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During the summer of 1967 a fertilizer survey was conducted

to determine the nutrient status of peppermint fields, the nutrient

concentration of plant tissue and the oil content of peppermint in

Oregon. Plant and soil samples and the field's fertilizer history

were collected from cooperators in Oregon's peppermint growing

areas in June. Oil samples and plant samples were collected in

August and September.

Results of the survey indicated the following:

(1) Micronutrient levels of the plant tissue were relatively

high and the highest Mn concentrations were associated with lower

oil concentrations.

(2) The highest levels of total nitrogen in the leaf analyses

were associated with lower oil concentrations. The higher N levels

appeared to be related to fields with rank stemmy growth.



(3) All P levels were quite high and there were no apparent

associations between P concentration and oil concentration.

(4) There was an antagonistic relationship between K and Na

concentration within the plant and the higher oil concentrations were

associated with moderate levels of both K and Na in the plant.

(5) The majority of the oil is located within the top 15 inches

of the plant.

The results indicated major emphasis of field experiments

should be placed on time and rate of N application and the Na-K

relationship. Since P is a major fertilizer expenditure for many

growers, P should be included in the over-all nutrient evaluation.

Five experiments were established in the spring of 1968 to

evaluate the effects of N, P, K and Na fertilizers on the oil content

and nutrient concentration of peppermint in western Oregon.. Nitrogen

experiments were located south of Junction City (Harper) and west

of Grants Pass (N-Fry) while P, K and Na experiments were located

west of Jefferson (Staub le), north of Corvallis (Belnap) and west of

Grants Pass (K-Fry).

The N experiments were randomized blocks with four replica-

tions. Seven rates of N were used in combination with five applica-

tion dates. The P, K and Na experiments were randomized blocks

with three replications. Four rates of K were applied with and

without Na. Phosphorus was applied to all but two treatments.



Plant samples were collected June 25-27 at all locations and

plant and oil samples were collected at harvest. The plant sample

consisted of the main stem from the latest matured leaves at the top

of the plant down the stem six inches. The Staub le location was

sampled every two weeks during the growing season and both the

stems and the mature leaves on the sampled stem portion were col-

lected. P, K, Na, Mn, Ca and Mg were determined on the June

samples while NO3-N and Cl were determined on the harvest sam-

ples and NO3-N on the June samples of the N experiments.

Oil samples of about five pounds of green plant material were

taken from the center of each plot. The sample was placed on a

wire screen and dried either in the field or the greenhouse.

After the samples had dried for two to three days, they were

placed in a cotton bag and were ready for distillation. A portable

still designed after commercial stills was used to remove the oil

from the hay.

Increasing rates of N increased the NO3-N concentration of

peppermint stems and the oil content of the plants. Delayed appli-

cation of N did not affect the NO3- N concentration of the plants at a

given rate of N at harvest. However, delayed application did in-

crease the percent oil and total oil yield. The July 1 application

date had a significantly higher percent oil and total oil yield than

the June 1 date. Yield of hay increased significantly to about the



250 pound rate and subsequently decreased with higher N application.

Delayed N application decreased the hay yield.

Phosphorus fertilization did not increase the P concentration

at any of the locations nor did it have any effect on the oil content.

P concentration ranged from .31 - .49 percent in the stem sample

taken June 25-27.

Potassium fertilization increased the K concentration of

peppermint with the greatest increase occurring where the soil had

a low K soil test. However, K fertilization did not affect the oil

content. K concentration of the June stem sample varied from 2.5

to 6. 1 percent..

Application of Na increased the Na concentration at all loca-

tions where Na was applied. Sodium fertilization significantly in-

creased the percent oil at the Staub le location and increased the

percent oil at the K- Fay location. Hay yield was not affected by

Na.

There was a considerable amount of variation in the oil and

NO 3-N
analysis for all experiments. The coefficient of variation

for NO 3-N
analysis was 37.9 and 38.7 percent for N-Fry and

Harper respectively and 89 percent for Stauble. The coefficient

of variation for percent oil was 14.0, 20. 6, 21.7 and 14.3 per-

cent for N-Fry, Harper, Stauble and K-Fry respectively.



Since there was a large variability in the oil data, an experi-

ment was designed to evaluate the effectiveness of the method of

handling the oil samples. Four samples, similar in size, were

taken from peppermint variety trials that were established on uni-

form, first year row mint. Drying and distillation were the same

as described for the other oil samples. There were no significant

differences among the distillation units and the coefficient of varia-

tion was 7.1 percent.. It was concluded that reproducible results

could be obtained for oil analysis when uniform plant material was

used.
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THE EFFECT OF FERTILIZER TREATMENTS ON OIL
CONTENT AND NUTRIENT CONCENTRATION OF

PEPPERMINT IN WESTERN OREGON

INTRODUCTION

Peppermint (Mentha piperita, var Mitcham) has been grown in

the United States since 1812 when stolons were introduced into

Massachusetts by early settlers from England (Nelson, 1950). In

1835 the industry extended into the midwest where it gained in im-

portance until it reached its peak in 1930 after which time the acre-

age in the midwest declined (Liebel, 1950).

Peppermint was first introduced in Oregon in 1908 and has

steadily gained in importance with the largest acreage gains in the

1940's and the 1960's. Acreage in 1939 was 2200 acres while the

1960 acreage was 15, 900 acres. The acreage increased to 24, 500

acres in 1967 and to 31,000 acres in 1968. The value of Oregon's

production in 1968 accounts for 44 percent of the total value of the

U. S. peppermint production (U. S. D. A. Statistical Reporting Service).

Diseases of peppermint have been the dominant reason for the

shift in peppermint production in the U. S. Verticillium wilt and

peppermint rust are the main diseases affecting the production of

mint. As areas became infested with these diseases, mint produc-

tion was forced to move to new areas.

Management practices have been developed in Oregon that have

helped the growers control the spread of these diseases. New
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methods of weed control as well as disease control have helped to

insure that peppermint can be grown productively in the presence of

these cultural problems.

With the advent of disease and weed control practices, growers

are turning to the area of increasing fertilizer efficiency to help in-

crease the over-all production efficiency.

Early demonstrations and preliminary trials have established

that nitrogen was one of the major nutrients affecting the production

of this crop in Oregon. Sulfur deficiencies have also been identified.

Applications of phosphorus and potassium have been standard prac-

tices for many of the peppermint growers but there has been little

information to indicate definite responses from the application of

these nutrients. In most cases, growers have applied a maintenance

application of these nutrients to insure that they would not be limiting

the yield of their crop.

1967 Peppermint Survey

During the summer of 1967, a fertilizer survey of the nutrient

status and fertilizer use on peppermint fields in Oregon was con-

ducted. Fields from all locations of Oregon's peppermint growing

regions were sampled to determine the range of nutrient contents

of the soils that were being used to grow peppermint. Plant samples

were taken in June for chemical analysis and again at harvest for oil
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and chemical analysis. The sample for chemical analysis consisted

of the top eight inches of the stem with the bloom and immature

leaves at the growing point removed. Leaves and stems were col-

lected as separate samples and analyzed separately. The August

sample consisted of only the stem. The oil sample consisted of about

five pounds of green hay which was subsequently divided into two

samples. The top 15 inches of the plants w a s separated from the

lower portion of the plant and oil content for each sample was deter-

mined independently. Each sample was placed in a plastic bag,

frozen and stored, and then dried before distilling, so that all of the

samples could be treated comparably.

On the basis of the survey it was noted that the micronutrients

were either at relatively high levels or they did not have any effect

on the oil content. The nutrients that appeared to need the most con-

centration were N, P and K. It appeared that Na might be affecting

the oil content in some areas and this needed to be evaluated. Al-

most all of the oil was stored in the top part of the plant with very

little oil in the stems. A summary of the data is shown in Table 1.

Management practices and fertilizer application were noted

for each of the growers who participated in the survey. There was

a wide range in fertilizer management programs being used by the

growers. Many of the growers applied N, P and K, while some

applied N and P and a few applied only N. Rates of N varied from
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Table 1. Summary from Mint Survey - 1967. The average chemical
analyses for each nutrient for (1) all samples, (2) the ten
highest, and (3) the ten lowest; and the oil content associ-
ated with the ten high and ten low samples for each nutrient.

Chemical analyses2
Oil content- -
plant tops 1

Nutrient
Plant
part

Avg.
all

samples
%

Avg.
10

highest
%

Avg.
10

lowest
%

Avg.
10

highest
m1/100g

Avg.
10

lowest
m1/100g

Nitrogen leaf 3.24 3.9 2.2 0.81 1.51

Phosphorus leaf .54 . 72 . 42 1.23 1.15
stem .62 .79 .44 1.22 1.15

Potassium leaf 2.45 3.4 1.3 1.04 1.17
stem 6.02 7.6 3.9 .99 1.21

Sodium stem 2.32 7.3 .04 1.00 .89

Calcium leaf 1.38 1.7 1.1 1.25 1.09
stem 1.27 1.6 .93 1.22 1.09

Magnesium leaf .62 .84 .46 1.32 1.23
stem .51 .66 .29 1.29 1.23

ppm ppm ppm
Zinc leaf 45 59 31 1.19 .93

stem 30 40 21 1.10 1.10

Manganese leaf 120 180 50 .95 1.45
stem 110 190 50 .92 1.29

Copper leaf 15 19 11 1.19 1.12
stem 19 25 13 1.19 1.17

Average oil content: 1.19 ml /100 grams from the top
15 inches of plants.

Average oil content: .86 m1/100 grams from whole plant
samples.

1 The oil content is the average for plant tops for the 10 high and 10

low for each nutrient listed.
2A11 chemical analyses values are for the June (1st sample), except
that nitrogen and oil content are from the last sample.
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150-400 pounds of N per acre. High rates of P are also used as the

fertilizer 16-20-0 is popular among peppermint growers.

The data from the survey helped to locate fields where mean-

ingful experiments could be established.

The objectives of this study were: (1) to evaluate the effect of

time and rate of N application on the yield and oil content of pepper-

mint; (2) to identify conditions under which response from applica-

tion of P, K and Na fertilizers might be expected; (3) to evaluate

the effect of fertilizer treatments on the changes in nutrient concen-

tration of peppermint plants; and (4) to evaluate possible relation-

ships between nutrient concentration of plants and production of oil.
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LITERATURE REVIEW

Management of Peppermint in Oregon

Peppermint is a biennial plant that perennially reproduces itself

vegetatively by sending out runners from the main rootstock early in

the growing season, which is about mid-June for Oregon's crop

(Horner, 1968). 1

Stolons are planted in rows the first year (row mint) whereas

the second year the runners have spread the plants into the middle of

the rows to produce a solid stand (meadow mint). In western Oregon

peppermint is irrigated principally by sprinkler irrigation while both

furrow and sprinkler irrigation are used east of the Cascade Range.

P and K fertilizers are added in early spring or in the fall while the

majority of the N fertilizer is broadcast in the spring and applied

through the sprinkler irrigation water during the summer growing

period.

Since 99 percent of the oil is stored in glands on the upper and

lower sides of the leaves, the growers are interested in producing

and keeping the leaves on the plant until harvest time (Bullis, et al.,

1948). If adequate N fertilizer is applied, the plant will send out

1 Personal communication, Oregon State University, Corvallis.
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extra shoots from the main stem producing a leafier growth. As the

plant approaches maturity, the lower leaves will begin to drop off

and are lost. Cutting the mint is recommended at the 50 percent

bloom stage to minimize leaf loss and to take advantage of the highest

oil content in the plant which occurs between pre-bloom and full

bloom (Bullis, et al., 1948). The cut hay is dried in the field for

two to three days, picked up by a chopper which blows it into a tub

or receiver, and is taken to a distillation unit which separates the

oil from the hay via steam distillation and separation of the oil on a

layer of water.

Management practices to control diseases include fall flaming

of the field to eliminate plant residues remaining after harvest to

control Verticillium wilt and also spring flaming for rust control.

Plowing and cultivation have almost been eliminated in western

Oregon since cultivation implements will spread soil-borne Verticil-

lium wilt (Oregon Plant Disease Control Handbook, 1968),

Weed control is accomplished by a new herbicide, Terbacil

(Sinbar), which has proven to be very successful for weed control

in peppermint. Terbacil is applied mainly in the spring with some

fall application (Oregon Weed Control Handbook, 1968).
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Effect of Climate and Stage of Maturity
on Yield and Quality of Oil

Peppermint produces the highest quality and quantity of oil

under climatic conditions of long hot days and cool nights. Cool

nights cause reducing conditions in the plant which favor the pro-

duction of menthone, menthol and menthol esters which produce a

high quality oil; whereas, the warm nights cause oxidizing condi-

tions and the production of pulegone and methofuran which lower the

oil quality (Burbott and Loomis, 1967). Long day lengths increase

the quantity of oil produced by the plant (Langston and Leopold,

1954).

Stage of maturity at harvest also affects the quality of oil.

Terpene synthesis occurs primarily in the young tissue. Mentho-

furan and pulegone are present mainly in the young tissue and the

terminal bud. As the plant matures, these compounds are con-

verted to menthone, menthol and methyl acetate (Battaile and Loomis,

1961). Since nitrogen delays the maturity of plants, high rates of N

might decrease the quality of the oil when stage of maturity could be

confounded with harvest time.

Quantity of oil is also affected by maturity. Oil content in

greenhouse experiments increased in the plant through the pre-blown

stage followed by a gradual reduction as the plant matured (Burbott

and Loomis, 1967). In western Oregon field experiments, Bullis
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et al.(1948) found that the oil content increased to the 50 percent

bloom stage after which time a gradual reduction in oil took place.

Effect of Nitrogen Fertilizer on Yield and Quality of Oil

The application of nitrogen fertilizer significantly increases

the green matter yield of peppermint as well as the total oil yield

(Baird, 1957; Dutta and Chatterjee, 1961; and Skrubis, 1964). How-

ever, an increase in foliage yield does not always mean an increase

in oil yield. High rates of N tend to produce a heavy stem growth

which tends to reduce the oil yield (Powers, 1947; Kahl et al., 1956).

Fresh weight of peppermint grown in solution cultures was highest

when the ratio of N, P and K was 15-20:1:4 respectively (Steward,

Howe, Crane and Rabson, 1962).

Oil that contains high levels of menthofuran is obtained from

plants that are not fully matured or from plants that have had high

applications of N fertilizer which delays the maturity of the plants

(Baird, 1957; Powers, 1947).

Effect of Phosphorus, Potassium and Sodium
on Oil Yield and Quality

Application of P and K on mineral soils has little or no effect

on the hay and oil yield when the plant petioles contain .25-. 30% anti

2.5-3.0% P and K respectively (Baird, 1957; Skrubis, 1964).
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However, on peat soils, applications of P and K have given increased

oil yields (Powers, 1947; Davis, Lucas and Shepard, 1957) and im-

proved oil quality (Powers, 1947). Peppermint grown in solution

cultures showed that Na could replace K under extreme K deficiency

without detrimental effects on growth (Steward et al., 1964). To

date, the relationship between critical levels of N, P or K in the

plant and production of oil has not been established.

Effect of Fertilizer on the Nutrient Concentration of Peppermint

Application of nitrogen fertilizer increased the N content in

the plant tissue. Leaf N was higher than the N in the petiole (Baird,

1957). Phosphorus application increased the P content in pepper-

mint with the leaves having a higher content than the petioles (Baird,

1957; Bigger et al., 1954). Potassium application increased the K

content when grown on soils low in K (Bigger et al., 1954), but on

soils with high K soil test values, there was only a small increase

in uptake of K by the plants. Potassium content in the petioles was

significantly higher than K content in the leaves (Baird, 1957).
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MATERIALS AND METHODS

Description of Location

Five experiments were established in the spring of 1968 to

evaluate the effects of fertilizer treatment on oil content of pepper-

mint in western Oregon. They were located on the F. J. Staub le

farm 5 miles east and 1-1/2 miles north of Jefferson; the Dennis

Belnap farm 2-1/2 miles northwest of Corvallis; the Tom Harper

farm 4 miles southeast of Junction City; and two experiments were

located on the Dan Fry farm 8 miles west of Grants Pass. The

legal description of each location is given in the following table.

Table 2. Legal description of experimental locations.

Owner Location 1

F. J. Staub le NW+, SE+, S. 7, T. 10S, R. 3W
Dennis Belnap SE*, SW+-, S. 19, T. 11S, R. 4W
Tom Harper S4 SW+, S. 9, T. 16S, R. 4W
Dan Fry K- Experiment SET11,- SE+, S. 19, T. 36S, R. 6W
Dan Fry N- Experiment SW-, SE+, S. 15, T. 36S, R. 7W

1With reference to the Portland Meridian,

Description of Soil Series

Three K-Na experiments were established on the farms owned

by F. J. Stauble, Dennis Belnap and Dan Fry. The respective soil

series were Dayton, Cloquato, and Columbia. Two nitrogen
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experiments were established on the farms owned by Tom Harper and

Dan Fry. The respective soil series were Willamette and Kerby. A

brief description for each soil series is given in the Appendix.

Soil Chemical Characteristics

Soil samples from each experiment were analyzed with the

methods used by the Oregon State University Soil Testing Laboratory

(Alban and Kellogg, 1959).

the following table.

The results of the soil tests are given in

Table 3. Summary of chemical analysis of soil samples.

Soil testi.
pH K Ca Mg Na

Location me/100 grams ppm

Staub le 5.1 .31 5.10 2.39 .11 18

Belnap 6.1 .54 12.25 8.69 .28 22

K-Fry 6.7 . 38 6.46 1.86 . 04 19

Harper 6.0 1.41 13.81 6.82 . 38 66

N-Fry 6.1 1.44 6.18 1.51 .05 73

1 A 1:2 soil water suspension was used to determine pH. K, Ca,
Mg and Na were extracted with IN ammonium acetate adjusted to
pH 7.0 with a 1:10 soil to extractant ratio. The bases were de-
termined by flame photometry. P was extracted with a 1:10 soil
to extractant ratio using . 5N sodium bicarbonate adjusted to pH
8.5 and was determined by the molybdenum blue colorimetric
procedure using a Bausch and Lomb spectronic 20 spectrophoto-
meter.
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Description of Experiments

Table 4 shows the arrangement of treatments used to evaluate

response from application of N. The experiments were randomized

blocks with four replications. Rate of N varied from 0 to 450 pounds

of N per acre in combination with five dates of fertilizer application.

P and K were added to the Harper location at a rate of 100 pounds

of P2O5 and 100 pounds of K2O per acre except for three treatments

where P and K were used as variables (Treatments 9, 10 and 11,

Table 4). Forty pounds of N as ammonium sulfate were applied

April 30 as a blanket application to all of the plots, while gypsum,

with the same rate of sulfur was applied to the 0-N plots. The rest

of the N was applied as ammonium nitrate.

The experiment at the Fry location had the same N treatments

that were applied at the Harper location. Phosphorus and Potassium

were applied as a blanket application by the grower.

Plots were 10 by 30 feet for all five experiments. The experi-

ments were subject to the growers' management practices of weed

control and irrigation. A clip treatment and a rolled treatment at

the 250 N rate were included in each N experiments. The plots were

either clipped or mechanically rolled on June 1 to delay the maturity

of the plants.



Table 4. Arrangement of N treatments for Harper Location.

Treatment
Nos.

Rate lb/A Time of N application
N P205 K20 April 30 June 1 June 15 July 1 July 15

1 0 100 100

2 100 100 100 40 30 30
3 100 100 100 40 60

4 150 100 100 40 110
5 150 100 100 40 55 55
6 150 100 100 40 27 28 27 28
7 150 100 100 40 110

8 200 100 100 40 40 40 40 40
9 200 0 0 40 40 40 40 40

10 200 100 0 40 40 40 40 40
11 200 0 100 40 40 40 40 40
12 200 100 100 200

13 250 100 100 40 210
14 250 100 100 40 105 105
15 250 100 100 40 52 53 52 53
16 250 100 100 40 210

17 350 100 100 40 77 78 77 78
18 450 100 100 40 102 103 102 103

19 250 100 100 40 52 (clip) 53 52 53
20 250 100 100 40 52 (roll) 53 52 53
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The K-Na experiments were randomized blocks with three

replications. Four rates of K were used: 0, 60, 120 and 240 pounds

of K2O per acre with and without 120 pounds of Na per acre. P was

applied to all plots at a rate of 90 pounds of P2O5 per acre except

for two treatments where 120 pounds of K2O with and without Na and

no P were applied (see Appendix Table 3). An initial application of

40 pounds of N as ammonium sulfate was applied to the Belnap loca-

tion, and 80 pounds of N as ammonium sulfate to the Staub le location

on April 16 following the farmers' practice of spring field flaming.

K, Na and P was applied March 20 before the fields were flamed.

All applications of N at the Fry location were made by the grower.

Amount of N applied and other management practices such as weed

control and irrigation application were subject to the individual

grower's management practices.

Plant Analysis

Plant samples were taken at all locations in mid-June and again

at harvest time in late July or early August. The top six inches of

the main stem was sampled from the point of the latest matured

leaves at the top of the plant down the main stem. At the Staub le lo-

cation samples were taken every two weeks on both the main stem

as described above and also on the mature leaves that were on the

stem portion sampled.
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The samples were oven dried, ground in a Wiley mill and

stored for later analysis. P, K, Na, Ca, Mg and Mn were determined

on all of the June samples. The dried material was digested in nitric

and then perchloric acid. Ca, Mg and Mn were determined by atomic

absorption (David, 1960), K and Na by flame photometry, and P by

the molybdivanadophosphoric acid colorimetric method (Jackson,

1958). NO3-N was analyzed on the samples collected at harvest for

all experiments and on the June sample for the N experiments. Nitro-

gen was determined by steam distillation with MgO and Devarda alloy

(Bremner, 1966). Cl was determined by the Mohr method on all of

the harvest samples (Black, 1965).

Oil Analysis

A 3-1/2 by 27 foot strip was mowed through the center of each

plot. The cut hay was weighed to determine total hay yield per acre.

A moisture sample was taken from each plot to convert the yield to

dry weight. A five pound sample for oil analysis was then taken from

the cut hay or cut by hand adjacent to the mowed strip. This sample

was placed on a wire screen and dried either in a greenhouse or in

the field. After the sample was dried, it was placed in a cotton bag

and was ready for distillation which was done within one day.

A portable still, with a design similar to commercial stills,

was used to remove the oil from the dried hay. The still, shown in



17

Figure 1, consisted of four 16-quart pressure cookers with a live

steam outlet connected to the bottom of the cooker. The sample was

placed in the cooker and the steam was regulated by individual valves

for each unit. The steam flowed through the sample to an opening

near the top of the cooker, then through a line to a condensor that

was cooled with water. The condensate dropped down from the con-

densor to an oil receiver which separated the oil on the surface of the

water that was cooler than the oil. The receiver was calibrated in

ml. so that the amount of oil could be measured directly. The

amount of steam was regulated so that the temperature of the conden-

sate was held between 100-110 degrees, F. The majority of the oil was

collected after distilling for 10 minutes, but the samples were allowed

to cook for 45 minutes to insure complete oil removal. The distilled

hay samples were oven dried at 160 degrees F for 48 hours and

weighed to determine the dry weight.

The quantity of oil multiplied by the density of the oil (a den-

sity of . 9 was determined as an average value for all samples)

divided by the weight of the hay sample resulted in the percentage

of oil for the plot. Percent oil was multiplied by the total dry weight

of hay for an acre to give a final yield in pounds of oil per acre.

Three yield values were given for each treatment-- percent oil, dry

hay yield per acre and total oil yield per acre.



18

Figure 1. Portable still used to extract oil.



19

Variability of Oil Analysis

Since it had been noticed that oil composition of peppermint

plants may have a large amount of variability throughout a field, an

experiment was designed to evaluate variation in the harvesting and

distilling procedure. Four samples, similar in size, were taken

from peppermint variety trials that were established on first year

row mint. The samples were taken from uniform mint and the total

area covered was 1 by 10 feet. Drying and distillation were the same

as described above. Each sample was randomly assigned to a dis-

tillation unit and six varieties were used as replicates. There were

no significant differences among the distillation units and the coeffi-

cient of variation for oil determination was 7.1 percent. There was

a significant difference in oil content among varieties. It was con-

cluded that reproducible results could be obtained for the oil analysis

when uniform plant material was used. It was also concluded that our

sampling, drying and distilling methods were satisfactory under these

conditions. Values from the experiment are given in Table 5.
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Table 5. The effect of sampling procedures on the
variability in oil content.

Distillation Unit
Variety 1 2 3 4 Ave.

Mitch 1.81 1.66 2.01 1.64 1.78
58 1.57 1.68 1.61 1.25 1.53
3201 1.72 1.63 1.59 1.62 1.64
3202 1.76 1.67 1.56 1.57 1.64
92 1.70 1.66 1.55 1.54 1.61
1229 1.18 1.06 1.14 1.20 1.15

LSD (. 05) = 0.17% oil

CV = 7.1%
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EFFECT OF TREATMENTS ON NUTRIENT CONCENTRATION
OF PEPPERMINT

Nitrogen

Peppermint responds markedly to N fertilization. Three of the

effects of N on peppermint are quite apparent: (1) maturity, (2)

lodging of plants, and (i3) production of a leafy or stemmy growth.

Figure 2 shows some of the effects of N on peppermint. Plants that

are unfertilized develop short, erect stems with few leaves and

mature early. The 100 pound N rate also produces erect stems

which mature early while the 250 pound rate induces lodging, pro-

duction of secondary shoots and leaves, and delays the maturity of

plants. High rates of N stimulated luxuriant growth to a point where

the vegetation became so dense that the leaves on the lower parts of

the plants rotted, fell off, and were lost before the plants were har-

vested. Lodging became marked with application of 200 pounds of

N per acre.

Time of N application affected the maturity of the peppermint

plants. Applying all of the N by June 1 favored early maturity while

splitting the applications throughout the growing season delayed the

maturity. Applying all but 40 pounds of N on July 1 delayed the

maturity even later. However, for a given rate, time of N application
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Figure 2. The effect of 0, 100 and 250 pounds of N
on the growth of peppermint. Figure 2
shows the effect of N rate on two stems.
0 and 100 pound rates produced erect stems
while the 250 pound rate produced lateral
shoots at each internode on the main stem.
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did not significantly change the NO3-N concentration of the plants at

harvest. Table 6 shows the effect of time and rate of N application

on the NO3-N concentration at harvest.

Table 6. The effect of time and rate of N application on the NO3-N
concentration of harvest stems.

Rate of N
lb/A

Time of application Harper Fry
%NO3- N4/30 6/1 6/15 7/1 7/15

150 x x .12 .11
x x x .18 .10
x x x x x .11 .12
x x .18 .14

250 x x .34 .34
x x x .45 . 45

x x x x x .36 .48*
x x .42 .44

*LSD (.05) = .12 .11

The total amount of N applied, when comparing the 150 and 250

pound N rates, was more important in increasing the NO3-N concen-

trations at harvest than was time of N application.

Increasing the rate of N increased the NO3-N concentration in

the stem samples at harvest with each increment of N. There was

a significant difference in the NO3-N concentration at harvest be-

tween the 0 and 200 pound N rate, and the difference between 150 and

200 pounds approached significance at both locations. The 200 pound

rate of N, which induced lodging, had .25% NO3-N concentration in

the stems at harvest. Table 7 shows the concentration of NO3-N as
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affected by rate of N application at both locations.

Table 7. The effect of rate of N on the NO3-N concen-
tration of peppermint stems at harvest.

Rate of N Fry Harper Fry Harper
lb/A Treatment No. 1 %NO3-N

0 1 1 .02 .03
100 2 2 .04 .04
150 6 6 .12 .11
200 8 8 .25* .27*
250 13 15 .48 . 36*
350 15 17 .60* .82*
450 16 18 .62* . 9 9*

*LSD (.05) = .15 .17

1 See Appendix Tables 1 and 2.

There was a large amount of variation in the NO 3-N analyses

for all experiments. At the two locations where N was applied by

hand, the coefficient of variation for the NO 3-N analysis for each

experiment was 37.9% for Fry and 38. 7% for Harper. At the Staub le

location where N was applied through the sprinkler irrigation system,

the coefficient of variation was 89%.

P and K did not affect the NO 3-N concentration at any of the

experiments. At the Staub le location, those treatments receiving

Na had a significantly higher NO 3-N concentration than treatments

without Na. However, this location had a large variation in the

NO 3-N concentration for all treatments.

Increasing rates of N decreased the P concentration, increased
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the Mn concentration at the Fry location and increased the Mg con-

centration of peppermint plants at both locations (see Appendix

Tables 1 and 2).

Phosphorus

Application of P did not increase the P concentration of the

plants at any of the locations. Table 8 shows the relationship be-

tween soil test P and P concentration of peppermint plants with and

without P application. Samples were collected June 25-27 at all

five locations.

Table 8. The effect of P treatments on P concentration of
peppermint stems with different P soil analyses.

Location
P soil test

lb /A

P-treatments
PO P+

% P

Staub lel 36 .31 .34

K- Fry 1 38 .49 .47

Belnapl 44 .34 . 34

Harper2 132 . 42 .43

N- Fry3 146 -- .34

1P0 values are the average of treatments 5 and 10; P+ values
are averages of remaining 8 treatments (see Appendix Tables
3 and 6).

2P0 and P+ are values from treatment 11 and 8 respectively
(see Appendix Table 2).

3Average of all treatments (Appendix Table 1).
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At the Staub le location, P concentration decreased from . 34%

on June 25 to .28% on August 5. Table 3 in the Appendix shows the

average P analyses during the growing season.

Potassium

Potassium fertilization increased the K concentration of plant

samples at all locations with the greatest increase at locations with

low K soil test values. Table 9 shows the relationship between K

soil test and K concentration of peppermint plants with and without

K application. Samples were collected June 25-27 at all five

locations.

Table 9. The effect of K treatments on K concentration
of peppermint stems with different K soil analyses.

Location
K soil test

lb/A

K-treatments
K0 K+

% K

Staub lel 242 2.5 4.3

K- Fryl 296 4.5 4.8

Belnapl 421 3.8 3.8

Harper2 1100 5.8 6.2

N- Fry3 1120 - 5.3

1 K0 and K+ are individual values from treatments 1 and 2
(see Appendix Tables 4 and 6).

2 Values of treatments 8 and 10 respectively (see Appendix
Table 2).

3Average of all treatments (see Appendix Table 1).
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At the Staub le location, application of Na maintained a higher

K concentration in the plant during the growing season, especially at

the higher rates of K application. Potassium concentration decreased

during the growing season and this decrease was greater where Na

was not applied (see Table 4 in the Appendix).

Sodium

Sodium fertilization increased the Na concentration in the plants

at all locations where Na was applied. At the Staub le location, Na

concentration decreased at the same rate throughout the growing sea-

son regardless of Na application.

Manganese concentration in the plants at the Staub le location

increased with K and Na fertilization, and the concentration of Mn

was highest when Na and K were applied together. Manganese in-

creased with increasing rates of K although at the other locations Mn

did not increase with K and Na fertilization.

Chloride concentration increased as the rate of Cl increased

from the application of KC1 and NaCI at the K-Fry and Staub le loca-

tions and NaCl application significantly increased the Cl concentra-

tion at the Staub le location.

Jackson et al. (1966) showed that applications of Cl increased

the Mn concentration of bush beans and sweet corn grown on Dayton

soil in the Willamette Valley. Since Na and K were applied in the
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Cl form, the Mn concentration could be expected to increase with K

and Na fertilization.

Calcium and Magnesium

Calcium concentration was not affected by the fertilizer treat-

ments applied. However, magnesium increased with increasing rates

of N fertilization.

Leaf versus Stem Analysis

Potassium concentration in stems was 2. 5-3.0 times higher

than leaf concentration. Sodium was about 2.0 times higher in the

stems than the leaves. Phosphorus was slightly higher in the stems

while manganese was slightly higher in the leaves. Calcium and

magnesium concentrations were about one-third higher in the leaves

than in the stems. Due to ease of sampling and a greater range in

concentrations with time, the stems gave a better diagnostic tissue

test than the leaves.
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EFFECT OF TREATMENTS ON OIL CONTENT

Nitrogen

Nitrogen had a greater effect on oil content and yield of hay

than did any other fertilizer nutrient. Rate of N increased the per-

cent oil at both locations but the increase was not statistically sig-

nificant until the 450 pound N rate (Table 10). Delaying the time of

N application or repeated applications during the growing season

increased the oil content of the plants. The plots with N application

delayed until July 1 produced a significantly higher oil content than

those receiving N June 1 (Table 11).

Table 10. The effect of rate of N on oil content of peppermint.

Treatment) Fry Harper
Rate of N

lb/A
Oil

%

Oil
lb/A

Hay
lb/A

Oil
%

Oil
lb/A

Hay
lb/A

0 1.56 74 4700 .98 37 3950
100 1.81 102* 5600* 1.07 68* 6340*
150 1.68 99* 5840* 1.04 63* 6030*
200 1.78 91 5190 1.00 57* 5820),
250 1.90 99* 5180 1.08 65* 6000*
350 1.86 93 5040 1.17 66* 5590*
450 1.94* 100* 5120 1.23* 64* 5150*

*LSD (.05) = .35 24.4 558 . 32 19.2 748

1Treatment numbers are those listed for Table 7, p. 24.
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Table 11. The effect of time of N application on oil content of
peppermint. 1

Date of application
4/30 6/1 6/15 7/1 7/15

Fry Harper
Oil Oil Hay Oil Oil Hay

% lb/A lb/A % lb/A lb/A

x x 1.55 90 5800 .88 56 6460
x x x 1.68 91 5790 1.07 66 6250
x x x x x 1.79 99 5500 1.06 64 6020
x x 2.00* 111* 5530 1.12* 69 6060

*LSD (.05) = .25 17.3 390 .22 13.6 530

'Average of 150 and 250 pound N rate.

Rate of N significantly increased the total pounds of oil per acre

at the 100 pound N rate, but subsequent rates were relatively constant

at both locations (Table 10). Delayed N applications increased the

pounds of oil per acre with a significant increase at the Fry location

when comparing June 1 with July 1 application dates (Table 11).

At both locations the pounds of hay produced increased up to

250 pounds N per acre, but subsequently decreased with higher rates.

There was a significant difference between the 0 and 100 pound rates

of N. As N application was delayed, the yield of hay decreased.

Tables 10 and 11 show the effect of rate and time of N application on

percent oil, pounds of oil per acre and pounds of hay per acre for

both locations.

Oil content and total oil yield are dependent on the quantity of

leaves on the plant. The greater the leaf production, the greater the
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oil production expected.

Amount of hay produced was directly related to the rate of N

up to the 250 pound N level where higher rates tended to decrease

the hay yield. Rate of N was also directly related to the maturity

of the plants with low N rates favoring early maturity and higher

rates delaying maturity. Lodging and production of secondary shoots

occurred at the 200 pound N rate. When these factors are considered,

it is probable that the most favorable growth would be expected with

about 200 pounds of N where the plants lodge and form secondary

shoots, but the maturity is delayed long enough so that the lower

leaves remain attached to the plant at harvest. However, improved

precision in yield and oil measurements will be necessary in order

to identify more closely the optimum N rate.

Delaying the time of N application increased the oil content of

the plants. The main effect of delaying the time of application was

the retention of a greater amount of leaves on the plant at harvest

as compared to early applications.

Time and rate of N application affect the maturity. Since the

oil content increases with maturity to about 50 percent bloom and

subsequently decreases, the measurements that were made in this

study can be misleading. All treatments at a given location were

harvested on the same day when it was decided that the majority of

the treatments were ready to be harvested. It is probable that the
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early matured treatments--low N rates or early application date- -

were sampled after they had reached their peak in oil content and

were declining in oil content. It is also probable that the higher N

rates and the late N applications were not fully matured and could

have given even higher oil contents than those that were recorded in

this study. In order to better evaluate this treatment effect, more

than one sampling time for oil content would be necessary.

Phosphorus and Potassium

P and K did not have any effect on oil content or on total oil

yield at any of the locations.

Sodium

Sodium significantly increased the oil content and total oil

yield at the .01 significance level at the Staub le location. Hay yield

was only slightly increased by Na, so the increased production was

due to increased oil content. Sodium slightly increased the oil con-

tent at the Fry location but this may have been due to the variation

in N application, as the grower applied the N with an end gate type

applicator and noticeable differences in growth could be seen through-

out the experiment. The Belnap location was not harvested. Table

12 shows the effect Na had on oil content at two locations.
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Table 12. The effect of sodium on oil content of
peppermint.

Treatment
Na

lb/A
Oil Oil

lb/A
Hay
lb/A

Staub le Location

O1 1.07 68 6360

1202 1.38 96 6940

K-Fry Location
0

1
1.67 99 5920

120
2 1.82 101 5480

1 Average of Treatments 1 to 5 (see Appendix Tables
9 and 10).

2Average of Treatments 6 to 10 (see Appendix Tables
9 and 10) ,

Clipping and Rolling of Peppermint

Clipping or rolling peppermint did not adversely affect the

percent oil, and both treatments appeared to increase the percent

oil slightly. However, the total oil yield was not increased by

either of the treatments and therefore use of these treatments is

not justified on the basis of oil yields. Clipping may cause severe

stand damage the following year and should not be used as a method

of delaying the maturity of peppermint.
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SUMMARY AND CONCLUSIONS

Five experiments were established in the spring of 1968 to

evaluate the effects of fertilizer treatments on oil content of pepper-

mint in western Oregon. Two experiments were designed to evalu-

ate the effect of N while three experiments were designed to evaluate

the effect of P, K and Na.

Of all the nutrients that were added, N had the greatest effect

on growth and oil content. Increased rates of N increased the NO 3-N

concentration in the plant, increased the hay yield and also the per-

cent oil and total oil yield.

Time of N application for a given rate did not affect the NO3-N

concentration of the harvest sample, but delayed applications in-

creased the percent oil and the total oil yield. At the 200 pound N

rate, the plants lodged, formed secondary shoots and produced a

leafy growth that held its leaves until harvest. It would appear that

this is near the optimum N rate. However, greater precision in

yield and oil measurements is necessary to substantiate this belief.

Application of P did not increase the P concentration of the

plants at any of the locations nor did it affect the oil content or the

total oil yield. All plant analyses showed relatively high concentra-

tions of P with the minimum value being . 31% P.

Potassium fertilization increased the K concentration of the
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plants at all locations. However, K did not affect the growth and oil

yield.

Application of Na increased the Na concentration at all loca-

tions where Na was applied. Sodium application increased the percent

oil at the K- Fry location and significantly increased the percent oil

and total oil yield at the Staub le location. Both locations showed a

considerable amount of variation in yield and oil measurements; this

may have affected the results of the experiments. Sodium fertiliza-

tion should have further evaluation as a means of increasing oil pro-

duction in western Oregon.

At the Staub le location, leaf and stem samples were collected at

two week intervals to determine the effect of maturity on the nutrient

concentration. Analyses showed that concentrations of Na, K, P and

Mn in leaves and stems decreased with maturity, while Ca and Mg

leaf concentration increased and Mg stem concentration decreased.

Ca stem concentration was constant. K concentration was 2.5-3.0

times higher in the stems while Na concentration was about two times

higher in the stems than in the leaves. P was slightly higher in the

stems and Mn was slightly higher in the leaves. Ca and Mg were

about one-third higher in the leaves than in the stems.

With only one year's data and a large amount of variability in

the oil and plant analyses, it is difficult to substantiate many concrete
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conclusions concerning the effect of fertilizer treatments on yield

and oil content of peppermint. However, there are some conclusions

that can be made from this study.

1. Optimum rate of nitrogen appears to be in the area between

200 and 250 pounds of N per acre. Applications of N above the 250

pound level are probably not justified on the basis of oil yield.

2. Applications of N up to July 1 increased the oil yield. How-

ever, the effect of late N application on quality has not been deter-

mined.

3. Nitrate levels in stems of .25% at harvest are probably

adequate for maximum yield.

4. Peppermint did not respond to P applications when the June

stem sample was above . 30% P. Since . 30% was the lowest value of

any treatment, the critical level of P is probably below this figure.

Established fields that have received annual P fertilization are

probably at adequate soil P levels for peppermint.

5. Potassium fertilization did not affect the production of oil

when June stem analysis was above 2. 5% K. The critical level of K

is probably below 2. 5% as this was the lowest value for any of the

experiments. Most established peppermint fields in Oregon are cur-

rently at adequate levels for maximum oil production.

6. Sodium appeared to affect the production of oil in the pepper-

mint plants. However, large scale applications should not be made
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until the sodium effect is investigated further.

7. Clipping of peppermint in June to delay growth and maturity

should not be used. Clipping has caused severe stand damage the

following year.
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DAYTON SERIES

CLOQUATO SERIES

APPENDIX

DESCRIPTION OF SOIL SERIES

The Dayton Series is a poorly drained, old valley floor soil and a
member of the fine, montmorillonitic, mesic family of Typic
Albaqualfs. These soils have dark grey silt loam Ap horizons,
greyish brown silt loam A2 horizons that have abrupt boundaries
to an impervious dark greyish brown clay B2t horizons at a depth
of 12 to 24 inches, and brown silty clay loam C horizons. (The

Staub le location was tile drained to improve the water movement
through the soil. )

The Cloquato Series is a member of a coarse-silty, mixed mesic
family of Cumulic Haploxerolls. These recent alluvial soils have
uniform dark brown, friable, slightly acid, silt loam, weakly
developed profiles.
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COLUMBIA SERIES The Columbia Series is a member of a coarse-loamy, mixed non-
acid thermic family of Aquic Xerofluvents. These recent alluvial
soils have greyish brown, mottled, fine sandy loam A horizons over
light yellowish brown, mottled, fine sandy loam C horizons which

become stratified with depth.

WILLAMETTE SERIES The Willamette Series is a member of the fine-silty, mixed, mesic
family of Pachic Ultic Argixerolls. This well drained member of

the valley floor soils has thick very dark brown silt loam A horizons,

dark brown silty clay loam Bt horizons having, moderately thick clay
films, and dark yellowish brown, silty clay loam C horizons.

KERBY SERIES The Kerby Series is a member of the fine-loamy, mixed, mesic
family of Typic Xerochrepts. These soils were developed from
granitic parent material and have dark brown loam surface soil

and dark brown, loam to clay loam B2 horizons. Thickness of the

solum is 40 to 50 inches. Reaction is medium acid.



Appendix Table 1. The effect of N treatments on the nutrient concentration of peppermint. Fry Location, 1968.

Treatment
N

lbs/A
Time of N application @ August @

4/30 641 6/15 7)1 7/15 %P %K %Na %Ca %Mg PranlvIn %NO3-N %NO3-N

1 0 1/- .39 5.8 .04 1.2 .20 52 .06 .02
2 100 x x x .36 5.4 .06 1.1 .24 58 .25 .04
3 100 x x .33 5.4 .08 1.1 .25 59 .29 .10

4 150 x x .33 5.0 .10 1.1 .29 62 .42 .11
5 150 x x x .34 4.8 .10 1.2 .20 59 .32 .10
6 150 x x x x x .35 5.5 .06 1.1 .24 62 .24 .12
7 150 x x .36 5.5 .06 1.2 .28 66 -- .14

8 200 x x x x x .34 5.3 .11 1.2 .27 58 .52 .25

9 200 xx .30 5.3 .11 1.2 .30 61 .62 .25

10 200 x x x x .36 5.3 .10 1.2 .28 56 .43 .37

11 250 x x .30 5.0 .11 1.2 .30 70 .72 .34
12 250 x x x .32 5.3 .08 1.2 .28 76 .81 .45

13 250 x x x x x .34 5.2 .09 1.2 .29 69 .75 .48

14 250 x x .34 5.4 .06 1.3 .26 68 .44

15 350 x x x x x .32 5.4 .09 1.3 .33 89 .91 .60

16 450 x x x x x .32 5.2 .12 1.3 .35 80 1.00 .62

17 250 x x x x x .36 5.4 .12 1.2 .34 62 .67 .45
(clip)

18 250 x x x x x .33 5.2 .10 1.2 .28 70 .66 .28
(roll)

A summary of the statistical analysis for the DF SS F

August sample NO3-N: Replication 3 .0805 2.23
Treatment 17 2.4715 12. 12**

Error 51 .6122

CV = 37. 9% LSD (.05) Individual Means = .15%, Average of 2 Means = .11%, Average of 4 Means = . 08% NO3-N

@Average of four replications.
1/ 40 Ms N/A applied in April; remaining applications divided equally for each N rate.



Appendix Table 2. The effect of N, P and K treatments on the nutrient concentration of peppermint. Harper Location, 1968.

Treatment

N P2O5 K2O Time of N application rune@ Auszust@

lbs/A lbs/A lbs/A 4/30 6/1 6/15 7/1 7/15 %P %K %Na %Ca %Mg ppmMn % NO3 -N %NO3-N

1 0 100 100 1/- . 42 3.8 .16 1.2 .21 35 .04 .03

2 100 100 100 x x x .44 6.4 .18 1.0 .31 40 .15 .04

3 100 100 100 x x .43 6.4 .20 1.0 .31 38 .24 .04

4 150 100 100 x x .45 6.6 .14 1.1 .35 36 .65 .12

5 150 100 100 x x x .45 6.8 .14 1.0 .32 39 .34 .18

6 150 100 100 x x x x x .42 5.9 .24 1.0 .34 35 .29 .11

7 150 100 100 x x .42 6.0 . 1 4 1.0 .24 35 .07 .18

8 200 100 100 x x x x x .44 6.2 .20 1.0 .34 36 .40 .27

9 200 0 0 x x x x x .42 5.9 .25 1.1 .36 35 .59 .26

10 200 100 0 x x x x x .43 5.8 .18 1.0 .32 35 .63 .25

11 200 0 100 x x x x x .42 6.1 .19 1.1 .35 39 .56 .27

12 200 100 100 x x x x x .38 5.6 .30 1.0 .40 42 .55 .07

13 250 100 100 x x .43 6.2 .21 1.2 .45 42 1.11 .34

14 250 100 100 x x x .44 6.3 .16 1.1 .38 40 .69 .45

15 250 100 100 x x x x x .43 6.4 .19 1.0 .39 31 .80 .36

16 250 100 100 x x .40 5.4 .20 1.0 .25 32 .04 .42

17 350 100 100 x x x x x .42 6.0 .19 1.2 .39 40 1.04 .82

18 450 100 100 x x x x x .42 6.1 .20 1.2 .41 41 1.32 .99

19 250 100 100 x x x x x .62
(clip)

20 250 100 100 x x x x x .40 5.3 .24 1.2 .38 39 .64 .42
(roll)

A summary of the statistical analysis for the DF SS MS F

August sample NO3-N: Replication 3 .0432 ..0144 1.00
Treatment 19 5.0524 265 9 18. 40**

Error 57 .8226 .0144

CV = 38.7% LSD (.05) Individual Means = .17%, Average of 2 Means = .12%, Average of 4 Means = .08% NO3-N

cpl!catio,ns.
1/ s N/.4 applied in pril; remaining applications divided equally for each N rate.
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Appendix Table 3. The effect of P, K and Na treatments on leaf and stem phosphorus and
manganese analyses sampled throughout the growing season. Staub le

Location, 1968.

Treatment
P K

lbs/A
Na

P
@ ppm Mn

Sample Date Sample Date
6/25 7/9 7/23 8/5 6/25 7/9 7/23 8/5

Stem Analysis

1 40 0 0 .31 .30 .25 .27 320 290 220 160
2 40 50 0 .36 .35 .32 .28 300 250 250 260

3 40 100 0 .36 .35 .28 .33 340 290 250 230
4 40 200 0 .36 .31 .24 .24 420 340 320 300

5 0 100 0 .31 .33 .24 .30 400 360 310 260

6 40 0 120 .34 .38 .26 .33 430 400 310 300

7 40 50 120 .34 .30 .22 .18 470 390 330 310

8 40 100 120 .35 .35 .27 .30 400 400 320 330

9 40 200 120 .33 .32 .26 .31 430 390 390 320

10 0 100 120 .31 .32 .24 .30 450 410 330 340

Leaf Analysis

1 40 0 0 .32 .30 .27 .28 380 370 330 260

2 40 50 0 .34 .34 .32 .32 340 300 320 280

3 40 100 0 .33 .30 .25 .31 380 350 310 300

4 40 200 0 .31 .28 .24 .32 470 450 410 420

5 0 100 0 .28 .27 .23 .26 450 480 460 390

6 40 0 120 .32 .31 .28 .33 490 430 350 290

7 40 50 120 .29 .28 .22 .22 540 550 450 430

8 40 100 120 .31 .29 .26 .31 460 430 390 370

9 40 200 120 .28 .28 .25 .27 480 500 440 400

10 0 100 120 .29 .27 .29 .27 550 520 410 450

@Average of three replications.



Appendix Table 4. The effect of P, K and Na treatments on leaf and stem potassium, sodium, calcium and magnesium analyses sampled
throughout the growing season. Staub le Location, 1968.

Treatment
P K Na Sample

°A3K
@ % Na @

Sample
% Ca @

Sample

@%Mg__
DateDate Sample Date Date

lbs/A 6/25 7/9 7/23 8/5 6/25 7/9 7/23 8/5 6/25 7/9 7/23 8/5 6/25 7/9 7/23 8/5

Stem Analysis

1 40 0 0 2.5 2.0 1.8 1.7 1.4 1.0 .9 .9 .65 .70 .72 .45 .38 .33
2 40 50 0 4.3 3.7 2.9 2.8 1.1 .8 .7 .5 .75 .70 .70 .60 .50 .32
3 40 100 0 4.7 4.1 2.7 2.3 1.0 .7 .8 .5 .70 .75 .65 .52 .52 .37
4 40 200 0 5.2 3.9 3.4 2.7 .7 .5 .4 .3 .60 .60 .60 .42 .33 .25
5 0 100 0 3.9 3.4 2.8 2.3 .9 .5 .5 .6 .60 .65 .60 .38 .35 .23

6 40 0 120 3.0 3.2 2.2 2.8 1.9 1.5 1.5 1.3 .75 .75 .70 .63 .60 .42
7 40 50 120 3.7 2.6 2.3 1.6 1.5 1.0 .9 .9 .70 .60 .60 .53 .32 .28
8 40 100 120 4.6 4.2 3.7 3.7 1.2 .9 .8 .7 .70 .70 .65 .57 .48 .32
9 40 200 120 4.7 4.2 4.4 3.6 1.0 .6 .7 .6 .75 .6S .75 .53 .37 .38

10 0 100 120 3.9 3.5 2.9 2.8 1.3 .9 .8 .7 .65 .65 .65 .42 .40 .35

Leaf Analysis

1 40 0 0 1.0 .8 .7 .6 .6 .5 .4 .4 1.00 1. 3 1.4 1.5 .85 1.00 .97 1.00
2 40 50 0 1.4 1.2 1.1 1.1 .6 .4 .4 .3 1.00 1.2 1.3 1.4 .83 .90 .90 1.10
3 40 100 0 1.7 1.3 1. 1 1.1 .5 .4 .4 .4 .95 1.2 1.2 1. 3 .75 .88 .88 1.00
4 40 200 0 2.3 1.7 1.4 1.3 .5 .3 .2 .2 .90 1.2 1.1 1.4 .72 .85 .75 .90
5 0 100 0 1.6 1.3 1.1 .9 .5 .3 .2 .3 1.00 1.2 1.3 1.3 .77 . 87 .85 .90

6 40 0 120 .9 .8 .8 .7 1.0 .8 .7 .7 1.10 1.2 1.2 1.1 .85 .87 .83 .90
7 40 50 120 1. 1 1.0 . 9 .8 1.0 .7 .5 .4 .95 1. 2 1.2 1.3 .78 .88 .83 1.00
8 40 100 120 1.5 1.2 1. 2 1.1 .8 .6 .4 .4 .95 1. 1 1. 1 1. 1 .78 .83 .81 .90
9 40 200 120 1.7 1.5 1.5 1.3 .7 .5 .4 .4 .95 1.2 1.2 1.3 .75 .83 .77 .90

10 0 100 120 1.4 1.1 1.1 1.0 .9 .6 .5 .4 1.00 1.2 1.4 1.2 .80 .88 .95 .90

@Average of three replications.



Appendix Table 5. The effect of P, K and Na treatments on the NO3-N and Cl
concentration of peppermint and a summary statistical analysis
for NO 3-N and Cl. Stauble Location, 1968.

Treatment
P K

lbs/A
Na August Sample @ August Sample

% NO3-N % Cl

1 40 0 0 .16 1.03
2 40 50 0 .16 1.36
3 40 100 0 .14 1.34
4 40 200 0 .15 1.41
5 0 100 0 .10 1.27

6 40 0 120 .48 2.03
7 40 50 120 .14 1.00
8 40 100 120 .38 2.03
9 40 200 120 .33 2.15

10 0 100 120 .17 1.76

DF SS F SS F

Replication 2 .0731 .095 .4599 .894
Treatment 9 .3338 . 096 4. 9792 2.15
Error 18 .695 2 4.6290

Na 1 .1807 4.68* 2.012 7.82*
CV = 89% CV= 33.1%

@Average of three replications.
*
Significant at the .05 level of probability.
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Appendix Table 6. The effect of P, K and Na treatments on the nutrient concentration of pepper-
mint. K-Fry Location, 1968, and Belnap Location, 1968.

Treatment
P K

lbs/A
Na June August @

%P %K %Na %Ca %Mg ppmMn %Cl %NO3 -N

K-Fry Location

1 40 0 0 .53 4.5 .15 1.1 .39 67 .57 .05
2 40 50 0 .45 4.8 .16 1.1 .29 63 .83 .04
3 40 100 0 .47 4.8 .13 1.1 .29 63 .95 .04
4 40 200 0 .48 5.9 .13 1.1 .36 63 .89 .07
5 0 100 0 .50 5.9 .18 1.1 .36 82 .67 .04

6 40 0 120 .45 4.5 .42 1.1 .29 73 .80 .03
7 40 50 120 .48 5.4 .33 1.1 .31 63 .82 .06
8 40 100 120 .47 5.2 .38 1.2 .34 62 .75 .04
9 40 200 120 .43 5.0 .32 1.1 .28 70 .83 .06

10 0 100 120 .48 5.1 .32 1.1 .33 67 .74 .04

Belnap Location

1 40 0 0 .35 3.8 .57 ..9 .68 35

2 40 50 0 .33 3.8 .70 1.0 .73 33

3 40 100 0 .32 3.7 .72 1.0 .75 40

4 40 200 0 .35 4.8 .53 1.0 .65 41

5 0 100 0 .34 4.8 .60 1.0 .73 35

6 40 0 120 .34 3.8 .77 1.0 .78 40

7 40 50 120 .32 3.9 .83 1.0 .68 38

8 40 100 120 .36 5.0 .50 1.0 .63 41

9 40 200 120 .33 4.9 .55 1.0 .68 41

10 0 100 120 .34 5.2 .47 1.0 .65 48

@Average of three replications.
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Appendix Table 7. The effect of N treatments on the percent oil, pounds of oil per acre and
pounds of hay per acre of peppermint. Fry Location, /968.

Treatment
N

lbs/A
Time of N application) Yield

4/30 6/1 6/15 7/1 7/15 % Oil lb Oil/A lb Hay/A

1 0 1.56 74 4700

2 100 _x x x 1.81 102 5600

3 100 x x 1.84 105 5680

4 150 x x 1.53 94 6170

5 150 x x x 1.68 98 5870

6 150 x x x x x 1.68 99 5840

7 150 x x 1.98 106 5360

8 200 x x x x x 1.78 91 5190

9 200 xx 1.62 99 6110

10 200 x x x x 1.62 86 5360

11 250 x x 1.58 86 5440

12 250 x x x 1.68 85 5710

13 2.50 x x x x x 1.90 99 5180

14 250 x x 2.03 117 5700

15 350 x x x x x 1.86 93 5040

16 450 x x x x x 1.94 100 5120

17 250 (clip) x x x x x 1.84 95 51 60

18 250 (roll) x x x x x 1.97 113 5730

140 lb. N/A applied in April; remaining N divided equally between the other
indicated times of application.

2
Average of four replications.

Summary Table of Statistical Analysis for % Oil, Pounds Oil/Acre, and Pounds Hay/Acre

%Oil Pounds Oil/Acre Pounds Hay/Acre

DF SS F SS F SS F

Replication 3 .1049 .57 295 .33 35408 7. 59**

Treatment 17 1.7286 1.66 6668 1.31 108630 4.11 **

Error 51 3.1311 15274 79322

CV = 14.0% 17.8% 7.2%

LSD (.05)
Individual Means .35% 24.4# 558#

Average of 2 Means .25% 17. 3# 394#

Average of 4 Means .17% 12. 2# 279#

**
F value significant at 1% level.
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Appendix Table 8. The effect of N, P and K treatments on the percent oil, pounds of oil per acre
and pounds of hay per acre of peppermint. Harper Location, 1968.

Treatment

N P2O5 K2O Time of N application) Yield
2

lbs/A 4/30 6/1 6115 7/1 7/15 % Oil lb Oil/A lb Hay/A

1 0 100 100 .98 37 3950

2 100 100 100 x 1.07 68 6340

3 100 100 100 .80 49 6110

4 150 100 100 x x .88 55 6220

S 150 100 100 x x x .92 56 6220

6 150 100 100 x x x x x 1.04 63 6030

7 150 100 100 x x 1.11 71 6320

8 200 100 100 x x x x x 1.00 57 5820

9 200 0 0 x x x x x 1.08 68 6250

10 200 100 0 x x x x x 1.09 62 5690

11 200 0 100 x x x x x 1.13 64 5560

12 200 100 100 xx .88 51 5920

13 250 100 100 x x .89 64 7050

14 250 100 100 x x x 1.22 75 6200

15 250 100 100 x x x x x 1.08 65 6000

16 250 100 100 x x 1.13 67 5800

17 350 100 100 x x x x x 1.17 66 5590

18 450 100 100 x x x x x 1.23 64 5150

19 250 100 100 x x x x x 1.34 58 4260
(clip)

20 250 100 100 x x x x x 1.34 69 5170
(roll)

1 40 lb. N/A applied in April; remaining N divided equally between the other
indicated times of application.

2Average of four replications.

Summary Table of Statistical Analysis for % Oil, Pounds Oil/A, and Pounds Hay/Acre

% Oil Pounds Oil/Acre Pounds Hay/Acre
DF SS F SS F SS F

Replication 3 . 648 4.34** 2870 5.20** 20910 2.49
Treatment 19 1.704 1.80* 5897 1.68 389450 7.31**

Error 57 2.840 10484 159810

CV = 20.6% 22.2% 9.1%

LSD (.05)
Individual Means . 32% 19.2# 748#

Average of 2 Means . 22% 13.6# 530#

Average of 4 Means .16% 9.6# 374#

**
F value significant at 1% level. F value significant at 5% level.
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Appendix Table 9. The effect of P, K and Na treatments on the percent oil, pounds of oil per
acre and pounds of hay per acre of peppermint. Staub le location, 1968.

P K Na
Treatment lbs/A % oil

1
lb. oil/A

1 lb. hay/A 1

1 40 0 0 1.01 57 5780

2 40 50 0 1.23 76 6120

3 40 100 0 1.10 79 7100

4 40 200 0 .97 65 6640

5 0 100 0 1.02 65 6150

6 40 0 120 1.45 102 7350

7 40 50 120 1.41 93 6580

8 40 100 120 1.15 78 6730

9 40 200 120 1.58 115 7170

10 0 100 120 1.33 92 6890

1Average of 3 replications.

Summary Table of Statistical Analysis for % Oil, Pounds Oil/Acre, Pounds Hay/Acre

% Oil Pounds Oil/Acre Pounds Hay/Acre

DF SS F SS F SS F

Replication 2 . 14 . 91 1921 2.16 2,453,647 2.23
Treatment 9 1.20 1.73 8776 2.18 5,898,934 1.19
Error 18 1.39 8004 9,871,686

Na+ 1 . 76 9.87** 5603 12.59** 1,980,947 3.61
P-F 1 .003 .04 1 .002
K+ 1 .023 .30 953 2.14

CV = 21.7% 25.5% 11.7%

**
Significant at the (. 01) level of probability.
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Appendix Table 10. The effect of P, K and Na treatments on the percent oil, pounds of oil per
acre and pounds of hay per acre of peppermint. K-Fry Location, 1968.

Treatment
P K Na

lbs /A % oil 1
1

lb. oil/A lb. hay/A
1

1 40 0 0 1.72 102 5920

2 40 50 0 1.77 111 6250

3 40 100 0 1.76 97 5490

4 40 200 0 1.45 85 5850

5 0 100 0 1.63 100 6110

6 40 0 120 2.07 113 5430

7 40 50 '120 1. 70 93 5100

8 40 100 '120 1.72 94 5370

9 40 200 120 1.90 104 5480

10 0 100 120 1.70 102 6050

1Average of 3 replications.

Summary Table of Statistical Analysis for % Oil, Pounds Oil/Acre, Pounds Hay/Acre

% Oil Pounds Oil/Acre Pounds Hay/Acre
DF SS F SS F SS F

Replication 2 .095 . 76 877 1. 85 3112 .61
Treatment 9 . 747 1.32 1947 .92 29691 1, 29

Error 18 1. 130 4234 45970

Na+ 1 .182 2.88 43 .19 1598 .62

CV = 14.3% 15. 3% 8. 8%


