sell a part of their mint oil production directly to users,

(7) manipulated and controlled the amount of acreage devoted
to mint cultivation,

(8) tied the granting of loans, financial services, and other
services to growers to the acquisition of growers' crops
at certain prices,

(9) discriminated against PNW growers in favor of Midwest
growers in prices paid for mint oil, and discriminated
unlawfully in price in other respects, and

(10) in the foregoing and in other ways presently unknown to
the plaintiffs, prevented, restricted, eliminated, and
destroyed competition in the mint oil industry.

Finally, in 1975, the case was arbitrated out of court. The growers re-

ceived a $13.6 million settlement from the defendents.-" Following this

settlement, seven new companies have established a foothold in the whole-

sale buying market. Although their aggregate market share is small,

approximately 15 percent, the entry of these companies into the pepper-

mint market may be aresult of anti-trust concern by the four major

buyers

Regardless, it cannot be concluded that an oligopsony does or does

not exist. But the potential is ever present, and growers must be aware

of the market power an oligopsony exhibits as they interpret past and

future peppermint prices.

Albany Democrat-Herald (Oregon), "Mid-Valley Mint Growers Share
in $13.6 Million Settlement," June 14, 1975, p. 1.

Homer, G.E., . cit.
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CHAPTER VII

PEPPERMINT PRICE ANALYSIS

Price analysis is the quantitative study of supply-demand relation-

ships. The preceding chapters discussed the individual factors af-

fecting supply and demand. This chapter focuses on these factors as

they influence supply-demand relationships in determining price.

One of the most important questions a peppermint producer must

ask when planning future production is: "What price will I receive for

my peppermint oil?" Price represents to the producer the future payoff

for much invested time and money. Because peppermint production de-

cisions and prices received for peppermint oil are separated by time,

uncertainty is created in the decision-making process. Investigation

of the factors influencing supply-demand relationships can aid pro-

ducers' understanding of future prices and assist the producer when

making future production plans. The overall objectives of this chapter

are the following:

(1) Investigate historical peppermint price behavior to
identify year-to-year variation, trends, and uniform
or irregular patterns of behavior;

(2) exaidne theoretical implications of the peppermint
industry's supply-demand relationships as they inter-

act to determine price;

(3) empirically estimate the supply-demand relationships
and identify those factors that have a major influence

in determining price;

(4) evaluate the usefulness of price analysis as a pre-
dictive tool in the peppermint industry.
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Peppermint Price \Tariation Through Time

One of the simplest approaches in forecasting is to assuie that

the recent past trend will continue into the inunediate future. In many

cases this is a naive assumption. But the components that determine

past trends may have similar influences on future trends. Therefore,

examining past peppermint prices should aid in estimating future

trends.

Price variation is the result of a complex mixture of changes asso-

dated with supply-demand related factors. The frequency and magnitude

of price changes depend on (1) the frequency and magnitude of shifts in

supply and demand and (2) on the elasticities (more specifically, the

slopes) of the supply and demand schedules.

Year-to-year product price variation is typically the result of

changes in supply. Crops have swings in annual production because

(1) yields are sensitive to weather conditions, disease and pests,

and (2) acreage planted and harvested often can be changed from year

to year.

Trends in agricultural prices are associated with general infla-

tion and deflation in the economy and with factors specific to agri-

cultural products, including changes in tastes and preferences of cus-

tomers, increases in population and income, and technological changes

in production.

Graphical methods provide a simple means of identifying year-to-

year variation, trends, and uniform or irregular patterns of price



behavior. Annual Oregon, Washington, Midwest, and average U.S. pep-

pernhint prices are shown in Figure 15.

The single, most descriptive characteristic of recent peppermint

prices is volatility. Since 1970, average U.S. peppermint prices have

ranged from a low of $3.70 per pound to a high of $14.80, an increase

of nearly 300 percent. Prior to 1970, average U.S. price exhibited

less volatility.

As compared to Washington and Oregon, Midwestern peppermint oil

was significantly higher priced from the period 1950 to 1971. This

difference may be attributable to the dissimilarity of oil quality be-

tween the two regions. Before 1950, the Midwest was the only estab-

lished peppermint producing region. During that time when new pepper-

mint flavored products were developed, Midwestern peppermint was the

only reliable supply available. As time passed and production shifted

to the Pacific Northwest, industrial users were reluctant to change

peppermint oil types. Pacific Northwest peppermint oil was not the

same high degree of uniformity (according to the users), and this

could jeopardize the acceptance of their product. Eventually, this

reputation changed as the PNW consistently produced reliable supplies

of peppermint oil with uniform quality characteristics. This may have

caused the price relationship between the PNW and the Midwest to change

from 1972 to 1977.

What possible factors caused the irregular, volatile prices of the

1970's? Since 1967, peppermint prices were declining due to successive

large peppermint crops in 1966-1970 (see Figure 1, Chapter 2). During

this time harvested acreages were increasing substantially in Oregon and
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Washington, and yields were above average (see Figure 3, Chapter 3).

Consequently, the supply of peppermint oil was outracing the demand

for peppermint oil, increasing peppermint oil stock reserves and

forcing prices downward.

In 1970, total U.S. harvested acreages decreased rapidly. Con-

sequently, U.S. total production dropped two consecutive years from a

high of nearly 5 million pounds to a low of 3 million pounds. Addi-

tionally, exports were at record high levels (see Figure 13, Chapter

6). The combination of reduced production and high export demand de-

pleted stock reserves, and the rise in peppermint prices was dramatic.

Until 1976, production responded sluggishly to high prices. Oregon's

production increased significantly, and peppermint prices began to

recede in 1978. Currently, Oregon and Washington peppermint prices

have shifted downward to the $9 to $10 per pound range, while Mid-

western prices have fallen to the $14 per pound level after achieving

a high of over $16 per pound in 1977.

In summary, peppermint prices have exhibited a high degree of

volatility during recent years. Possible explanations for this ir-

regular price behavior center around (1) large peppermint crops from

1966 to 1970 creating large stock holdings as the quantity of pep-

permint produced exceeded the quantity demanded, (2) production de-

creased during two years, and stocks began to diminish, and (3)

foreign quantity demand was extremely high during the period 1970

to 1974, further diminishing stock levels.



Price Determination

Price determination is the theory of pricing and the manner in

which economic forces influence prices under various market structures

and various lengths of time.

Little research has been devoted to the study of supply and de-

mand relationships of peppermint. Liebel (1950) included an analysis

of price and peppermint trends but no demand or supply models. Kramer

(1964) estimated supply and demand functions for the U.S. peppermint

industry but did not consider stock levels and, therefore, did not ex-

plain much of the variation in peppermint prices. Patty (1972) esti-

mated demand elasticities for exports to the European market to be from

-1.0 to -1.50 (a one percent change in peppermint price will inversely

change the quantity demanded by 1 to 1.50 percent). He did not present

any other domestic or foreign demand and supply coefficients. Price

(1973) developed supply and demand functions for each production region

and for the aggregate of all regions. Using a simulation procedure, he

concluded the large fluctuations in non-price variables are needed to

induce the wide fluctuations in peppermint prices. Non-price variables

such as new product development, prices of substitute oils, and specu-

lation of future prices through stock reserves caused erratic demand

shifts. Similarly, wide fluctuations in acreages were due to non-price

variables such as disease and long-term contracts.

The purpose of this study is not to refute or verify the findings

of earlier research, but to utilize previous research as a guide to



update current understanding of the supply and demand relationships in

the peppermint industry.

Price Determination Model

Intuitively, peppermint price is some function of the five com-

ponents: (1) domestic demand, (2) foreign demand, (3) yields, (4)

acreages harvested, and (5) stock level changes. These five compo-

nents make up the price determination model diagrammed in Figure 16.

Peppermint price is assumed to perform the function of equating the

quantity supplied and the quantity demanded in the short-run, con-

sidering stock changes. On the supply side, previous prices deter-

mine harvested acreages (or production capacity); the current price

influences yield. These two components directly determine total annu-

al production. Total annual production influences the current price

and the level of stocks held in storage. The level of stocks held

influences the change in stock levels. Price and stock level changes

have a simultaneous influence on each other.

Demand is divided into two markets--foreign and domestic. Each

influences price, and price influences each.

This diagram does not include all the factors influencing prices.

Many exogenous variables indirectly play a role in the price determi-

nation process. Although their influence on the included variables

is not apparent in the model.
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Theoretical Price Determination Model

The diagram of the price determination model (Figure 16) shows

the relationship of supply-demand factors to price. But the diagram

does not specifically show how the supply-demand variables interact

to determine an equilibrium price.

Equilibrium price is simply the price at which quantity demanded

and quantity supplied are equated. A theoretical equilibrium price

model is shown in Figure 17. After the harvest of a peppermint oil

crop, the quantity of the oil cannot be increased until the next har-

vest. Consequently, the total available quantity supplied in any

given year is the sum of all producers' production plus peppermint

oil stocks from previous production period (0Q3). The market supply

curve is a straight line parallel to the vertical axis as labeled

TQA (total quantity available).

Total demand (TD) is the summation of foreign demand and domestic

demand. Domestic demand (DD) is assumed to be relatively more inelas-

tic than foreign demand (FD) because of the low degree of substituta-

bility for peppermint oil in the United States.

Stock supply is the positively sloped curve labeled SS. This

curve represents a schedule for the quantity of peppermint oil supplied

at each price level.

Price equilibrium is attained at that price which exactly clears

the market. In Figure 17, equilibrium is obtained when total quantity

demand is equated with the stock quantity supplied. Represented in

identity form:
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QD + QFt = TQA S.

where:

QDt = Domestic quantity demanded in year t,

QF = Foreign quantity demanded in year t,

TQAt = Total quantity available in year t,

S = Stock levels held in year t.

94

(1)

The market equilibrium is 0P0, and the total quantity demand is

QQ0. At price level OP,, the domestic quantity demanded is OQ1, and

the foreign quantity demanded. is 0Q2. Stock levels in the current

year are Q-Q0.

The theoretical equilibrium price model represented in Figure 17

is quite elementary. ut it can be a useful first step in under-

standing peppermint price behavior. For example, low production

levels in year t would shift TQAt to the left. Ceteris paribus, SS

would shift in a parallel leftward direction increasing equilibrium

price. Numerous examples of the dynamics of this model could be

cited. Generally, the frequency and magnitude of price changes de-

pend on (1) the frequency and magnitude of changes in supply and de-

mand, and (2) the elasticities (slopes) of the supply and demand

functions.

Theoretical Specification

From the theoretical price determination model, five variables

can be specified in functional form. They :are: (1) foreign demand,



(2) domestic demand, (3) yields, (4) harvested acreages, and (5)

change in stock levels. The model is specified as follows:

= f(FP2, PPFIt2, Al-1i, SBt2, TRt) (2)

YEt = f(FPt, PPFIt, AHt, TRt) (3)

QD = f(DFPt, DPDIt, POPDt, SP) (4)

FQDt = f(DFOP, FPDIt, POPFt, SPt) (5)

sct = f(EFPt1, EIRt1, ASLt) (6)

where:

AHt = acreages harvested in year t

FPt_ = lagged farm price of peppermint (i = years),

PPFIt_I = lagged prices paid by farmers (i = years),

= lagged acreage harvested (i = years),

SBt2 = price of substitute crops

TRt = trend in year t,

YEt = yield levels in year t,

QDt = domestic quantity demanded in year t,

DFPt = deflated farm price of peppermint in year t,

DPDIt = domestic personal disposable income in year t,

POPD = domestic population in year t,

SP. = deflated price of substitute products in year t,

FQDt = foreign quantity demanded in year t,

DFOPt = deflated foreign oil price in year t,

FPDIt = foreign personal disposable income in year t,



POPFt = foreign population in year t,

SC = stock level change in year t,

EFPt+i = expected farm price for peppermint in subsequent year,

EIRt1 = previous yearts interest rate,

ASLt = absolute stock levels (average of three years).

Acreages harvested in time period t (Equation 2) is a response to

decisions made in previous planning periods. Previous prices received

for peppermint oil, prior costs of production, past acreage levels,

other competing crops, and institutional, technological, disease, and

other factors all contribute to the level of acreages harvested in any

one year. Previous prices should have a positive effect on acreages

harvested, while cost should have a negative influence. Previous acre-

age levels should have a positive influence on current acreages be-

cause of the perennial nature of peppermint. The prices of alterna-

tive crops have a negative effect on peppermint acreages. For example,

if the prices increase substantially for substitutable crops competing

for the same production factors as used to produce peppermint, then a

shift in the utilization of factors to the production of a substitute

crop may cause peppermint acreages to decrease.

Previous prices influence yield in that they form the basis for

expected prices, and the level of inputs used in peppermint production

are compared to these expected prices (Equation 3). For example, if

peppermint producers expect high prices, it may be to their benefit to

incorporate higher levels of fertilizer or irrigation water to increase



yield. Therefore, yields may respond positively to previous prices.

Ceteris paribus, yields should respond negatively to increases in

acreages harvested. This is because of the characteristically low

first year yields of newly planted peppermint, and the decline in

yields of older peppermint stands that have not been taken out of

production.

Yields are determined largely by diseases, pest control, tech-

nology, and other factors. Therefore, a time trend variable is in-

cluded to account for these factors.

Domestic demand (Equation 4), as measured at the farm level, is

a function of the real price of peppermint oil. Theoretically, price

and quantity demanded are inversely related. Also, the real personal

income and domestic population levels have positive influences on

the quantity demanded. The prices of substitute products are posi-

tively related to the demand for peppermint.

Foreign demand is a function of real farm price for peppermint

oil, the exporting country's real personal disposable income, popula-

tion levels of the exporting countries, and the price of peppermint

oil substitutes in the world market. Theoretically, price should

exert a negative influence on exported oil levels. As with domestic

demand, export countries' real personal disposable incomes and popula-

tion levels are positively related to foreign demand for peppermint

oil. The price of peppermint oil influences the foreign demand in a

positive manner. For example, as the prices of substitutes increase,

U.S. exports of peppermint oil will increase.



The structural framework of the foreign and domestic demand

functions assumes an underlying utility function for peppermint and

all other goods (in a two-commodity world) that exhibits diminishing

marginal utility and a satiation level for peppermint oil. That is,

as more and more peppermint oil is consumed, the utility derived from

additional peppermint oil decreases. At some level of consumption,

a utility level is achieved where any additional consumption will not

add to the total utility derived from peppermint oil. This level is

called the satiation level)-'

Such a utility function is called a Gossen-Edgeworth function.

The resulting demand function is of the following nature:

Q = b - b1r12 + b2r12M () b3M
P 0

where:

Q = quantity demanded,

b0 = constant intercept term,

bN = estimated parameters for N 1, 2, 3,

r12 = price ratio (price of peppermint: price of all
other goods),

M = income.

(7)

The sigr of the coefficient for income (M) can be positive +, negative

(-), or zero (0). A positive sign indicates peppermint is a comple-

mentary good, a negative sign indicates a competitive good, and a zero

11 Edwards, J. A., Professor, Department of Agricultural and Resource
Economics, Oregon State University, personal conversation, March 28,
1980.



represents no effect. With this background, one can more fully evalu-

ate foreign and domestic demand.

Peppermint oil can be preserved indefinitely if stored properly.

Stocks held by buyers or growers may contribut substantially to the

supply of oil in any given period. Stocks serve two functions: (1)

insurance by buyers to meet long-term commitments to users in the event

of a crop failure, and (2) a technique used to speculate in the event

of price changes. Factors influencing the level of stocks held are

the cost of storage, expected price levels, and previous and current

stock levels.

Theoretically, stock level change is a function of the interest

rate representing the cost of storage, previous and current levels of

stocks held, and the expected price of peppermint. As the interest

rate increases, buyers and producers may be less willing to hold pep-

permint oil in storage. Similarly, as previous and current stocks

increase or decrease, changes in stock levels should decrease or in-

crease, respectively.

Previous and current prices are the bases for expected prices.

Depending on the changes in previous and current price levels, stocks

held will change in an opposite direction. That is, if previous and

current prices decrease, the level of stocks available at lower prices

decrease, and absolute stock levels increase.
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Empirical Estimation

Now that the structural variables of the theoretical price deter-

mination model have been identified, which structural form does this

model exhibit? That is, is the structural form of a recursive or a

simultaneous nature?

It could be argued that the peppermint price determination model

is of a recursive nature because the forces influencing price and

quantity are not determined under perfectly competitive conditions

and therefore, the notion that price and quantity are simultaneously

determined is irrelevant.

On the other hand, the nature of the data may not lend itself to

a true evaluation of lagged responses to decisions made by buyers and

sellers, in which case a simultaneous model is appropriate.

One approach to estimating the parameters of this system of equa-

tions is applying the estimation technique of ordinary least squares

(OLS) to each equation of the model separately, ignoring the distinc-

tion between explanatory endogenous and included eridogenous variables.

OLS ignores all information available concerning variables not included

in the equation being estimated. OLS assumes that the explanatory

variables are fixed numbers and, therefore, statistically independent

of the stochastic disturbance terms. From this, it follows that the

least squares estimates are unbiased and consistent estimators. There-

fore, this estimating procedure is adequate for a recursive price de-

termination model.
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The alternative approach is to use a simultaneous equation system

estimation technique such as three-stage least squares (3SLS). 3SLS is

referred to as a full information estimation technique since it estimates

all parameters of the structural form equations simultaneously. In the

first stage of the process, the reduced form parameters of each equation

are estimated, and the reduced form fitted values of the endogenous

variables are then used to obtain two stage least squares (2SLS) esti-

mates of the structural form parameters. Once 2SLS parameters are cal-

culated, the residuals of each equation are utilized to estimate the

cross-equation variances and co-variances. In the third and final stage

of the estimation process, generalized least squares parameter estimates

are obtained. The 3SLS procedure can be shown to yield more efficient

parameter estimates than 2SLS and OLS, because it takes into account

cross-equation correlation.

Data Acqtisition

The scope of the estimated peppermint price determination model

was specified in terms of the U.S. peppermint industry. All variables

are in terms of national or international values.

Data were collected from a number of sources. Annual data were

collected for all the variables included in the model from 1946-1979.

Production data are reported annually by the United States Department

of Agriculture, ESCS, Crop Reporting Board pertaining to average

regional and U.S. peppermint yields, average harvested acreages, average

Theil, 1962, Wonnocott and Wonnocott, 1977, or J. Johnston, 1962,
for further discussion concerning the properties and assumptions of

OLS, 2SLS, and 3SLS.
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total production, and average prices received by peppermint producers.

Foreign exports are reported both monthly and annually by the Foreign

Agricultural Service (FAS) regarding identification of importing coun-

tries, quantities of peppermint oil imported and prices paid, F.O.B.

U.S. port.

Domestic demand variables such as personal disposable income and

population levels are reported annually in the Economic Report of the

President and other economic and business journals. Foreign levels of

income and population are not readily available. A viable proxy could

be income and population statistics of a major importer such as the

United Kingdom. Again, this information was not readily available,

and problems exist with foreign exchange rates. Therefore, since a ma-

jority of the importing countries are similar to the U.S. in degree of

economic development, U.S. information was assumed to provide an

adequate proxy.

The level of peppermint oil consumed domestically and the level of

stocks held are not reported and therefore had to be estimated from

available data. Total U.S. peppermint production and the quantity of

peppermint oil exported are annually reported. The difference between

total U.S. producton and the quantity of peppermint oil exported is

the apparent domestic demand. From all indications, domestic demand

has steadily increased over the last 30 years. The evidence leading

to this assertion is the development of new products introduced during

this period. A priori estimates based on available literature placed
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total quantity demanded in the late 1940s for peppermint oil at ap-

proximately 1.5 million pounds and quantity demanded in late 1970 at

4.5 million pounds. Using this a priori information and statistical

regression techniques, domestic quantity demanded was assumed to be

approximately 1 million pounds in 1946 and increased yearly at a con-

stant rate of 3,600 pounds. Figure 18 shows the assumed domestic de-

mand in relationship to the apprarent domestic demand.

Stocks were computed by arbitrarily assuming a 3,500,000 pound

level in 1946 and applying stock changes to that figure in subsequent

years. Stock level changes are the difference between apparent domes-

tic demand and assumed domestic demand. The shaded areas above the

assumed domestic demand line in Figure 18 represent negative changes

in stock levels. Assumed stock levels are shown in Figure 19. These

values represent the quantities of oil held as stocks at the beginning

of the cropping year (before harvest).

Preliminary Analysis and Revision of Model

As an introductory analysis, the parameters of the prelimiary

model, using OLS and 3SLS, were estimated in double-logarithmic func-

tional form of the following nature:'

LNY + 1LN(X1) + 2LN(X2) + ... + NLN(XN) + E (8)

for N = 1, N

By using a double-logarithmic form, elasticities are given directly
by the coefficients of this equation.
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where:

LN = natural logarithm,

Y = dependent variable,

XN = explanatory variable,

= estimated parameters,

= constant intercept term,

E = stochastic error term.

As a preliminary analysis, the model was estimated using OLS.

Next, the endogenous variables of the model were determined as deflated

farm price, harvested acres, yield, stock level changes, domestic quan-

tity demanded, and foreign quantity demanded. Each equation was spe-

cified in reduced form, i.e., each endogenous variable was expressed

as a function of all exogenous variables in the system of equations.

These reduced form equations were estimated, and the fitted values of

the endogenous variables were used to obtain two stage least squares

eatimates (2SLS) estimates of each equation in the model. Once 2SLS

parameters were calculated, the residuals of each equation were uti-

lized to estimate the cross-equation variance and covariances. The

3SLS procedure obtained generalized least squares parameter estimates.

Following the preliminary analysis, various changes in the model

were made. A priori evidence did not suggest in which year peppermint

price influenced producers' decisions regarding peppermint planting

intention. Additionally, costs or prices paid by farmers for their

inputs have an influence on production plans. Current and previous
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year prices received and prices paid by producers did not have a sig-

nificant effect on harvested acreages. Therefore, they were dropped

from consideration. Two year's previous prices received and paid by

producers were significant which is evidence of the biological lag

in production of two years. Also, because peppermint stands are

usually maintained for four to five years, previous year's acreage

has a large influence on current acreage levels. Wheat prices were

used as a proxy for substitute crop for peppermint but were insigni-

ficant and dropped from the equation. A time trend was used as a

"catch-all" for other factors that may influence acreage over time.

Yields were determined to be a function of current U.S. pepper-

mint acreage levels, previous year's peppermint prices, and a time

trend. Current acreage levels have the effect of determining the

amount of new or old peppermint stands established or discarded, re-

spectively. Positive increases in acreage levels are interpreted

as the increase in new acreages was greater than the discarding of

old reducing yield levels. The reverse case holds for a decrease in

acreage.

Previous year's prices were used as a proxy for producers' de-

cision-making behavior regarding the use of inputs in production. A

nitrgoen index price was used as a proxy to estimate fertilizer costs

as they affect yields. It was found to be insignificant and dropped

from the equation. A time trend variable was used as a "catch-all"

for other factors that may have influenced yields over time.
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Domestic demand was specified in terms of deflated peppermint

price as explained by the domestic quantity of peppermint oil demanded,

the current deflated price of spearmint oil, current deflated personal

disposable income in the U.S., and an interaction term between the cur-

rent deflated peppermint price and current deflated personal disposable

income as characteristic of Gossen-Edgeworth utility functions. All

prices and income levels were deflated by the implicit GNP deflator

to evaluate the price of peppermint oil and personal disposable in-

come in real terms.

Foreign demand was specified in terms of the quantity of pepper-

mint oil exported as explained by the deflated price of peppermint

oil (F.0.B., U.S. Port) and the interaction of deflated price and de-

flated personal disposable income. U.S. disposable income was used as

a proxy for foreign dispoable income. Initially, the price of spear-

mint oil was used as a proxy for substitute products and U.S. personal

disposable incomes were estimated to determine that influence. They

were insignificant and consequently dropped from the equation.

Changes in stock levels were determined to be explained by the

current deflated price of peppermint oil, previous year's interest

rate, and a three-year moving average of peppermint stocks. Current

deflated price was used as a proxy for expected prices. The prime

rate represents an estimate for the cost of holding stocks. The

three-year moving average of stock levels has an implicit effect of

(1) measuring the build-up or depletion of stored oil levels and

(2) providing a more firm estimate of stock levels for any one year.
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Final Model Specification

Following the preliminary analysis and revision of the model,

final model specifications were outlined. It was determined that the

nature of the model could not be estimated recursively because of the

simultaneous effects of yield, harvested acreages, stock level changes,

domestic and foreign consumption and domestic peppermint price.

Therefore, 3SLS was chosen to estimate the peppermint price deterniina-

tion model. The final equations are as follows:

= f(FPt2, PPFIt2, TR) (9)

YEt = f(FPt1. AIIt, TRt)
(10)

QD = f(DFPt, FDPIt, DSPt, DPDIt)
(11)

FQDt = f(DFOPt, F0DI)

SC = f(DFPt, ER_i, ANASL)

QD = (AI-I YEt) + Sct FQDt

where;

= U.S. peppermint acreages harvested in year t,

FPt2 = U.S. farm price of peppermint in year t-2,

PPFIt2 = Prices Paid by Farmers Index in year t-2

A111 = U.S. peppermint acreages harvested in year t-1,

TR = trend in year t,

= U.S. peppermint yield in year t,

FPt1 U.S. farm price of peppermint in year t-1

(12)

(13)
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DFPt = U.S. deflated farm price of peppermint in year t,

QDt = domestic quantity demand in year t,

FDPI = Gossen-Edgeworth interaction between deflated pep-S
permint price in year t and personal disposable
income in year t,

DSPt = U.S. deflated price of spearmint oil in year t,

DPDIt = deflated personal disposable income in year t,

FQDt = foreign quantity demand in year t,

DFOPt = deflated price of exported peppermint oil,

FODIt = Gossen-Edgeworth interaction between foreign per-
sonal disposable income in year t and deflated
foreign peppermint oil price in year t,

SC. = peppermint stock level change in year t,

EIRi = prime interest rate in year t-1,

ANASL = three-year moving average of peppermint stock levels
(prior to harvest levels).

Empirical Results

Three stage least square estimates are as follows, along with

standard error (in parentheses).

Al-It
= 192.07 + .O9OFPt2 .O62PPFIt2 +

(.052) (.494) (.118)

25.9Th

(8.5)

(14)

YEt = 2.95 .328AH.t .282FPt1 + l.27TR (15)

(.104) (.063) (.211)
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SC = :L9.28 .7S7DPTt - .483ANASL .698EIRi (16)

(.211) (.078) (.148)

QDt = :14.54 5.56DFPt + .682FDP1 .O84DSPt .
839DPDI (17)

(.789) (.097) (.034) (.257)

FQDt = 9.36 7.58DFOPt + .832F0D1

(.052) (.398)

(18)

Using an approximate t-test, all coefficients are significant at

= .10 level except PPFI
2

in Equation 14. Possible explanation for

the apparent insignificance of PPFIt
2
is the general nature of the

index referring to all agricultural production rather than specific in-

puts utilized by peppermint producers.

All signs were as expected excluding FPi in Equation 15. Pos-

sibly, this variable has a strong correlation with harvest acreage

levels. Ordinarily, FPi would be dropped from the equation because

of inulticollinearity problems. But because its significance level is

high, the elimination of FP1 is unjustified. Various transformations

such as first difference, ratio of nitrogen to FP1, and deflated

peppermint price were used to ascertain the effect of peppermint price

on yield. Each transformation produced poor results, and the negative

sign for FPi remains a mystery.

Sensitivity Analysis

The results using 3SLS estimated parameters are most readily ex-

plained by using elasticities. Elasticities express the percentage

change in a dependent variable given a one percent change in a specific
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explanatory variable. Typically, elasticities are used to express the

percentage change in quantity associated with a one percent change in

price.' Therefore, the dependent variables in the price determination

model can be analyzed to their sensitivity in changes in price or other

non-price variables using elasticity estimates.

First, investigating the supply side of the price determination

model, what is the effect of the specified explanatory variables on

yield, harvested acreages, and changes in stock levels?

Using harvested acreages as a starting point (Equation 14), a 10

percent change in U.S. peppermint price t-2 will result in a .90 per-

cent change in current harvested acreages in the same direction. A

10 percent change in prices paid by farmers t-2 results in a .62 per-

cent change in current acreages in the opposite direction. Also, when

previous year's acreages change by 10 percent, current acreage levels

will change by 6.1 percent. Overall, harvested acreages can be

characterized as inelastic or slow to respond to a large change in

specified explanatory variables.

Yields in the short-run are a function of many factors (Equation

15), especially weather. Therefore, it is difficult to ascertain the

direct effects of the yield equation's explanatory variables. Yields

are inelastic with respect to current acreages levels, - .328, and U.S.

farm price t-1, -.282. Generally, U.S. peppermint yield is inelastic

with respect to the specified explanatory variables.

4.! For further discussion of elasticities, see Houck, James P.
1967. "Price Elasticity and Linear Supply Curves." American Eco-
nomic Review, 57: 905-908.
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Many factors, not specifically identified in both the acreage and

yield equations are generally specified in the time trend variable.

Unfortunately, the coefficients of these variables cannot be inter-

preted as elasticities and some information provided by the equations

is lost.

Sotck level changes are slow to respond to changes in real price

levels, cost of storage, and current and past stock levels. For

example, a 10 percent increase in real U.S. peppermint price is asso-

ciated with 7.57 percent decrease in stock levels. Average stock

levels and interest rates have the same directional effect which re-

suits in 4.83 and 6.98 percent changes, respectively.

Taking this analysis one step further and applying the above

results to the theoretical peppermint price determination model dis-

cussed earlier in the chapter. what assertions can be drawn concerning

peppermint prices and the quantity of peppermint supplied or .vai1ab1e

in any one year? Yields, harvested acreages, and stock level changes

determine the total available. Each of these factors is price in-

elastic. Therefore, the total quantity available curve, TQA (see Figure

17) appears generally inelastic over a wide range of prices. If TQA

is inelastic, then small changes in TQA can cause relatively large

changes in equilibrium price given the demand is relatively inelastic.

Therefore, supply side changes represent a plausible explanation

for U.S. peppermint price volatility given the demand for peppermint

oil.
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Domestic demand of peppermint oil is price inelastic, - .112. That

is, as the U.S. price of peppermint oil changes by 10 percent, pepper-

mint price changes 1.12 percent in the opposite direction. This sug-

gests the demand curve is insensitive to price changes. Also, the

negative sign for the price of spearmint suggests that spearmint is a

complementary good with respect to peppermint rather than a substi-

tutable good as expected. But the negative sign on personal disposable

income supports the case that peppermint is a competitive good, with

regard to all other goods except spearmint oil.

Foreign demand has a price elasticity of - .446, suggesting an

inelastic demand curve. This is contrary to observations by Patty that

European importing countries are highly price sensitive implying an

elastic demand curve." Also foreign consumed peppermint oil is con-

sidered to be neither a complementary or competitive good. In many

cases, both foreign and domestic peppermint oil make up such a small

portion of any mint-flavored product and, therefore, the relationship

of peppermint oil to other goods is difficult to ascertain; conse-

quently, whether peppermint oil is a complementary or a competitive

good has little value.

Applying the above analysis to the theoretical price determination

model, what implciations may be drawn? The empirical estimates suggest

both domestic and foreign demand are price inelastic, with foreign de-

mand relatively more elastic than domestic demand as hypothesized.

This suggests that regardless of the relative dominance of domestic or

Patty, Gordon, p. cit. p. 24.
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foreign demand on total demand for peppermint oil, the total demand is

inelastic.

Using empirical estimates of price elasticities for both supply

and demand, what implication can be drawn in explaining peppermint

price behavior? Intuitively, small changes in supply and demand can

yield relatively large changes in price. Such conditions existed

during the 1970's when growing foreign demand (see Figure 14, Chapter

6) and decreases in total production (see Figure 1, Chpater 2) occurred

simultaneously with a volatile, upward price pattern. Similarly, the

production increase during the latter years of the 1970's could explain

the sharp downward pattern of price levels.

Given the above information, relatively small changes in factors

determining running supply and demand for peppermint oil may have a

large effect on price. Identification of these changes will shed in-

sight on the magnitude and direction of peppermint price changes.

Peppermint Price Prediction

Price prediction has two purposes: (1) estimate actual price, and

(2) estimate the direction of change in year-to-year variation in

actual price. Therefore, several variables were selected from the

peppermint price determination model to test their predictive capa-

bilities.

These variables were selected on the basis of their assessibility

for prediction of prices in time period t + 1 and their significance

level as explanatory variables in the price determination model. After
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testing several models, the following functional form for the pepper-

mint price prediction equation for Oregon is as follows:

FPt "'t-l' TR, QDt, PDIt, ASLt, FPi, AI-i1)

where:

FPt = Oregon farm price of peppermint in year t,

YE1 = U.S. peppermint yield in year t-1,

TR = time trend,

QDt = domestic quantity consumed in year t,

PDI = estimated U.S. disposable income in year t,

ASL = absolute stock levels in pre-harvest production
year t,

= Oregon farm price of peppermint in year t-1,

1
= u harvest peppermint acreages in time period

t-l.

(19)

The price predicting equation was estimated as a double logarithmic

functional form using ordinary least squares. Standard errors are not

relevant because this is strictly a predicting equation. The estimated

price predicting equation is as follows:

FPt = 25.29 .598YEi + 24.13TR l4.4OQDt 1.76PDIt

.315ASLt + 357t-1 + Ji6t1 R2 = .81

The actual Oregon price versus the fitted or estimated price are

plotted in Figure 20. The predicted price for 1980 is $9.90.
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Unfortunately, 1980 estimated price may be a doubtful proxy for actual

1980 Oregon peppermint price. This assertion can be made because,

generally, the fitted Oregon prices roughly estimate actual prices

(mean absolute error of $O.90)1 and the price predicting equation suc-

cessfully predicted only four of fourteen major turning points. The

price prediction equation was characteristically late in predicting

price levels and turning points. More specifically, especially during

the 1970's, estimated prices were one year late. Obviously, the esti-

mated price behavior is the result of the use of many lagged explana-

tory variables. Data restrictions on current period variables limit

the usefulness of this price prediction equation.

The price prediction equation roughly estimates price and, there-

fore, such estimates could be useful information for developing a

range of possible future prices. But the equation has a poor record

estimating turning points and consequently provides little indication

of the direction changes in price in any one year. Because of the pre-

diction equation's inability to follow price changes closely, further

research is needed in the area before the price prediction equation

can be put to practical use.

The next section addresses the issue of price changes in a general

sense. It discusses the sensitivity of the dependent variables changes

6/
A -F

Calculated as
T

for t 1 " 34

where: A = actual in year t,
F = fitted in year t,
T = number of years.
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associated with changes in the explanatory variables. Since peppermint

price is an explanatory variable in the price determination model, the

effect of price changes can be analyzed. Additionally, other supply

and demand factors will be analyzed to understand their effect on price

changes.

Limitations of Analysis

Care should be exercised in interpreting the results of the em-

pirically estimated price determination model. The potential existence

of an oligopsony is not considered in the analysis. Also, stock

levels and the domestic quantity consumed were synthesized from

sketchy data. If the assumed values of stock levels and domestic

quantity consumed are in error, a bias is created, possibly leading

to an erroneous analysis. Thirdly, the U.S. peppermint industry does

not lend itself to a thorough empirical analysis. That is, demand

and supply schedules exist for each production area, but the oils

from each area substitute to some extent for one another. There-

fore, u.S. produced peppermint oil can at times be viewed as a homo-

geneous commodity and at other times as many commodities.
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CHAPTER VIII

SUMMARY AND FUTURE ISSUES

The peppermint industry has grown to be the largest perennial herb

industry in the United States. The U.S. peppermint industry has the

worldwide reputation as a consistent supplier of high quality pepper-

mint oil. This study has focused on some of the factors that have

placed the peppermint industry in such an advantageous position.

In review, the major factors contributing to the current success

of the U.S. peppermint industry are: first and foremost, the United

States has ideal peppermint growing conditions to consistently produce

quantities of peppermint oil to meet both foreign and domestic demands.

Secondly, along with ideal production growing conditions, the United

States peppermint industry has the ability to produce quality pepper-

mint oil to meet customers' requirements, both foreign and domestic.

Thirdly, the ability to produce quality peppermint oil at a competi-

tively low price makes peppermint oil very attractive as a flavoring

agent. Fourthly, the peppermint industry has been supported by

strong technology research and development programs sensitive to

the industry's needs.

In review, the following factors were identified as having an

impact on producers' decisions.
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Total U.S. Production, Harvested Acreage,
and Yield

1) United States peppermint production has increased
nearly fourfold over the last 30 years;

2) U.S. average peppermint yield has been relatively
stable, especially during the last decade;

3) Much of the increase during the period 1946-1979
can be attributed to expansion of peppermint pro-
duction in the Pacific Northwest;

4) Oregon is the predominant peppermint production area
in the U.S. and has a large influence in explaining
total U.S. peppermint production;

5) Decisions to expand or reduce peppermint acreages
may be influenced by such factors as input prices,
technology change, capacity to expand, value of sub-
stitute crops, weather, rootstock quality, and pep-
permint stand life;

6) While most producing regions enter and exit from
the production of peppermint with comparative ease,
Oregon exhibits a downside rigidity in its produc-
tion system, because of the capital investment re-
quirements of specialized peppermint equipment and
lack of alternative uses for this equipment. Al-
though Oregon has the ability to expand acreages
rapidly over a short period of time, Oregon does
not have the inability to forestall production when
conditions are less favorable.

Cultural Practices

1) The production of peppermint oil is very complex
in nature requiring extensive technical knowledge
and highly specialized equipment;
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2) The cultural production of peppermint oil is quite dependent

on petroleum energy. As the price of petroleum increases
almost every area of the production system will be affected.
Consequently, producers may adjust their production practices
to counter the increase in production costs by evaluating

their management strategies in regard to reducing waste and
stressing timeliness in their usage of irrigation water, fer-

tilizer, herbicides, insecticides, and machinery;

3) Three other factors, besides rising energy costs, could in-
fluence wide-ranging changes or adjustments in current cul-

tural practices. Environmental concerns regarding the indis-
criminate use of pesticides, soil and water conservation mea-
sures, and verticillium wilt disease may not cause immediate

changes in production practices, but in the long-run future
changes and adjustments in the production factors are foreseen.

Peppermint Production Costs for Oregon Producers

1) Peppermint stand establishment, irrigation, fertilization and
harvesting costs constitute a large percentage of total pro-
duction costs;

2) Of the three peppermint production regions in Oregon, eastern
Oregon has the lowest cost per pound of peppermint produced
while the Willamette Valley has the highest cost per pound;

3) Production costs are quite sensitive to changes in peppermint
yield levels and length of stand life. Other production factors
individually have a small influence on total production costs
but have a large influence on yield levels which may signifi-
cantly influence changes in total production costs;

4) A large capital investment is required to establish a pep-
permint stand, but this has not created a barrier to new
produce±s entering the industry. Although once the capital
investment is made in highly specialized peppermint production
resources, shifting of these resources into other agricultural

enterprises is quite difficult.

Market Structure

1) The peppermint oil marketing structure is composed of four prin-

cipal elements: producers, buyers, users, and retailers of

peppermint-flavored products;
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2) Between 700 to 900 farms in the United States grow peppermint,
while only four buyers and six users purchase nearly 85 per-
cent of the total annual U.S. production;

3) A potential oligopsony exists in the peppermint market and pro-
ducers must be aware of the marketing power such a structure
exhibits when evaluating peppermint prices.

Domestic and Foreign Consumption

1) The modern peppermint industry is built on the unique and uni-
form flavor qualities of peppermint oil. The economic viability
of peppermint-flavored products depends on the high quality of
peppermint oil.

2) The demand for peppermint-flavored products dictates the amount
of peppermint oil consumed. Therefore, the demand for pepper-
mint oil at the farm level is a derived demand;

3) Most of the peppermint oil used domestically is consumed as
flavoring for chewing gum and toothpaste;

4) Foreign demand for peppermint oil has increased steadily over the
last 20 years. Exports during that period accounted for 36
percent to 76 percent of annual total U.S. production;

5) As the peppermint industry becomes increasingly dependent on ex-
ports, better understanding is needed for production decisions
to become more responsive to world market developments.

Price Analysis

1) Peppermint price patterns have exhibited a high degree of vari-
ability during the last decade;

2) These irregular price patterns may be explained by low production
levels in combination with low stock levels, and high export
demand;

3) Additionally, peppermint price variation can be explained by
the elasticities of supply and demand. The empirical estimates
show peppermint supply and demand to be price inelastic with
foreign demand relatively more elastic than domestic demand.
Therefore, small changes in supply and/or demand for peppermint
oil may cause relatively large changes in prices.
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4) Implications of the empirical analysis may explain the price
fluctuation patterns exhibited during the 1970's. Supply-side

shocks resulting from low production levels, in combination
with increased foreign demand, may have created the upward

spiral in peppermint prices. As peppermint production increased
over time and exports diminished in response to higher prices,

the same reasoning may explain the sharp downward trend in pep-
permint prices in the late 1970's.

Emerging Issues

What does the future hold for the peppermint in

as soon as a particular course of future conduct for

be outlined, the scenario would be proven incorrect.

minent emerging issues can be identified.

Recently, a marketing order was established for

Iustry? Certainly

the industry would

Regardless, im-

spearmint.!' The

economic rationale underlying such a marketing order is that a small

group of producers can restrict supply to gain a higher degree of mar-

ket power. The justification for the marketing order was supported by

evidence that (1) prices received by growers for spearmint oil reached

"parity" in only one year of the last ten, and all other years were sig-

nificantly below "parity," (2) the spearmint oil industry has been ad-

versely affected by persistent wide fluctuations in prices received for

spearmint oil, (3) price variability for oils is associated with the

wide variation in production of spearmint, (4) with both production

and prices swinging widely, there is a high level of economic uncer-

tainty in the production and marketing of spearmint oil, (5) spearmint

oil producers, individually and collectively have been unable to cope

Federal Register, "Spearmint Oil Produced in the Far West, Recom-
mended Decision and Opportunity to File Written Exceptions to Pro-
posed Marketing Agreement and Order," Volume 45, No. 6, January 7,
1980.



125

with the industry-wide problem of balancing supply with market needs,

and (6) a need exists to moderate year to year supply fluctuations and

that regulating the annual amount of spearmint oil which handlers

(buyers) may purchase from producers in accordance with individual

allotments can stabilize and promote orderly marketing..

Much of the evidence used to support the need for a spearmint mar-

keting order is characteristic of the peppermint industry during the

past decade. From a producer's point of view, what may be some pos-

sible benefits and costs of restrictions associated with a marketing

order as applied to the peppermint industry?

Because the spearmint industry is closely related to the pepper-

mint industry, further investigation of the spearmint industry's market

order is appropriate. The objectives of this spearmint marketing order

are to (1) establish "parity" prices as the prices received by spear-

mint producers by restricting supply, and (2) maintain an adequate

supply of spearmint oil at more stable prices..1' By achieving the

above objectives, the marketing order would serve the function of es-

tablishing a fair return to producers while stabilizing price which

gives the producer an incentive to produce quality peppermint oil.

The marketing order will be implemented as follows: the produc-

tion area is defined as the Pacific Northwest. Producers are assigned

annual allotments, or that quanity of oil for a given marketing year

that each producer would be able to market. Handlers, the buyers, will

purchase allotted amounts and make record of each quantity sold.

Ibid.

Ibid.
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A spearmint oil administrative committee will be established to

administer the terms and conditions of marketing order. Members of the

committee will represent both producers and the public. The committee

will have the power to administer the provisions of the order in ac-

cordance with its terms; make such rules and regulations as necessary

to carry out the provisions of the order; receive, investigate and re-

port to the U.S. Secretary of Agriculture complaints of violations of

the order; and recommend to the Secretary amendments to the order.

Other duties of the committee will be to investigate and assemble

data on the growing, handling, and marketing of spearmint oil. Such

studies would provide information necessary in order for the committee

to make proper recommendations and perform other duties.

The committee will appoint a "Handler Statistical Special Subcom-

mittee" to enable the committee to obtain information on marketing po-

licy matters. This special subcommittee will be composed of handlers

(buyers) and will gather data, facts and information related to present

and future market requirements for spearmint oil.

The committee will be authorized to establish or provide for the

establishment of production research, marketing, and research and de-

velopment projects to assist, improve, or promote the marketing dis-

tribution of spearmint oil.

The marketing order will require each person who first handles

(buyers) spearmint oil to pay to the committee upon demand the handler's

pro rata share of the expenses accrued by the committee. The pro rata
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share is the fixed rate of assessment to cover committee expense times

the number of pounds of salable oil handled.

Since there is a pressing need for volume control, the salable

quantity of spearmint oil will be prorated among producers by applying

an allotment percentage to each producer's allotment base. The allot-

ment base is established for each producer based on the producer's

historical marketing record. Since the handler is the one who is

putting spearmint oil in channels of conmierce, the responsibility for

and burden of compliance will be with the handlers. The committee will

establish a marketing policy for a given marketing year and adjust

producers' allotments accordingly to meet the objectives of the es-

tablished marketing order.

From the above discussion, what conditions must be met for a mar-

keting order to be successful, whether it pertains to spearmint or

peppermint?.Y

1) Production of peppermint or spearmint must be such that
it can be brought under effective control by defining
the production area and identifying individual produ-
cers in the production area.

2) An agency or committee must be set up to direct the
orderly marketing of spearmint or peppermint in such
a way as to prevent outsiders from gaining control
through purchase and storage.

3) Once an influential share of the annual production is
under control of the market order, a necessary condition
for increases in producers' net return is a price in-
elastic market demand curve for spearmint or peppermint

oil. But this condition is not sufficient to guarantee
increased net returns in the long run.

Kohls, R.C. and W. David Downey, Marketing of Agricultural Pro-
ducts, 4th edition, 1967, p. 242; and Tomek, G.W. and K.L. Robin-
son, Agricultural Product Prices, 2nd edition, 1975, p. 225.
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4) A sufficient condition in addition to an inelastic

market demand is the maintenance of consumers' tastes

and preferences to insure the long-run nature of the

inelastic market demand.

5) Creation and maintenance of a pool or inventory of

spearmint or peppermint oil to insure an adequate and

reliable supply of oil. Adjustments in the levels of

oil maintained would depend on prevailing supply and

demand conditions.

Quite possibly there exists some problem in achieving the afore-

mentioned success criteria.

First, implementing order may incur large costs which must be ab-

sorbed by the handlers and producers.

Secondly, the efficient management of the implementation and opera-

tion of the market order must have the strong support of many inter-

ested parties. Any breakdown in user, buyer, or producer support

could spell the demise of the marketing order.

Thirdly, an emerging issue faced by both the spearmint and pepper-

mint industry is the development of synthetically produced oil. Don

Roberts, a U.S.D.A. research geneticist at Oregon State University, re-

ports that currently synthetic oil, very similar in chemical properties

to Midwestern and Pacific Northwest peppermint and spearmint oil, is

being offered at a competitive price for domestic consumption.J

Fourthly, Patty (1969) states that European imports of peppermint

and spearmint oil are price sensitive.' Importers will not hesitate

to substitute other flavoring agents if the perceived price of spear-

mint or peppermint oil is at a high level. But from the empirical

Personal interview, January 25, 1980.
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results in this study, total foreign demand appears insensitive to

price changes; consequently, this may not represent a limiting factor

for the success of a marketing order in the peppermint industry.

Increasing producers' net returns through the use of a supply

restricting marketing order would be dealt a severe blow if pepper-

mint and spearmint oil were freely substituted for by other products.

This would result in a more elastic demand curve and, consequently, a

reduction in producer's net returns.

Therefore, to offset the shift to peppermint and spearmint sub-

stitutes, the tastes and preferences of the consumer must be main-

tained through promotional campaigns or like ventures which would sup-

port the perceived benefits of a reliable supply of peppermint or

spearmint oil with consitently high quality standards. Generally, the

peppermint and spearmint industry would have to develop marketing re-

search and development projects to assist, improve, or promote the

marketing distribution and consumption of spearmint or peppermint oil.

The spearmint marketing order as established could achieve such en-

deavors.

Other measures derived from a marketing order would be increased

access to economic information and the establishment of production re-

search. But, all these measures are costly and would require effi-

cient organization and management. Another cost to producers and

buyers would be the loss of flexibility in production and purchasing

decisions.
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In summary, many factors will contribute to the success or failure

of a marketing order. The spearmint industry determined that such a

measure could provide a solution to their chronic price variation

problems. The peppermint industry may be faced with the same de-

cision in the near future.
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APPENDIX A.

TABLE 1. Figures 12, 13, and 14 Breakeven Price Changes

Figure 12. Willamette Valley

-30% -20% -10% 0 +10% +20% +30%

Fertilizer 14.95 15.20 15.45 15.75 16.00 16.25 16.50

Hired Labor 15.30 15.45 15.60 15.75 15.85 16.00 16.15

Interest 15.49 15.57 15.65 15.75 15.81 15.89 15.97

Stand Life 17.48* 16.30 15.75 15.34 15.00*

Yield 21.88 19.32 17.32 15.75 14.10 12.88 11.33

Harvest 14.84 15.14 15.45 15.75 16.00 16.31 16.61

Figure 13. Jefferson County

-30% -20% -10% 0 +10% +20% +30%

Fertilizer 12.50 12.71 12.92 13.15 13.35 13.55 13.75

Hired Labor 12.92 12.99 13.06 13.15 13.19 13.26 13.33

Interest 12.94 13.00 13.06 13.15 13.19 13.25 13.31

Stand Life 14.10* 13.49 13.15 12.88 12.71*

Yield 17.09 15.10 13.66 13.15 11.29 10.44 9.73

Harvest 12.15 12.48 12.80 13.15 13.45 13.86 14.10

Figure 14. Maiheur County

-30% -20% -10% 0 +10% +20% +30%

Fertilizer 11.20 11.40 11.60 11.80 12.01 12.21 12.42

Hired Labor 11.64 11.70 11.75 11.80 11.85 11.91 11.96

Interest 11.64 11.70 11.75 11.80 11.85 11.91 11.96

Stand Life 12.71* 12.14 11.80 11.58 11.42*

Yield 16.35 14.46 12.98 11.80 10.84 10.04 9.36

Harvest 11.06 11.36 11.66 11.80 12.26 12.56 12.91

* + 40 percent change in stand life.
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APPENDIX B

TABLE B-i. Peppermint Yield/Acre by Region

Year Idaho Indiana Michigan Oregon Washington Wisconsin U.S.

1946 -- 25 19 44 49 -- 29
1947 - - 31 20 50 47 -- 34
1948 -- 35 22 39 55 -- 36
1949 -- 33 21 42 50 -- 35
1950 -- 26 22 45 60 -- 35
1951 -- 32 20 37 65 -- 36
1952 -- 30 23 51 71 35 42
1953 -- 34 21 43 61 37 38
1954 -- 32 20 43 67 28 40
1955 -- 30 20 39 65 40 44
1956 -- 37 22 46 71 36 50
1957 -- 32 21 58 60 41 48
1958 -- 26 19 64 94 37 60
1959 -- 37 23 66 73 42 58
1960 -- 35 25 68 75 40 57
1961 -- 36 27 53 79 42 62
1962 -- 38 32 58 68 43 57
1963 -- 36 28 59 67 39 54
1964 -- 33 30 56 72 37 54
1965 -- 39 34 61 56 31 59
1966 54 37 30 53 73 43 57
1967 59 36 31 72 87 45 70
1968 51 35 32 59 63 43 56
1969 65 36 34 62 66 45 59
1970 68 38 37 59 74 54 64
1971 58 40 27 63 70 40 58
1972 55 33 30 57 60 25 53
1973 56 32 -- 60 55 31 54
1974 62 30 -- 56 66 46 54
1975 49 40 -- 56 82 37 55
1976 51 35 -- 55 58 39 51
1977 45 27 -- 55 62 33 51
1978 65 45 -- 58 67 34 57
1979 59 36 - - 58 60 35 54

Source: Agricultural Prices Crop Reporting Board, ESCS, USDA.
1946- 1979.
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TABLE B-2. U.S. Peppermint Acreage by Region

Wi s -

Year Idaho Indiana Michigan Oregon Washington consin U.S.

1946 - 18,000 14,000 9,000 4,400 - 45,800
1947 - 18,500 13,500 11,000 4,700 - 47,700
1948 - 14,800 10,000 12,600 5,200 - 44,400
1949 - 15,700 9,500 14,500 5,300 - 45,400
1950 - 15,400 10,000 14,600 5,100 - 45,100
1951 - 12,500 10,000 14,600 6,800 - 43,900
1952 - 9,100 9,000 15,000 7,500 2,000 42,600
1953 - 7,000 7,400 14,000 7,000 2,000 37,400
1954 - 7,800 6,400 12,000 7,300 2,500 36,000
1955 - 9,600 6,400 13,000 9,800 3,200 42,000
1956 - 12,500 6,000 14,000 11,000 2,800 46,000
1957 - 13,000 5,800 14,500 12,000 3,400 48,000
1958 - 7,100 4,000 14,600 12,300 4,200 42,200
1959 - 4,900 3,300 14,900 13,400 4,400 40,900
1960 - 4,600 2,000 14,300 13,800 4,300 39,000
1961 - 5,200 1,900 15,300 16,000 4,500 42,900
1962 - 4,800 1,700 16,500 13,700 4,300 41,000
1963 - 4,500 1,800 16,800 14,700 4,000 41,800
1964 - 5,500 2,300 16,500 15,800 4,300 44,400
1965 - 5,800 1,500 17,300 16,500 4,000 42,100
1966 2,500 7,200 2,000 22,000 20,200 4,200 58,100
1967 3,500 6,500 1,900 24,500 22,000 4,800 63,200
1968 5,100 6,300 1,900 31,000 23,200 6,300 73,800
1969 5,700 6,500 1,700 36,000 21,000 6,900 77,800
1970 6,000 8,300 1,300 38,000 15,800 8,200 77,600
1971 5,100 6,800 1,100 33,508 10,300 7,900 64,700
1972 4,600 6,300 700 34,500 8,000 3,000 57,000
1973 4,500 5,800 - 36,500 7,500 3,600 57,900
1974 4,600 6,400 - 35,500 8,500 6,000 61,000
1975 5,800 7,000 - 40,000 8,500 6,800 68,100
1976 5,400 6,800 - 42,000 9,200 8,800 72,200
1977 7,900 8,000 - 51,000 12,800 7,200 85,300
1978 10,500 7,700 - 57,000 16,800 8,200 100,000
1979 8,500 8,400 - 55,000 14,000 9,000 94,500

Source: Agricultural Prices, Crop Reporting Board, ESCS, USDA, 1946-
1979.
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TABLE B-3. Total Oil Production by Region (1,000's #)

Wis-

Year Idaho Indiana Michigan Oregon Washington consin U.S.

1946 - 450 266 396 216 - 1334

1947 - 574 270 550 221 - 1615

1948 - 518 220 567 286 - 1591

1949 - 518 200 609 265 - 1592

1950 - 400 220 657 306 - 1583

1951 - 400 200 555 442 - 1597

1952 - 273 207 720 532 70 1788

1953 - 238 155 518 427 74 1426

1954 - 250 128 504 489 70 1441

1955 - 288 128 650 637 128 1831

1956 - 462 132 847 784 101 2326

1957 - 416 128 936 725 139 2344

1958 - 185 76 978 1156 155 2550

1959 - 181 76 968 978 185 2388

1960 - 161 50 815 1035 172 2233

1961 - 187 51 964 1264 189 2655

1962 - 182 51 990 932 185 2340

1963 - 162 50 924 985 156 2277

1964 - 182 69 1049 1138 159 2405

1965 - 226 51 951 924 123 2472

1966 135 266 60 1166 1475 181 3283

1967 206 234 59 1764 1914 216 4393

1968 260 220 61 1829 1462 271 4103

1969 371 234 58 2232 1394 313 4602

1970 408 315 48 2584 1169 443 4967

1971 296 272 30 2111 721 316 3746

1972 253 208 21 1967 480 75 3004

1973 252 186 - 2190 402 143 3173

1974 285 192 - 1988 561 276 3302

1975 284 280 - 2240 697 252 3753

1976 275 238 - 2310 534 343 3700

1977 356 216 - 2865 794 238 4409

1978 670 347 - 3306 1126 279 5728

1979 502 302 - 3190 840 315 4872

Source: Agricultural Prices, Crop Reporting Board, ESCS, USDA, 1946-

1979.
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TABLE B-4. Oregon: Regional Production Data, 1946-1979.

Willamette 'a11ey Central Oregon Eastern Oregon
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1957 13,200 50 4.35 1,400 50 4.36 200 SO 4.30

1958 12,350 68 4.35 2,000 60 4.35 250 64 4.38

1959 11,840 63.6 3.42 2,800 52.5 3.40 960 65.6 3.40

1960 10,200 54.0 5.06 3,100 65.0 5.00 1,000 63.0 5.00

1961 11,150 55.1 5.50 4,000 68.8 5.50 1,150 65.2 5.50

1962 10,100 59.4 5.47 5,000 61.0 5.47 1,400 60.7 4.64

1963 9,910 47.3 5.50 5,400 66.7 5.54 1,490 63.8 4.44

1964 9,640 54.4 5.45 5,700 57.0 4.75 1,160 64.6 4.13

1965 10,100 51.1 5.73 5,800 62.1 5.25 1,100 59.1 5.05

1966 13,100 52.6 5.98 7,500 54.0 5.40 1,400 51.4 4.70

1967 14,350 68.2 6.06 8,800 79.8 5.50 1,350 61.5 5.22

1968 16,460 60.7 4.95 12,840 57.6 5.16 1,700 53.5 4.82

1969 17,810 64.5 5.82 16,270 59.5 4.59 1,920 60.4 4.53

1970 18,270 76.1 3.50 18,060 59.1 3.38 1,670 75.4 3.50

1971 15,875 66.5 3.87 16,075 59.7 3.77 1,550 61.3 3.84

1972 16,400 61.4 5.18 16,320 52.8 5.23 1,780 55.1 5.09

1973 17,200 61.9 7.20 17,350 58.9 7.83 1,950 52.8 7.29

1974 16,900 54.3 15.18 16,600 57.8 14.1S 2,000 56.0 11.96

1975 18,400 57.2 13.41 19,400 54.8 13.63 2,200 56.4 13.19

1976 20,350 57.4 15.33 19,550 52.2 14.74 2,100 57.1 13.95

1977 22,630 37.6 14.55 25,570 53.5 14.09 2,800 48.2 13.99

1978 24,740 56.2 11.78 29,560 58.9 1O.4S 2,700 64.4 10.22

Source: Office of Economic Information, Oregon State Extension Service, Oregon State

University.
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TABLE B-S. Peppermint: Price per Number by Region ($/pound)

Year Idaho Indiana Michigan Oregon Washington
Wis-
consin U.S.

1946 6,45 6.40 6.45 6.00 - 6.36

1947 - 7.00 6.85 6.00 6.75 - 6.94

1948 - 5.14 5.34 6.40 5.85 - 6.20

1949 - 4.49 3.95 4.70 4.40 - 4.74

1950 - 5.25 5.65 5.35 5.05 - 5.31

1951 - 7.00 6.95 6.60 5.95 - 6.52

1952 - 6.90 6.95 5.90 4.00 6.80 5.75

1953 - 5.50 5.60 4.00 3.20 6.00 4.37

1954 - 6.20 6.00 5.30 6.00 6.00 5.32

1955 - 6.90 6.70 4.65 4.90 6.80 5.83

1956 - 6.20 6.00 5.65 4.05 6.20 5.23

1957 - 5.40 5.20 4.35 3.25 5.20 4.18

1958 - 5.00 4.90 4.35 3.35 5.00 4.02

1959 - 5.80 5.60 3.40 2.65 5.70 3.49

1960 - 5.90 5.60 5.00 3.80 5.90 4.58

1961 - 6.50 6.40 5.30 3.05 6.50 4.50

1962 - 6.20 6.10 5.40 4.15 6.20 4.76

1963 - 6.20 6.30 5.20 3.80 6.20 4.76

1964 - 7.00 7.00 5.10 3.45 7.00 4.64

1965 - 10.00 10.00 5.40 4.40 10.20 5.46

1966 5.00 8.00 8.00 5.34 4.65 8.00 5.56

1967 5.20 8.20 8.30 5.70 4.65 8.20 5.55

1968 4.90 7.80 7.70 5.00 4.40 7.70 5.17

1969 4.50 6.60 6.60 4.75 4.10 6.70 4.83

1970 3.15 4.50 4.25 3.45 3.80 4.50 3.68

1971 3.80 4.50 4.20 3.80 3.67 4.30 4.10

1972 5.00 5.55 6.00 5.20 5.40 5.33 5.25

1973 6.40 8.75 - 7.50 9.80 10.00 7.89

1974 11.50 12.50 - 9.80 13.80 12.50 13.80

1975 11.75 13.00 - 13.50 10.05 11.50 12.60

1976 14.00 14.10 - 15.00 14.10 15.50 14.80

1977 13.50 16.40 - 14.30 13.60 16.60 14.80

1978 7.20 14.00 - 11.00 9.90 13.50 10.60

1979 8.65 14.00 - 9.50 9.20 13.80 9.90

Source: Agricultural Prices, Crop Reporting Board, ESCS, USDA, 1946-

1979.
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TABLE B-6. Export Data (Thousands)

Year
Total
Exports

Dollar
Price

United
Kingdom France

West
Germany Japan Others

1946 370.1 7.40 79.3 49.0 - - 241.8

1947 446.7 7.91 176.1 26.1 - - 244.5

1948 229.3 7.56 28.5 18.5 1.2 - 181.1

1949 600.1 6.20 69.8 95.5 67.2 - 367.6

1950 503.6 6.07 134.5 105.7 16.4 - 247.0

1951 399.0 7.02 6.4 92.2 38.2 - 262.2

1952 282.0 7.24 6.4 40.6 19.0 0.3 215.7

1953 492.3 5.65 15.4 113.7 31.1 4.2 327.9

1954 663.8 5.99 201.2 108.2 42.8 22.3 289.3

1955 570.1 6.81 188.7 97.9 50.7 0.1 232.7

1956 756.9 5.85 274.0 122.4 55.1 0.7 304.7

1957 827.6 5.20 250.7 154.0 58.7 2.8 361.4

1958 782.2 4.60 255.6 135.8 64.3 7.0 319.5

1959 932.4 4.30 293.0 187.8 87.5 17.6 346.5

1960 1,003.8 4.62 326.5 199.7 86.2 26.5 364.9

1961 1,001.5 4.83 310.0 146.5 105.1 87.4 352.5

1962 1,185.6 4.81 323.0 176.3 141.2 67.9 477.2

1963 1,046.3 5.36 295.6 114.2 124.2 99.6 412.7

1964 1,350.4 5.29 366.5 207.4 167.9 148.0 460.6

1965 1,474.6 5.37 377.8 217.2 192.4 178.2 509.0

1966 1,384.0 5.91 294.7 165.2 122.6 251.6 549.9

1967 1,505.5 6.22 340.1 203.6 87.5 332.4 541.9

1968 1,878.4 5.88 435.7 278.5 106.9 397.5 656.8

1969 1,655.0 5.89 384.3 231.0 96.8 358.6 584.3

1970 1,951.1 5.31 417.4 296.3 88.8 458.9 689.7

1971 2,540.0 4.79 598.2 390.4 225.9 566.6 758.9

1972 2,226.6 5.14 458.2 420.8 147.7 461.6 738.3

1973 2,408.6 6.56 539.1 294.8 129.3 648.3 797.1

1974 2,197,2 8.71 462.3 282.0 86.3 451.1 915.5

1975 1,602.7 12.79. 413.4 167.8 63.1 318.2 638.2

1976 1,980,1 14.19 433.8 279.6 133.8 300.0 832.9

1977 2,023.0 15.35 447.3 222.3 137.0 354.3 862.1

1978 2,507.0 13.21 625.0 209.9 128.2 598.3 945.6

1979 2,417.3 11.40 523.5 224.4 169.7 441.8 1,057.6

Source: United States Exports of Domestic and Foreign Merchandise, Ft-410, (FAS),
1946-1979.
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TABLE B-7A. Miscellaneous Data (Thousands)

Apparent Pet :apit
iS. U.S. U.S. Deflated Deflated CNP Prime Peonal
Total Quantity Quantity Fare Foreign Deflator Population Interest lomm

Year Production Exported Demanded Price Price (S 1979) (millions) (Rate ) (IrS 9)

1946 1,334 370.1 963.9 24.28 27.86 26.56 141.4 2.349

1947 1.615 446.7 1,168.3 19.98 26.34 30.03 144.2 2.209

1948 1,591 229.3 1,361.7 19.94 23.55 32.10 146.6 2,296

1949 1,592 600.1 991.9 14.79 19.51 31.78 149.2 2.00 2,250

2930 1,583 503.6 1,079.4 16.51 18.73 32.41 151.7 2.07 2.355

1951 1,597 399.0 1,198.0 10.08 20.29 34.60 154.3 2.56 2,427

1932 1,788 282.0 1,506.0 16.83 20.66 35.05 157.0 3.00 3,430

1953 1.426 492.3 933.7 11.41 10.88 35.58 160.9 3.17 2,488

1954 1,441 663.8 777.2 14.69 16.61 36.07 168.9 3.05 2,479

1955 1,831 570.1 1,260.9 12.62 18.48 36.85 135.1 3.16 2,574

1956 2.326 756.9 1,569.1 14.86 15.39 35.01 168.3 3.77 2.642

19S7 2,344 827.6 1,516.4 11.07 13.23 39.29 171.3 4.20 2,647

1958 2,550 782.2 1,767.8 10.90 11.52 39.92 174.1 5.83 .638

1959 2,388 932.4 1,455.6 8.33 10.54 40.80 177.1 4.48 2,682

1960 2,233 1,003.8 1,229.2 11.94 11.14 41.49 180.7 4.82 2,696

1961 2.655 1,001.5 1,653.5 13.26 11.54 41.86 183.7 4.50 ,723

1962 2.340 1,188.6 1,154.4 12.75 11.28 42.63 186.5 4.50 2,795

1963 2,277 1,046.3 1,230.7 12.02 12.39 43.26 289.3 4.50 2.845

1964 2,405 1,350.4 1,054.6 11.61 12.04 43.93 200.6 4.50 3.00S

1965 2,472 1,474.6 997.4 12.02 11.96 44.91 194.3 4.54 3,152

1966 3,283 1,384.0 1,899.0 11.51 12.69 46.38 219.6 5.63 3.273

1967 4,393 1,505.5 2,887.5 11.94 13.03 47.75 198.7 5.61 3,372

1968 4,103 1,878.4 2,224.6 10.23 11.79 49.89 200.7 6.30 3.467

1969 4,602 1,655.0 2,947.0 8.98 11.24 52.40 202.6 7.96 3,317

1970 4,967 1,951.1 3,015.9 6.27 9.62 55.20 204.9 7.91 2,620

1971 3,746 2,540.0 1,206.0 6.55 8.26 58.02 207.0 5.71 3,715

1972 3,004 2,226.6 777.4 8.61 8.51 60.42 208.8 5.25 3.S37

1973 3,173 2,408.6 764.4 11.73 10.26 63.93 210.4 8.03 4,058

1974 3,302 2,197.2 1,104,8 13.98 12.43 70.10 211.8 10.81 3.972

1975 3,753 1,682.7 2,150.3 17.52 16.65 76.83 214.4 7.86 4.027

1976 3,700 1,980.1 1,719.9 18.57 17.56 80.79 215.2 6.84 4,144

1977 4,409 2,023.0 2,386 16.70 17.93 85.62 216.9 6.83 4.288

1978 5,728 2,507.0 3,221 11.97 14.38 91.87 218.6 5.06 4,446

1979 4,872 2,417.3 2,454.7 9.50 11.40 100.0 220.5 12.67 4,509

Sources: Agricultural Prices, Crop Reporting Board, ESCS, USDA; United States Exports

of Domestic and Foreign Merchandise, Ft-410 (FAS); Economic Report of the

President, 1946-1979.
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TABLE B-7B. Miscellaneous Data

Year

Prices paid by
Farmers Index
including

family living
Stock
change

Absolute
stock
level

Quantity
demanded

Deflated
foreign
price

1946 -.39 3,500 1,003 27.86
1947 70 106 3,461 1,039 26.34
1948 76 287 3,567 1,075 23.55
1949 73 -119 3,854 1,111 19.51
1950 75 -69 3,785 1,148 18.73
1951 82 50 3,835 1,184 20.29
1952 84 285 3,885 1,221 20.66
1953 81 -323 4,170 1,257 15.88
1954 81 -515 3,847 1,293 16.61
1955 81 -68 3,332 1,329 18.48
1956 81 203 3,264 1,366 15.39
1957 84 114 3,467 1,402 13.23
1958 86 330 3,581 1,438 11.52
1959 87 -18 3,911 1,474 10.54
1960 88 -282 3,893 1,511 11.14
1961 88 106 3,611 1,547 11.54
1962 90 -429 3,717 1,503 11.28
1963 91 -389 3,288 1,620 12.39
1964 92 -601 2,899 1,656 12.04
1965 94 -695 2,298 1,692 11.96
1966 94 171 1,603 1,728 12.69
1967 100 1,122 1,774 1,765 13.03
1968 103 424 2,896 1,801 11.79
1969 108 1,110 3,320 1,837 11.24
1970 112 1,143 4,430 1,873 9.62
1971 118 -704 5,573 1,910 8.26
1972 125 -1,169 4,869 1,946 8.51
1973 144 -1,218 3,700 1,982 10.26
1974 164 -913 2,482 2,018 12.43
1975 180 95 1,569 2,055 16.65
1976 192 -371 1,664 2,091 17.56
1977 202 259 1,293 2,127 17.93
1978 219 1,057 1,552 2,164 14.38
1979 249 258 2,609 2,200 11.40




