(Abstract)

Laughlin, Winston M. A Study of the Effects of Different
Fertilizer Mixtures and Certain Minor Elements on the
Growth of Mint and on the Yields and Physicochemiocal

| Constants of the 0il.

Peppermint was grown on muck soil in the greenhouse,
and peppermint and spearmint in field experimental plots,
with various soil treatments. Measurements of plant height
and observations of symptoms of Verticiilium wilt were made
at intervals during growth in the greenhouse. When the
plants commenced to bloom, both tops and roots were weighed.
In the field counts of plants showing symptoms of Verti-
cillium wilt were made and at harvest time the mint was
weighed immediately after ocutting, cured and distilled. In
the.laboratory the amount of o0il and the following physico-
chemical constants were determined -- specific gravity,
specif;c optical rotation, and refractive index of both
pepprermint and spearmint oil, the percentage of esters,
menthol, and menthone of peppermint oil, and the percentage
of carvone of spearmint oil, All data were subjected to
statistical treatment by the analysis of variance.

Large applications of calcium and of calcium and mag-
nesium carbonate depressed root yields of peppermint in
the'greenhouse.

Copper applied in the greenhouse stimulated early
growth but had no effect on yield of pleant material or oil.
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In the field copper tended to increase oil yields on a de-
ocidedly acid soil which had been limed.

The oil production of plants in the greenhouge was
increased by iodine applications. These treatments had no
effect on the early growth or the yield of plant material.

\There were no differences in the yield of plant material
obtained by the use of six different carriers of iodine.
Iodine applications in the field had no influence on the
production of foliage or oil.

Applications of boron, cobalt, and silicon were toxic
only when the following forms and rates in pounds per acre
were used: ocobalt sulphate, 160; boric acid, 100; sodium
metasilicate, 3200. Lower rates of application of these
materials had no significant influence on early growth or
yields of plant material in the greenhouse.

Molybdenum, strontium, chromium, megnesium, and zinc
had no significant influence on early growth or yields of
plant material in the greenhouse when the following forms

and rates in pounds per acre were used: sodium molybdate,
g8; strontium chioride, 1600; potassium dichromate, 320;
magnesium sulphate, 8000; zinc sulphate, 960.

No minor element treatment influenced the incidence of
Verticillium wilt symptoms in the greenhouse or in the
field. While the use of 2000 pounds per acre of 0-10-20
fertilizer had no influence on the incidence of Verticill-

ium wilt, the plants produced greater foliage and oil
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in spite of the prevalance of the disease.

Yields of peppermint oil and 6f spearmint foliage and
0il tended to decrease and yields of peppermint foliage
tended to increase as the ratio of potash to phosphate in
the fertilizer rose above 1l:l.

| Alphatron, a radioactive material, had no effect on
yields of foliage or o0il or the incidence of Verticillium
wilt symptoms.

In 1947 peppermint grown the previous year depressed
peppermint foliage and oil yields. This was not true in
1948. Other crops of the previous year had no influence on
yields of foliasge or o0il. Crops of the previous year had no
effect on the yields of either the foliage or the oil con-
tent of spearmint.

The physicochemical constants of the oils were not in-
fluenced by soil treatments. ;

The correlation coefficients between yields of pepper-
mint foliage and o0il, yields of spearmint foliage and oil,
of total menthol and menthone percentages, and of toéal men-
thol percentage and specific optical rotation were 0.584,
0.897, —0.971, and 0.777, respectively.
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INTRODUCTION

?eppermint (gggggg_pigerita) is an important orop on
the muck* scils of Michigan and Indiana. However, its
oulture is declining, principally because of decreasing oil
yields, part of which is due to the presence of Verticillium
wilt, Spearmint (Mentha virid;g or Mentha spicata), on the

other hand, due to its greater resistance to tkis same dis-
ease, is becoming an increasingly important crop in thié area.
This study was undertaken to ascertain the effect of various
soil treatments upon the growth of peppermint and epearmint,
the incidence of Verticillium wilt, the produoction of oil,
and the physi¥ochemical constants of the oil.

REVIEW OF LITERATURE

Pilz (3%) (Austria) reported that peppermint responded
to nitrate and potash applications, but showed no response
to phosphates. Springer (37) (Germany) found the largest
yields of peppermint and peppermint oil associated with the
application of nitrates and phosphates while Bauer, Rudorf,
and Heeger (4) (Germany) stated that the phosphate content of
individual experimental plots was directly proportional %o

the oil yield. Lutzenberger (26) (Germany) regarded phos-
phate as having a particularly beneficial effect on peppermint

* The term "muck soil" is used interchangeably with "peat"‘
&n this discussion.
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grown on marsh soils. Powers and Jones (33) found on different
Oregon peat soils maximum ylelds were obtained by potash
applications. Schlemmer and springer (36) (Germany) and
Ewinichidze and Rozanski (25) (Poland) after extensive field
experiments with various fertilizer mixtﬁres,report that the
form of the fertiliger applied exerted only a slight (if any)
influence on the oil yields. Harmer (17,18), foi pepreraint
on new muck in Michigan, recommends a ratio of pﬁbsphate to
potash of 2:1, changing to a ratio of 1:1 or 1:2 after the
land is cropped a few years. Nitrogen is recommended in the
feftilizer mixture only for rather poorly drained soils.under
abnormally wet conditions. Ellis (11), Harmer (19, 21), and
Ellis, Fawcett, Gaylord, and Baldinger (13) regard the yield
of peppermint oil as being directly affected by the fertilizer
and state that a fertilizer mixture having a ratio of either
ehe part of phogphate to two parts of potash or equal parts of
rhosphate and potash s the most effective. They report an

" inorease in the proportion of potash frequently results in
more hay but less oil. They also found 300 pcunds of ferti-
lizer per acre gave as good results as 600 pounds. Powers and
Jones (33) on Qregon peat soils, where response 1s obtained
only to potash, regard 320 pounds of 50% potash salts per acre
as the maximum amount. Harmer (22) is now advising heavy
fertilization (800 to 1000 pounds per acre) as part of a pro-
gram in the growth of peppermint on a soil infested with the
Verticillium wilt organism.
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Little has been published concerning the influence of
various minor elements on the growth of peppermint. Bode
(6), after growing peppermint in mutrient solutions, con-
cluded that probably boron, cobalt, aluminum, zinc and
copper were essential for high oil formation in the plant
Lutzenburger (26) reported manganese and boron increased oil
yields on organic soile by increasing the number and size of
leaves on the planta.

The pH of the soil producing peppermint has been given
congiderable thought. Deel and Deel (9) found the maximum
oil yield was obtained at pH 5.0. Birkeli (5) has stated the
plant prefers a pH from 6.0 to 7.0, with the maximum yield
being secured at pH 6.8. Powers (31) in Oregon found good
yields could be obtained on soils of pH 4.8 to 7.3 and Hammer
(18) in Michigan on soils of pH 4.5 to 8.0. 8imilarly Ellis
(10) has reported good yields of mint hay in Indiana on muck
soils yarying from pH 5.0 to &.0, with an optimum range for
growth and yield of oil at pH 6.0 to 7.5. Powers {31) gives
the optimum pH for spearmint production as 6.0.

The compos;tion of ﬁeppermint oil as affected by ferti-
lizer applicatiohs hasg by no means been determined. Ummey
(40) in 1896 regarded the chemical composition of the oil as
l1ittle affected by the soil upon which the orop was grown.
Schlemmer and Springer (36)\carried out extensive fertilizer
treatments with N, P, and K 1n relation to menthol and ester
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contents. They found that P and K without N produced oil
having the highest ester content while the highest menthol
content wag obtained with N and K with P absent. Springer
(37) has tended to bear this out since he found that the
oil from plants receiving P and N with no K contains the
least esters. Harmer and Benne (23) found the menthol and
ester content of the oil relatively independent of the pro-
portion of phosphate and potash in the fertillzer mixture
when both were applied. Powers (32) has found the use of

borax in the fertilizer resulted in increased menthol con-

tent of the oil. Ellis, Pawcett, Gaylord, and Baldinger (13),

after'oompletion of a three year study, have stated that the
chemical and physical constants of peppermint oil are not
affected by fertilizer except as fertilizer affects the
matgfit& of the plents.

Harmer (20) reported the carvone content of spearmint
oil increasedwith the proportion of phoephate in the Fertilizer
when both phogphate and ﬁotash were applied.

4
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EXPERIMENTAL
Studies of mint were made in the fiedd or in the green-

housge of the following organic soils:
1. Muck Experimental Famm, Clinton County. Part of a

large muck area of approximately 1400 acres of deep
muck (pH 5.9 - 6.2). Oropped 7 years. No Verti-
cillium wilt present until summer of 1948,

2. Lapeer County. 'Part of a large afea of deep woody
muck (pH 6.7 - 7.2). Cropped around 15 years.
Fertilized each year with about 400 pounds per acre
of 3-9-18 commercial fertilizer. Verticillium
'wilt has been present for eight or more years.

3. Qalhoun County. Part of an area of around 200
acres of deep muck (pH 4.0). New muck limed in the
spring of 1948 with 5 tons per acre of dolomitic
‘limestone bringing the pH to 5.6 when the pepper-

mint was harvested.

L, Clinton Oounty. Part of a large area of well de- "
composed muck (pH 5.2 - 5.8) high in mineral matter.
No peppermint grown because of severity of Verti-

cillium wilt.
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Greenhouse Experiments

Object
Peppermint was grown in two-gallon glazed clay pots in
the greenhouse to study the effect of various treatments
upon the growth of the plant and the prevalence of peppermint
wilt. In two cases the oil was distilled from the plants in
the individual jars of the entire experiment.

Genersl Procedure
Fertilizers,as well as all other materials applied, were
mixed with the entire amount of soil in each pot. These
pots were kept at an approximately optimum moisture content
by bringing them up to a predetermined weight by the addi-
tion of digtilled water. Four peppermint plants were trans-

planted into each jar from & lot which had been grown pre-
viously from rhizome cuttings and which were gelected for
uniformity. During!grbwth, heights of individual plants

were recorded. Whenevér goil nitrates approached a low
vaiue, as revealed by the Spurway (38) Simplex goil test,
ammonium nitrate was added in solution at the rate of 100
‘pounds per acre. Just as the plants commenced to bloom, they
were harvested. In most cases the weight of the tops* and

roots* of the freshly cut mint** were obtained.

* Tops throughout this discussion refers to all portions of
the plant above the ground while roots refers to all por-
tions below the ground.

** Yields of all harvested mint is reported as weight of
freshly cut green mint.
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Plate 1 shows the laboratory apparatus used in the disg-
tillation of the tops from individual greenhouse pots. This
apparatus consists essentially of twd five-liter Florence
flagks (one serving as a steam generator, the other as a "mint
tub® ), connecting tubing, & water condenser, and a large
separatory funnel as & reéceiver. The steam inlet ig directed
to the bottom of the "mint tub".. In addition a Bunsen burner
is placed beneath this flask to prevent condensation of steem

in the "mint tub" rather than in the condenser.



Plate 1. Laboratory apparatus used in distillation of
peppermmint from individual greenhouse pots.
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80il Treatments

Fertilizers and Carbonateg. The first of these greenhouse

experiments involved three repliocations, with four levels of
chemically pure fertilizer and six levels of precipitated
calcium and magnesium carbonatesapplied to a muck (pH 5.2)
highly infested with the Verticillium wilt organism from a
diseased Clinton County mint field. The carbonates were
applied three months before fertilizing and planting the
first crop of peppermint. Immediately after harvesting the
first crop, which had been treated with a 0-10-20 fertilizer,
a second was planted and the same fertilizer treatments re-

peated with a 0-10-30 mixture.

Crop 1. Table 1 presents the weight of material produced

with varying carbonate and 0-10-20 fertilizer treatments, to-
gether with the average pH of the soil resulting from each
treatment. These data indicate that the yleld of tops is not
affected by increasing applications of-fértilizer nor by ocar-
 bonates of calcium or both calocium and magnesium. However,
the total plant weight, and especially the roots, decrease
withﬂthe application of carbonates, this decrease being highly
signifieant with the 16-ton-application of calcium carboﬁate
and calcium and magnesium ocarbonate. The more rapid decrease

in root weight with increasing amountsg of carbonates:is well
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illustrated by the ratio of tops to roots which markedly in-
ocreases with the heavier carbonate applications. The pH of
5.2 of the original soil was consistently raised by the
application of calocium and of mixed calcium and magnesium
carbonate to approximately 7.1 with the 16~ton applications.
All plants developed symptoms of Verticillium wilt.
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Pable 1. Effects of Varying Amounts of 0~10-20 Fertilizer
and of Calciun andi Magnesiun Carbonates on the
Weight of Peppermint Plants Produced on Muck Soil

in the Greenhouse.

Crop 1. 1
Treatment sz eight am 3
Fertilizer caco3 M3003 Tops | Roots | Total
Lbs./A T/A T/A Plant
500 0 0 5.2 389 140 29
500 4 0 5.8 360 138 98
500 8 0 6.3 1 345 | 121 466
500 16 0 6.9 330 106 436
500 2 2 5.9 1 3 143 4&3
o b | B e =
100 . 1 2
1000 I 0 5.8 uﬁ 17 29
1000 8 0 6.3 73 | 1 77
1000 16 0 6.9 376 79 453
1000 2 2 5.9 369 125 49
2000 o o | L3l % | 159 | 20
A ‘ * 1 1
2000 4 0 5.8 393 12% 539
2000 8 o 6.3 350 111 1
2000 16 0 7.0 6l 70 | 434
2000 2 2 5.9 3607 97 oy
2000 8 8 7.1 88 37 435
4000 0 0 5.2 41 142 Eg;
4000 4 0 2.8 399 &9 8
4000 8 0 .3 3 125 ggs
4000 16 0 7.0 315 &9 4
4000 2 2 5.8 385 139 24—
4000 8 ] 7.0 331 102 33

1. Harvested June 11, 1948,
2. June 11, 1949,
3. Average of 3 replications. - _
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Source DF| T Root tal Plant
88 @‘135 g8 m% s% = ﬁg
Total 71 (1952951 - 126164 415970
carbonates 23577|4715| 29338|5868** | 94692|18,938*
Fertilizers] 3| 14190|4730] 2515| 838 10831 3610
Replication | 2| 7328|3664 21046|10523 6835 3418
Cerbonates x
Fertilizers|15| 18552|1237| 22757] 1517 | 35315| 2354
Error usl131648| 2862] 50508| 1098 | 268297| 5832
L.s.0.1 (5%) 55 126
(1%) 73 168

* gignificant at 5% level.
*¥ Significant at 1% level.

1.

© sgignificant difference.

Phroughout this discussion L.8.D. refers to least
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Summa.ry
‘ Treatment Aver eight Gram l Ratio
CaCO3 ug003 Tops Roots Total ng °
|_T/A T/A7 Plant Roots
0 0 401 138 539 2.9
4 0 374 132 506 2.8
8 0 363 115 478 3.2
16 ) 361 86 W7 4,2
2 2 366 126 ho2 2.9
8 341 &9 430 3.8
Fertilizer Lbs/A
500 350 124 U7k 2.8
1000 359 109 lieg 3.3
2000 376 110 ug6 3.4
4000 386 114 500 3.4
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Orop 2. Table 2 presents measurements of early plant growth
and the weight of material produced with varying carbonate

and 0-10-30 fertilizer treatments, together with the average
pH of the soil resulting from each treatment. These applica-
tione (500, 1000, 2000, and 4000 pounds per acre) of ferti-
1izer were in addition to any residual fertilizer remaining
from Crop 1. Although early plant growth tended to increase
with the 500 pound application of 0-10-30 fertilizer, there
weré no significant differences as related to fertilizer or
carbonate level. The total weight and the top weight were not
affected by fertilizer or carbonate level. However, root
growth was inhibited by all fertilizer applications exceeding
500 pounds per acre, particularly with the heaviest lime appli-
oations. This would indicate that the fertilizer applied in
addition to the residue from the preceading crop produced a
toxic effect, possibig‘&ue to a high soluble salt content of
the soll, or that there was so much nutrient available the roots
did not find it neoessary'to grow in search of it. These com-
bined fertilizer applications for the two orops amounted to 4
to 16 times as much as that recommended in the field. Although
root growth tended to be depressed again by the 16 ton applioca-
tion of calecium and of calcium and magneslum carbonate, this
decrease was not significant. This decrease may be illustrated
by the ratio of tops to roots which rises, as with crop 1,

with the heavier carbonate appliocations. The pH of the soil
wes approximately the same as that after the first crop was

harvested. All plants developed symptoms of Verticillium wilt.

4
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Table 2. Effects of Varying Amounts of 0-10-30 Fertilizers
and of Qalcium and Magnesium Carbonates on the
Early Growth and Weight of Peppermint Plants Pro-
duced on Muck 8011 1n the Greenhouse.
orop 2.1
Treatment e Heighg — Weight (Grams)t
)| Tops Roots| Tota
Fertilizer Ca003 Hs003 Plant
Lbs. /A T/A
500 0 0 5.2 ] 33 10 56 159
500 4 0 5.7 29 11 28 172
500 8 0 6.2 2 123 3 186
500 16 0 7.0 7 125 181
500 2 2 6.0 1 120 71 191
500 8 8 7.1 39 125 62 187
1000 0 0 h.1| 3 133 yu 177
1000 Yy 0 5.71 3 8 38 122
1000 8 0 6.31 30 124 Zg 176
1000 16 0 7.0 271 129 16
1000 2 2 6.0| W1 106 4g 15
1000 8 8 7.1 31 115 4y 159
2000 0 0 5.2 | 28 141 45 186
2000 i 0 5.7 30 119 49 168
2000 8 0 6.3 | 38 lg? zz 198
2000 16 0 7.01 37 141 185
2000 2 2 5.9 30 96 zg 135
2000 8 8 7.1 37 120 166
4000 0 0 h.1| 33 138 60 198
4000 y 0 5.7 1 139 63 202
4000 -] 0 6.3% 0 120 317 168
4000 16 0 7.0 38 »gs 178
4000 2 2 5.7 27 116 4 150
4000 8 8 7.1] 29 100 26 126
1. Harvested October 9, 19
2. October 9, 1949

~ 3. .Average height of plants of 3 replications of 4 plants each.
July 29, 1948.
4, Average of 3 replications.
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rSource DF 88 MS
Total 71 5,364 ‘
Carbonates 5. 168 34
Fertilizer 3 409 136
Replication 2. 143 72
Carbonates x 15 1,097
Fertiligzer '
ErToT 46 3,547 77
Source DF Tops Roots Total Plant
83 | M8 88 Ms 3s M8
Total 71 | 44558 20028 ’ 83823
Carbonates 51 61061221 g02| 160 7208 | 1442
Fertilizers | 3| 1814 605 | 3659(1220%**] 3580 | 1193
Replications| 2 | 1719 &0 | 118&| 594 997 | 498
c%rbg?ﬁes p 15| 85 570 406'6.4 271 {20 76' 8
er zZers ’ 1
Error 46 2632& 573 ] 10313| 224 51%62 1%%0
L.S.D. (5%) - 25
(1%) — 33

** gjgnificant at 1% level
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Summary
Treatment | Average Weight in Grams Ratio
0aCo3 Mgc()} Tops Roots Total még
| T/A” T/A° Plant Roots
0 0 129 51 180 2.5
4 0. 114 _ 52 166 | 2.2
8 0 129 53 182 2.4
16 0 134 45 179 3.0
2 2 110 4g . 158 2.3
8 8 115 45 160 2.6
Fertilizer Lbs/A
500 118 61 179 1.9
1000 115 44 159 2.6
2000 126 47 173 2.7
4000 128 43 171 3.0
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Minor Elements: In all caseg each pot was fertilized at

the rate of 1000 pounds per acre of a 0-10-20 fertilizer.

With the exception of the element in question minute and
uniform quantitiesgs of the other mihor eleunents were added

tp each pot by means of a solution. Whenever a potassium

salt of an element was used, enough potassium in the form of
potassium chloride was added to the various pots 8o each re-
ceived the same total amount of potasgsium, irrespective of
treatment. The following minor elements were included in

this study: oopper, lodine, cobalt, molybdemum, strontium,boron,

chromium, magnesium, zino, and silioon.

Qopper.... Three pots containing muck soil of pH 4.7
obtained from northern Indiana received no copper while the
remaining three reoeivéd 100 pounds per acre of copper sul-
phate. Plates 2 and 3 show the response in early growth to
copper sulphate. However, these differences did not con-
tinue throughout the growth of the plant. Table 3 preéents
the oil yield and weight of peppermint plants. Although
the deta indicate that the application of copper sulphate
resulted in a slight decrease in yield of both weight and

oil, the decrease was not significant.
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| .

. Plate 2. The effect of copper sulphate on early growth of
peppernmint grown in the greenhouse on muck soil.
_(pH 4.7). The pot on the left received no copper.

Plate 3. The effect of copper sulphate on early growth of
peppermint grown in the greenhouse on muck soil.
(pH 4.7). The pot on the left received no copper.
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Table 3. Effect of 100 pounds per acre of Copper Sulphate'on
01l Yield and Weight of Peppermint Plants Produced
on Muck Soil (pH'5.1) in the Greenhouge.
Treatment _____ﬂglshﬁ.iﬁzﬁgﬁ) Qil_iuﬁx) —
1 1] 1 II1) ean | I I | III } Mean
No copper u "
_Egulphate u20 {410 | wus| 425 Jo.8 | 0.9 | 1.1 | 0.93
opp eT
gulphate 408 324 322 351 0.8 0.7 0.8 0.717
Anelysis of Variance
Source | Tops 0il
DF S 88 'i: 3
Total 5 | 13,609 0.095
Treatments 1| 8140 | &140 0.042 0.042
Replications | 2 | 2,274 | 1,137 0.030 0.015
Error 2 | 3,19% | 1,597 0.023 0.016
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Jodine.... The effect of -iodine on peppermint growth was more
intengively investigated than was that of any other minor
element. Potassium iodide was used as the source of the ele~

ment in most of the studies.

Effect of Potassium Iodide. This first study involved three

replications with applications of 0, 5, and 10 pounds of
potaseium iodide per acre to wilt-infesfed muck (pH 5.1) from
Clinton County. Table 4 presents the oil yield and weight of
peppermint plants. Although the weight of tops increased
slightly with increasing applications of iodine, this increass
was not significant. O0il yleld was significantly increased by
the application of potassium iodide. All plants showed
eymptoms of Vertiocillium wilt.

Since these smaller appliocations apparently increased the

oil yield, larger amounts of potassium lodide were used in

another experiment. Four replications of applica;ions of potas-~

sium iodide of O, 5, 10, 20, 40, and 80 pounds per acre to a
wilt-infested muck soil (pH 6.8) from Lapeer County were get
up. Table 5 presents measurements of early plant growth and
of the weight of pepperminx planté. These data indicate that
iodine had little effeét on peppermint growth. All plants
developed symptoms of Vertiocillium wilt. |
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Table 4, Effect of Potassium Iodide on the 0il Yield and
Weight of Peppermint Plants Produced on Muck Soil

(pH 5.1) in the Greenhouse.

Potassium Weight (Grams) 0il (K1.)
Iodide ' ’
bs. I II| II1]| Mean| J | III_| Mean
0 278 271 269 273 0.3510.30 |0.30] 0.32
5 298 300 280 293 0.50 0.20 0.%5 0.38
10 288 | 287 | 336 | 304 | 0.50 | 0.50 |0.50| 0.50
Analysis of Variance
Source DF 0
o 88 MS 88 us
Total g |3,338 0.075
Treatments 2 1,483 T41 0.062 0.031*
Replications 2 134 67 0.005 0.002
Error 4 1,722 430 0.008 0.002
L.8.D. (5%) 0.11
(1%) 0.17

» gignificant at 5% level.
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Effect of Increasing Amounts of Potassium Iodide
on the Early Growth and Weight of Peppermint Plants
Produced on Muck Soil (pH 6.2) in the Greenhousge.

Lbe./A | Height (om)r Weight (Grams)
KI [Nov.10, | Dec. 7, “Tops| Roots| Total
1948 1948 Plant |
0 31 68 127 55 182
5 30 6l 95 56 151
10 32 71 123 8 181
20 31 69 138 2 200
4o 34 78 128 65 | 193
80 32 75 107 60 167

1. Average height of plants of 4 replications of 4 plants
each. . 4
2. Average of U4 replications harvested March 10, 1949.

Anglysis of Variance

Source | DF Height|
Nov. 10 Dec.7 Tops Roots Total
_ - P
95 M3[ 8§ | M8 S5 ] ¥§ | S8 MS| 88 (&nu
Total 23| 299 1192 14802 2082 18979
ol : ‘
tents | 5| 50|10| 46092 | 5028|1006| 338|688 | 6617/1323
Replioca-~ o ‘
tions 3| 29/10] 138|46 | 1492] 497| 269|/90| 1610, 536
Error 15|220{ 15| 594| 40 | 8282) 552|1475|9¢ (10752 717
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Effect of Other lodine Carriers. In applying potassium iodide

to field plots in the spring of 1947, it was noted that ococa~
sionally there was considerable volatilization of the iodine
when the compound was mixed with enough muck to secure a ’
volume large encugh to spread over the required area. Conse-
quently, it seemed desirable to investigate a more stable
iodine carrier for such work. Accordingly an experiment, re-
. plicated twice, was set up in the greenhouse comparing six
different carriers of iodine., Each compound was applied at a
rate sufficient to apply five and ten pounds per acre Sf ele-
mental iodine. Table 6 113%5 the different iodine carriers
used, together with the measurements of early plant géowth and
the weight of peppermint plants. \
Table 6. Effects of Two Rates of Application of Six Different
Iodine Carriers on the Early Growth and Weight of

Peppermint Plants Produced on Muck Soil (pH 6.0) in
the Greenhouse.

1 Y-
a Height Weight (Grams)®
odine parrier| (Cm.) | Tops |  Roots Totat
Lbs/A — an
A 5 A 50 258 176 ‘Rkjﬁ
10 A 6l 270 194 Lol
5 B 35 298 160 458 -
10 B 54 300U 205 09
5 c 50 292 178 70
10 C zg 202 135 u37
5 D 303 159 ho2
10 D Zg 280 188 4e8
2 L E | % | B | 1| s
12 ? g 22 i7e
10 __F 39 275 160 435

1. Average height of plants of 3 repliocations of % plants
each, June 10, 1948.
2. Aversge of 2 replications harvested July 24, 1948,
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Carriers % Iodine in Carrier
A - Thymol iodide 43.0
B - Stabllized potassium iodide 68.1
¢ - Fertidine 18.0
D - Diphenyl iodonium chloride 45.0
E -~ Big chlorophenyl iodonium chloride 32.9
F - Big iodo pheegt iodonium iodide 77.0

Analyeis of Variance

Total
Source DR Height Tops Roots —Plant

gs | ys| ss | us | ss | MS | 88 | wug

Total 23| 3027 13694 15278 25661
Compounds{ 5| 505/10L| 5598{1120| 2704|541 | 5056|1011
Rates 1 28| 23 0 0 91 9 18| 1g
R on 1| 182]1g2| 2185|2145 70| 70 | 13951
tion
Compo:ngs 51 1349|270| 1246| 249| 8035|1607 6682 1%%2
x Rates

Error 11| 963| 88| 4665| 424 U460| 405|12500|1136

No differences in the effect of iodine on the early
growth or weight of peppermint plants, when supplied by these
different carriers, are indicated by these date.

Boron.... Four replications of boric acid of 0, 50, 100,
and 200 pounds per acre to a wilt-infested soil (pH 5.7)
froﬁ Clinton County were set up. Table 7 presents the mea-~
surements of eariy prlant growth and the weight of pepper-
mint plants. There is no indication from these results of
any beneficial effect from the boric acld application. In
fact the 200 pound application decidedly retarded growth
and depressed the yield. .




Table 7.
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Effect of Increasing Amounts of Boric Acid on the
Early Growth and Welght of Peppermint Plants Pro-
duced on Muck Soil (pH 5.7 ) in the Greenhouse.

Boric | Heightl etght _(Gramg)®
Acid (Cm) Total
Lbs/A | _Tops | Roots Plant |
0 36 10 60 165
50 32 10 "y 145
100 Z 119 32 125
200 20 33 g

1. Average Height of plants of 4 replications of
. 4 plants each August 28, 1943,
2. Average of 4 replications harvested QOctober

27, 1948

Analysis of Variance

“Total
Source |DF | _Height Togs Roots Plant
Mg | 98 [ M8 | S8 ! MO | S8 | Mg |
Total |15 [L020 22918 - lesuu) heosk
Trea:-- 652{217*| 16101 5367"J5793 191936399 12133-+
nﬁﬁ?iia. 65| 22 968 | 323 85| 28 | 1548 516
ti
Errggs 303! 34| 58u49 n650 1016| 113 | 8107| 901
L.S.D. (5%) 10 b 17 Lg
(1%) 1k 59 25 69

* Significant at 5% level.
»* gignificant at 1% level.
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The root yleld significantly decreased with each 1norease'1n
application of boric acid. The weight of the total plant
algo decreased slightly with the higher applications of
boric acid but became significantly less with the 200 pound
application. Plate 4 shows the depressing effect of boric
acid. Plants receiving the 200 pound application of boric
acid were decidedly stunted —— the outer leaf edges died
after turning yeliow and then brown. Plate 5 shows this
characteristic symptom of boron toxity. A few leaves of
plants receiving the 100 pound application also showed this
characteristic burning at their edges. All plants irres-
pective of itreatment developed symptoms of Verticillium wilt.

Cobalt.... Foﬁr replications of applications of cobalt sul-
phate of 0, 20, 40, 80, 160, and 320 pounds per acre to a
wilt-infested soil (pH 5.5) from Clinton County were set up.
Table 8 presénts the measurements of early plant growth and
the weight of the peppermint plants. It is evident that all
applications of cobalt sulphate depressed early growth —-
the amount of depression inoreasing with the amount of co- %!
balt applied. This depression was significant July 26, but
much less marked by August 3. Plate 6 shows this depressive
effect on the early growth of peppermint plants.

Applications of cobalt sulphate up to 160 pounds per
acre had no éignificant effect on the weight produced. How-
ever, a 320 pound application depressed yields. This depres-
sion was significant when the total plant and the tops are
consideredi. Toward the latter part of August all plants, irres-

pective of treatment, showed definite Verticillium wilt symptoms.



Plate 4. The effect of boric acid on growth of peppermint
grown in the greenhouse on muck soil of pH 5.7.
Jars from left to right received 200, 100, 50, and O
pounds of boric acid per acre.

Plate 5. Boron toxity on peppermint grown on muck soil of
‘ pH 5.7 in the greenhouse. 200 pounds per acre of

boric acld per acre had been applied.
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Table 8. Effect of Increasing Amounts of Cobalt Sulphate

on the Early Growth and Weight of Peppermint

Plantg Produced on Muck Soil (pH 5.5) in the
Greenhouse.

Cobalt Height (Om)l Weight (Gramg)2

Sulphate Total

Lbs/A July 26| August 3 Tops | Roots Plant

0 4o 64 181 98 279

20 35 60 160 62 222

40 33 58 209 83 292

80 Zl 22 206 71 283

160 2 178 7 252

320 20 4o 99 27 126

1. Average height of plants of ¥ replications of U plants

each.
2. Average of

Analysis of Variance

4 replications harvested September 23, 1948,

Source]DF

A

Height

88

July: 2

MS) 88 |

1882

5 1086

93
103

21741658
142

3953

31

W7 12353

Aug.

3

MS

Tops
M9

88 |

332
47
144

486018
32166
7241
9171

2427
611

64331918

27110

1776]
13416

Roots

_ M9 |

238l

592
894

Total
38

110555
78110

1834
24611

‘Plant

MS

15622l

2611
1641

L.8.D.(5%)
(1%

11
15

38
52

62
&5

“s gignificant at 1% level.
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Plate 6. The effect of cobalt sulphate on early growth of
peppermint plants on muck soil of pH 5.5 in the
greenhouse. Jars from left to right recelved
0, 20, 40, 80, 160, and 320 pounds of ocobalt
sulphate per acre.
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Molybdenum.... Four replications of applications of sodium
molybdate of 0, 3, 6, 12, 24 and 48 pounds per acre to a
wilt-infested soil (pH 6.8) from Lapeer County were set up.
Table 9 presents the measurements of early plant growth and
the weight of peppermint plants. These data indicate that
the application of sodium molybdate up to 48 pounds per acre
had no significant 1nf1uence upon either the early growth or
the weight of peppermint plants. However, there is a sugges—
" tion that sodium molybdate may have had a tendency to in-
crease the yield. All plants developed symptoms of Verti-
cilljum wilt. The low yields of some individual pots may
have been due to severe infestation by red splder and injury
from Parathion used in its control. Plate 7 shows typical
injury to peppermint by Parathion spray.

Plate 7. Injury to peppermint forty-eight hours after spray-
ing with Parathion. Note the twisting stems and
downward bending petioles. (Concentration uged =--
1 teaspoon of Parathion per gallon of water. )
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Table 9. Effect of Increasing Amounts of Sodium Molybdate
on the Early Growth and Welght of Peppermint Plants
Produced on Muck Soil (pH 6.8) in the Greenhouse.
Sodium Height | (cm)! Weizht (Gramg)2
Molybdate _ Total
LbsfA. Nov. 23 ,Dec. 28 |Tops| Roots | Plant .
0 15 28 g4 | og 112
3 18 1 92 51 133
6 20 u7 86 31 117
12 16 8 93 32 125
2L 18 1 91 EO 121
48 20 45 95 1 136
1 L]

2. Average of

Analysis of Varlance

Average heiﬁht of 4 replications of 4 plants each.
replications harvested March 10, 1949,

Source |DF _ﬁ%—fops oots Total
sgfMs] ss | M8 | 38 T MS] S ..JL@.__S_'%Iﬂ_ﬁ:
potal |23 |367| |oucs 7964 2988 16459
Treat- 80|16} 276] 55 339 | 68| 661|132 1685 337
nggggg&-' 3 g2| 27| 665|222 516 172| 519{173 649 216
it 15 |205|14|1547|103 7109 |474 [1808|120 |14125| 9u2
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gtrontium.... Four replications of applications of strontium
chloride of O, 100, 200, 400, 800, and 1600 pounds per acre to
a wilt-infested soil (pH 7.0) from Lapeer County were get up.
Table 10 presents the measurements of early plant growth and
the weight of peppermint plants. It is evideht that the
~applica.tion of strontium chloride up to 1600 pounds per acre
had no significant influence upon the early growth or weight
the plants produced. The low yields of some individual pots
may have been due to severe infestation by re& gpider and in-
Jury from Barathion used in its control. 41l plants showed
symptoms of Verticillium wilt. ' S

Chromium.... Four replications of appliocationg of potassium
dichromate of 0, 40, 80, 160, and 320 pounds per acre to &
wilt-infested soil (pH 6.9) from Lapeer Oounty were set up.
Table 11 presents the mqgsurements of early plant growth and
the weight of peppermint plants. These data indicate that the
application of potasgium dichromate up to 320 pounds per acre
had no significant influence upon the early growth or the
weight produced. All plantg developed characteristic symptoms
of Verticillium wilt.
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Table 10. Effect of Increasing Amounts of Strontium Chloride
on the Early Growth and Weight of Peppermint Plants
Produced on Muck S0il (pH 7.0) in the Greenhouse.

Strontium Height (cCm)t Weight (Grame)®
Chloride Total
‘ ; Nov.23| Dec.28 Tops Roots Plant ,
0 19 37 66 24 90
100 15 3 87 32 11
200 16 i 76 28 10
400 22 47 71 32 109
" 800 19 al 8 26 110
1600 17 36 91 27 118

1. Average heiﬁ t of plants of 4 replications of 4 plants each.
2. Average of 4 replications harvested March 10, 1539.

Analysis of Variance

gource |DF | Height

Nov.23 | Dec.28 Tops Roots Tdtal
: -2lant
ﬁﬁ_ﬂy_ﬂ_.ﬁ._ﬁ.ﬁ_ﬁ_ﬁ_. K8
Total 23 484 ﬂ2172 12779 - 11919 19282 :

Treat- 5 |136|27 | 5441109 | 1723| 345| 222 4| 2314| U463
ﬁ:;?iga~ 3| 86|29 ] 675|225 | 3710|1237 1159|386 | 8756] 2919

tions

Error |15 |262|17 | 953| 64 | 7346| u490]| 538| 36| 8212| 547




Table 11.
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Effect of Increasing Amounts of Potassium Dichromate
on the Early Growth and Weight of Peppermint Plants
Produced on Muck Soil (pH 7.0) in the Greenhouse.

Potassium |_Height (Cm)' Weight (Gramg)? |
Dichromate Total
Lbs/A Dec.l | Jan.4 | Tops |Rootg | Plant
o - 12 29 91 | 33 12U
4o 11 28 110 30 140
80 10 27 103 | 31 134
160 10 26 - 78 -2 102
320 9 28 98 | 32 130

1. Average height of plants of U4 replications of
4 plants each. '
2. Avyerage of 4 replications harvested March 10,

1949.

Analysis of Variance

Source

DFL_ Height
Dec.1l Jan. '

8 Roots ~ Total

Total

Treat~
ments

tions
Error

Replica-

19| 73 334 1042 10213
| 591 | 160| 40| 3333 833
31 1| 31|10 | 526| 175| 203| 68| 939 33
12| 38| 3|279| 23 |3u432) 286 679| 57| 5941 | 495

- Top
6322
2364
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Magnesium.... Four replications of applications of magnesium
sulphate of 0, 500, 1000, 2000, 4000, and 8000 pounds per
acre to-a wilt-infested soil (pH 7.3) from Lapeer County were
get up. Table 12 presents the measurements of early plant
growth and the weight of peppermint plants. It is indiocated
that the application of magnesium sulphate up to &000 pounds
per acre had no significant influence upon the early growth

| or the weight produced. However, there is a tendency of
magnesium sulphate up to 2000pounds per acre to increase the
weight of roots while higher applications tend to decrease
their weight. All plants developed characteristic symptoms
of Verticillium wilt.

Zinc.... Four replications of applications of zinc sulphate
of 0, 60, 120, 240, 480, and 960 pounds per acre to a wilt-in-
fested soil (pH 7.3) from Lapeer County were set up. Table
13 presents the measurements of early plant growth and the
weight of peppermint plants. - These data indicate that the
application of zinc sulphate up to 960 pounds per acre had no
significant influence on the early growth or weight produoced.
A1l plants developed characteristic symptoms of Verticillium |
wilt.,

, S8ilicon.... Four replications of applications of sodium
metasilicate of O, 400, 800, 1600, 3200, and 6400 pounds per
acre to & wilt-infested soil of pH 7.3 from Lapeer Oounty were

gset up.- Table 14 presents the measurements of early plant

growth and the weight of pepperuint plants. It is evident
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Table 12. Effect of Increasing Amounts of Magnesium Sulphate
on the Early Growth and Weight of Peppermint
Plants Produced on Muck Soil (pH 7.3) in the
Greenhousse.

Magnesium 1ghtl i e ,
Sulphate .
Lbs/A Apr.15 | Apr.20| Tops| Rocots| Total

Plant

o] 7 L3 247 71 318
500 go 58 eyt &1 | 32
1000 42 61 220| &7 30?
2000 38 56 239 &8 | 327

4000 36 53 227 73 300
8000 34 50 226 67 | 293

1. Average height of plants of 4 replications of 4

plants each.

2. Average of 4 replications harvested May 31, 1949.

Analysis of Variance

Source |DF Apr.lgi ll'K—prffo — Tops Roots Total
0 0 A

Total |23 |1031 1964 7637 5463 10720

T::g:; 5| 147129 283 57 | 2u5k|49L [1498{300( 3793| 759

R:?i;s 3| 22876 636|212 187| 62 | 2186|729 2405| 802

Error |15 | 656] 44| 1045 70| 49961333 | 1779|119 u4s522| 301
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Table 13. Effect of Incoreasing Amounts of Zinc Sulphate on
- the Early Growth and Weight of Peppermint Plants
‘ Produced on Muck S80il (pH 7.3) in the Greenhouse.

1l 2

Zino Height Weight LGramsE

Sulphate Cm . ota
[Apx.20 | Tops| Rootg| Plant

0 32 50 220 80 300

60 36 5 199 78 2%7

120 37 5 185 76 201

240 39 56 196 90 286

480 - 3 52 177 9 276

960 39 54 206§ 1 310

1. Average height of plants of U replications of

4 plants each.

2. Average of 4 replications harvested May 31, 1949

‘Analysis of Variance

Source |DF | e s Tops | Teots | Total
T W 0
Total |23 |790 ) 1390 13886 10402 24027
Treat- | 5 [129| 26| 104| 21 usaz‘ 964| 2786|557| 6347|1277
Rocitead 3 (329(110| 523 (174 | 1680|560| 2895(965| 2734 911
zrror. (15 |332] 22| 763| 51| 7383\u92| 4720|315 18905

9
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that the application of sodium metasilicate up to 6400
pounds per acre had no significant influence on the early
growth of peppermint. However, applications of 6400 pounds
per acre significantly depressed the weight of the tops and
the total plant while applications up to 3200 pounds per
acre had no signifibant effect upon the material produced.
All plants developed characteristic symptoms of Verticillium
wilt.
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Table 14. Effect of Increasing Amounts of Sodium Metasilicate
on the Early Growth and Weight of Peppermint Plants
Produced on Muck Soil (pH 7.3) in the Greenhouse.

2

Sodium Heightl (Cm) Weight (Gramg)

Metasilicatyq Total
L_Lbs/A Apr.15] Aoxr.20| Tops! Roots| Plant
0 - e 50 203 99 02
400 36 E% 198 8 284

800 31 212 9 30

1600 34 50 216 97 31
3200 - 34 EE 2301 93 223
6400 32 150 93 243

1. Average height of plants of U4 replications of

b plants each.

2. Average of U4 repl

Analysis of Variance

ications harvested May 31, 1949.

Source DF.______;gg;ggt — Jl _
Tops Roots Total
|__Apr.15 Apr.20 | Rlant
gs|MS | 867 MS| 88 | WS | SS | Mo[ 89 | M§_
Total |23 | 736 1633 23994 4289 28965
'rrea:-‘ 56/11 | 116| 23| 15302]3060* 333| 67| 165833317+
ngégigap 31 142{47 | 4381146 2402{ 801 |1772]|591 909| 303
on
Error8 15 | 538] 36 | 1079| 72| 6290| 419 |2184|146 | 11473 765
L.8.D. (5%) 31 k2
(1%) 43 58

* gignificant at 5% level.
¢ gignificant at 1% level.
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Field and Laboratory Experimentg

Object

Field plots of peppermint and spearmint were establighed
in four localities to study the effeots of various factors on
yield of plants, oil production, preval@nce of Verticillium
wilt, and the physicochemical constants of the oil.

General Procedure

All piots were handled a8 neaqbas possible as commercial
plantings. At harvest the mint was ocut, weighed, cured, and o
steam‘disttlled in a portable still, the picture of which is
gshown in Plate 8. Thisg still was patterned after a commercial
‘mint still and was designed to operate with steam and water
from the boiler and well of a regular grower's still. The

herb was distilled for at least five minutes after no odor

of oil could be deteoted in steam emitted from & small hole in
the top of the tub when the cork was rémoved. This time varied
from one half to one hour depending on the quantity of steam
admitted and the condition of the crop. The more dry the herb,
the shorter the time required. The oil was collected by
gravity separator over water as is customarily done. At the
completion of each distillation, all oil was removed from the
separator, together with approximately two gallons of water.

This was poured in a large separatory funnel and, after a few

minutes, the greater portion of the water was removed. The re-



Plate 8. Portable Still Used for Distilling Peppermint’
and Spearmint Plots.

maining material (oil, water, and sludge) was taken to the
laboratory, filtered, and the remainder of the water removed.
After weighing the oil from each plot, a four-ounce ground
glass stoppered bottle, cont&ining one teaspoon of anhydrous
sodium sulphate, was completely filled with a sample of the

oil. These samples were then placed in cold storage at

approximately a 40° F. temperature, as recommended by Nelson

(28),until the physiko-chemiocal oconstants were determined.
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ethod ed and Phyeical Congtant Qongtituent
Determined

Specific Gravity... A 50 gram pycnometer with'attached
thermometer was used in determining the specific gravity at’

25° 9. (25/25°)

Optical Rotation... The gpecific optical rotation was
obtained at 25° 0. by means of a 100 mm. tube and a Franize,
Schmidt, and Huensch saccharimeter, using a potassium dichro-
mate golution as a filter for the light source. (This filter
gives a light equivalent to that from a sodium laboratory
arc.) It was necessary to dilute by one-half with ethyl
alcohol each spearmint sample in order to bring 1t‘vithin

range of the saccharimeter.

Refractive Index... This constant was determined with an

Abbé refractometer at 20° 0.

Esterg... The U.8.P. XII method (1) wes used and the esters

were calculated as menthyl acetate.

Total Menthol... The U.8.P. XII procedure and formula (1)
for calculating the percent of menthol were employed.

Menthone... The hydroxylamine hydrochloride method as out-
lined by Baldinger (3) was used.
Carvone... The U.8.P. XII procedure “(1), reading the percentage

of carvone directly from the cassla flask, was employed.



4,

Soil Treatments
‘Fertilizers... In 1947 and 1948 both_peppérmint and spear-
mint were grown on the Muck Experimental Farm in Clinton
County, with four different mixtures of phosphate and potagh
replicated five times on soil with a pH of 6.0 to 6.2.
These treatments had been established in the spring of 1942
and applications of 500 pounds per acre of the respective
fertilizer had been made each succeeding spring. Both pepper-
mint and spearmint had been grown on these"mixtures each year
since that time. Each year the plots were reestablished by
the transplanting of plants in such a way that each parti——— -
cular plot was set to plants obtained from the growth of mint

on that plot the previous year.

Peppermint... In 1947 the peppermint was cut September U4 and
5 and was digtilled September & and 9. The following year it
was harvested August 23 and 24 and was distilled August 25 %o
27. Table 15 presents the yield of foliage and oil for both

1947 and 1948. These data indicate that in 1947 the yleld of
foliage increased gignificantly as the ratio of potash bo
phosphate in the fertilizer rose above 1:1. Thesé results
differ from those of 1948 whén, under different seasonal
weather conditions, there were no significant differences in
foliage ylelds. The additional growth expected from higher
ratios of potash was probably curtalled by restricted rain-
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fall in 1948. Both foliage and oil yields in 1948 were less
than those of 1947. Although thescdata suggesth that, in both
yearé,the o1l yield decreased with inorease in proportion of
potash to phosphate in the fertilizer, a statistical analysis
combining the data of both 1947 and 1948 shows this decrease
was not significant. Table 16 presents the physicochemiocal
constants of the oil produced in 1947 and 1948. These data
indioate that none of these constants were influenced by the
ratio of phosgphate to potash in the fertilizer. The specific
gravity of the 1948 oil was glightly greater and the per-
centage of esters ahd menthol were less. Such differenees
would indicate that the 1947 crop had attained a greater
degree of maturity than the 1948 crop at harvest time,
reble 15. Effects of Different Ratios of Phosphate to Potash
on the Yield of Peppemmint Foliage and 0il Grown in

1947 an% 1948 on Muck 8oil (pH 6.1) in Olinton
County.

Fertiliz-el Mﬁ%&gﬁ_ 011 _ILbs. per acre
500 1bs.per 194/ and 1947 and
acre | 1ou47 | 1948 | o438 | 1947 | 1948 1948

0~20-10 10.6 8.7 9.7 23.3 23.1 3.4
0“'10"10 909 8.7 903 2 06 2100 . 22.8 o
0-10-20 11.1 g.6 9.8 22.0| 20. 21.2
0-10-30 12.0 8.4 10.2 19.1| 20.0 19.6

1. Averages of 5 replications.




Analysis of Variance

T9H7 IR 07 = 1908

Source DF | Foliage | 0il | Foliage] 0il | DF |Foliage 0i
sS { MS ‘ss"ﬁ‘sT"‘"'#ss eﬁ"s 88 M8 8S | M8 —s"s‘ﬁé‘_

Total 19 |126.3 349 20.7 224 39 199.2 592.5

Treatments 3 B.2.6 3.9"J 87|29| 0.3{0.1| 29|10 ¥ | 4.1| 1.4 90.5|30.5
Replications | 4 12.113.0 |116]|29]| 9.6|2.4] 81|20] &4 |15.3| 3.8[106.6(26.6

Years 1 }52.2]52.2] 15.5 15.5
Preat x Year 31 7.8] 2.6] 25.3| 8.4

1 Exrror ] 2.6]0.2 (146{12]10.8{0.9]118|10] 28 [19.8| 0.7|354.6]12.7
L.s.D. (5%) 0.7

(1%) 0.9

*» gignificant at 1% level.
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Table 16. Effects of Different Ratios of Phosphate to Potash on the
sicochemical Constants of Peppermint 0il Pfoduced in 1947 and
on Muck Soil (pH 6.1) in (linton Cyunty.
Fertilizer ecific Gravit Refractive Index
500 1lbs per 1947 &
agre 1948 ' | 1947 | 1948
0-20-10 .9027 1.4619(1.4606
0-10--10 . 9029 1.4619(1.4608
0-10-20 .9026 1.4619(1.u4607
0-10-30 . 9033 1.4620|1. 4607
F ertilizer Egte entho;
500 1bs per 1947 &
acre |_1Qug8 | 1948 11947 | 148 | 1947 | 1944
0-20-10 4,69 7. 21.3| 31.9
0-10-10 h.eb| 7. 21.3| 32.1
0-10-20 4.89| 7. 21.3| 31.6
0-10-30 4.69( 7. 21.6| 32.1

1. Average of 5 replications.




Analysis of Variance

Specific Gravity

3

“‘Source DF 1947 1948 DF] 1947 & 194
88 M8 88 MS S8 M8 g
x10-7 | x10-7 xlO"ii x10~7 =8| x10-% |
Total 19| 40 57 39|1151
Treatments E 9 3 14 4 R 133 | 44
Replications 15 5 1 131 | 33
Years - _ 1| 186 | 186
Treat x Years 31 36 6
Error 12| 16 1 38 3 28| 665
Specific Qptical Rotation
Source DF __LQ&ZE_____;LQEQ____A‘ DF y 1
‘ BS | MS | 33 | M8 S MS
Total 19| 10.1 14.0 39| 344.5
Treatments z 0.3] 0.1} 1.2} 0.4 E 1.2| 0.4
Replications 6.6/ 1.610.8| 2.7 9.3 2.3
- 4
Trent x Y | 3 328'3 350
reat x Years . .
Error 12 3.2 0.3| 2.0} 0.2 28 13.3| 0.5
Refractive Index:
Source DF 1947 1948 DF| 1947 & 194
ﬁﬂjg_Juﬁ,s <§§7 <H§7 S&é Jﬂ%g_
. x10~°{ x10™ 0~ x10™ x10™9 x10™
Total 193 L :§9L6.—-—-———§- 75 3 E—
Treatments a 0 0 1l 0 2 3 1
Replications 9 2 20 5 82| 20
Years 111475 1475
Treat x Years ' 3 & 3
Error 12| 20 2 77 6 28| 215 8
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Esters
Source DF DF
y7 1948 1947 & 1948
_MS 88 | MS
Total 19 | 8.70 3.5 39
Treatments ﬁ 0.02| 0.2 0.1 i
Replications 1.87| 2.4 0.6
Years 1
Tyreat x Years 3
Error 12} 1.18/0.10{ 0.9 0.1] 28
" Totaﬁsuenthol "
Source DR 19 1 | DF| _1947 & 19438
R S EE 5|
Total 19| 43.6 93 3911168.3
Treatments E 1.8| 0.6 2 1 a 0.5
Replications 2.4l 6.4 T 18 66.0
Years : 1 1031.@
Treat x Years 3 3.8
Error 12| 16.4} 1.4 20 2 28 66. 4
. Menthone ,
Source DF 1947 1948 DF| 1947 & 1948
U3 33 [ U3 —%EL—“B'Q—
Total 19 4 79.4 3
Treatments Z .31 0.1 0.8f{ 0.3
Replications 2| 3.3 162.3] 15.6
Years
Treat x Years
Error 12} 13.9{ 1.2 {16.3}| 1.4 2

N
A,‘é.
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Spearmint. .. In 1947 the spearmint was cut August 25 to 27
.and was distilled August 228 to September 2. The following
year it was harvested August 16 to 18 and was distilled
August 19 to 21. Table 17 presents the yield of foliage and
o1l for both 1947 and 1948. 1In both years foliage and oil
yields decreased as the amount of potash in the fertilizer
increased. This decrease was not significant in 1948. How-
ever, the 1947 and the 1947 and 1948 data combined indicate
that the ratio of phosphate to potash of 2:1 produced signi-
fiocantly more foliage that the other ratios and the decrease
in o0il yields was significant when the ratio exceeded 1:1.
As with the peppermint both foliage and oll yields in 19L&
were less than those of 1947 which was undoubtedly due to re-
stricted rainfall. Table 18 presents the physicochemical
constants of the oil produced in 1947 and 1948. These data

indicate that none of these constants wexs influenced by the
ratio of phosphate to potash in the fertilizer. The specific
gravity and refractive index of the o0il were slightly greater
and the specific optical rotation and the percentage of ocar-
vone slightly less in 1947 than in 1948. Such differences are
undoubtedly due to differences in the maturity of the crop at

harvest.
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Table 17. Effects of Different Ratios of Phosphate to Potash on the Yield of

Spearmint Foliage and 0Oil G

(pH 6.1) in Clinton County.

fown in 1947 and 1948 on Muck Soil

Fertilizer Foli Tons per acre| Oil Lbs per acre
BOO 1bs. per 1957 - 1947 ]
acre 1947 |1948 | and 1948 | 1947 | 1948 | and 1948
0-20-10 11.3 5.0 8.1 35.0[ 26.2 30.6
0-10-10 9.9 §.4 7.2 33.7 1 20.7 27.2
0-10-20 9.l 4.3 7.0 27.6]18.2 22.3
0-10-30 9. 4.0 6.7 26.1| 18.8 22,
1. Averages of 5 replications
Analysis of Variance
Source oF 44l 01 F 1119us Oiﬁ DF F 11947 - 0i
(s) e o) e 0 1
88| NS 83 88 ¥3
Total : 19| 29 1794 12.6 556 39| 363.1 3274
Preatments Z 10| 3*| 293 9& .0l1.0{200({67 a 11.8 3.9"ﬁ u.gz 150%
Replications % | 10| 2 [1307|327 .3(1.1{102(25 11.9| 3.0 | 804|201
Years 1| 321.5 }21.2 924| 924
Treat x Years 3 1.1} o. 4yl 15
Error 12| 9} 1 | 194 16 | 5.3{0.4]25421 | 28| 16.8| 0.6 |1053| 38
T.8.0D. Gil 1.3 5.6 " 0.8 5T
(1%) 1.8 7.8 1.0 7.7
* gignificant at 5% level
** gignificant at 1% level
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Table 18. Effect$ of Different Ratios of Phosphate to Potash
: on the Physicochemical Constants of Spearmint 0il Pro-
duced in 1947 apd 1948 on Muck Soil (pH 6.2) in
Clinton County.

Fertilizer cl avit ecific tica

500 1bs. per , 9 - 19
gore 1947 | 1948 |and QU8 | 1947 | 1948 |and 1048
0-20-10 92771 .9277 .9277 | -56.6| -K7.8| -57.2
0-10-20 .9287| .9281 .928 -56.9| -58.2| -57.
0-10-30 .9280| .9277| .9278 | -55.9| -57.6| -56.7

Fertilizer Refractive d

500 1bg. per 1947
acre 1947 | 1948 |and 1948 | 1947 | 1948 |and 1948

0-20-10 1.4888!1.4886| 1.4887 67.4| 68.4 67.9
0-10-10 1.4891(1.4887| 1.4889 67.8 67.3 -2
0-10-20 1.4891(1.4891| 1.4891 67.9| 648. 68.1
0-10-30 1.4892({1.4887 | 1.4890 66.7| 68.1 67.4

&Tﬁ Averages of 5 replications.

Analysiévof Variance

DF 1 ‘ 1 — D;aVi:

’ nd 1
Source Z 6._§§_3§§.ns___ _ggEZ_é:;;:§E§:.

, - 10~° |x 10 1x 10=7|x 10~7 x 1077z 1077

Zotal 19 36 225 39 611
Treatments z 3 1 16 5 R 32 11
Replications 12 3 69 17 114 29
Years 1l 21 21
Treat x Years 3 11 37
Error 12| 21 2 |14 | 12 2% | 433 | 15




| pF Specific Optiocal Rotation
Source T ToIE T oF | 195 E—
S3 | MS S8 MS 38 us
Total 19 | 20 6.0 39| 48.4
Treatments R 311] 0.9 0.3 i 3.3 1.1
Replications 5({1 | 1.4} o0.4 0.8 0.2
Years 1| 21.6 | 21.6
Treat x Years ) 3 0.6 0.2
Error 12 |12} 1| 3.7 0.3 | 28| 22.1 0.8
Refractive Index
gource DF | DF
194 1948 1947 and 1948
g US | 88 4 WS _98518 N
210 -] x10~8| x107°| x10-8 x10~5| x10-9
Total 19 189 204 39 |44
Treatments z u7 16 4e 15 z 89 29£
Repliocations 2 o} 2 o 1
Years 1| 50 500
Treat x Years 3| 12 4o
Error 12 | 140 12 | 156 13 28289 103
¢ arvone
Source DF DF
| 1947 1948 1947 and 1oug
- M3 | 88 | MS M8
Total 19 72 20.2 391101.3
Treatments a 1 0.6| 0.2 z 2.6] o0.8
Replications Yy 11 7.4 1.8 41.1{ 10.3
Years 1l 5.7 5.7
Treat x Years 3 E.E 0.8
Error 12| 27 2 |12.2| 1.0 |28 usg. 1.8
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Heavy Fertilization.... In 1948 there was included with

the minor element treatmentaon peppermint in Lapeer County
one treatment of a ton of 0-10-20 fertilizer per acre in
addition to the original fertilization of 400 pounds per
acre of a 3-9-18. These data are found in detail in
Tables 26 and 27. Table 19 presents the average wilt
count, ylelds of foliage and oil, and physicochemical con-
stants of the 0il of the heavily fertilized plots with the
averages of all the other plots. Although practically as
many of the plants receiving the heavy rate of fertiliza-
tion were infected with Verticillium wilt as with the lower
rate, the former were infected to a much less degree and
made a markedly greater growth, as shown by these data.
Yields of plants and oil were significantly increased by
the applioétion of 2000 pounds per acre of 0-10-20. None
of the physicochemical congtants were significantly in-
fluenced. However, these data suggest that the percentages
of both the-esters and the total menthol were decreased by
the large application of fertilizers.

Minor Elements.... In 1947 and 1948 six sets of plots were

established to which were added various minor elements.
Salts of these elements were mixed with enough muck to
secure a volume large enough to broadcast uniformly by hand
over the entire plot area and then carefully cultivated in-

to the soil. Whenever a potassium salt of an element was
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added, enough potassium chloride was added to the other

plots so each received the same amount of potassium.

Table 19. Comparison of Wilt Count, Yield of Peppemmint
Plants and 0il, and Physicochemical Constants
of Plots Receiving a Large Fertilizer Applica-
tion with Other Plots in Lapeer County.

Additional | No. plants Foliage 0il | Specifiec
fertilizer | showing wilt T/A Lbs/A Gravity
_applied | gymptoms
2000 Lbs/Al
0-10-20 29 | 5.3 25.3 . 9041
None 2 | 31 4.1 19.1 . 9045
Additional | Specific| Refractive % 4 %
fertilizer Optical Index Estere | Menthol | Men-
applied tation thon
2000 Lbe/Al| -29.6 1.4619 g.57 67.49| 12.5
None -29.7 1.4620 9.48 68.91] 12.2

1. Averages of 4 plots.
2. Averages of 28 plots.

Experiment 1

Treatments.... Seven minor elements were applied June 29,
1947 to muck soil of pH 6.2 on the Muck Experimental Farm
in Clinton Oounty. The form of application and the amounts
used appear below, while the combination of minor elemeénts,

applied in triplicate, are given in Table 20
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Table 20. Effects of Various Minor Elements on the Yield
of Peppermint Foliage and 0il Grown in 1947 on
Muck Soil (pH 6.1) in Olinton County.

Treatment Foliage Tons peL 0il Lbs. per
acre acre
T T T IT{IIT|Wean| Y | II | IIT[Wean
Nothing 10.8| 7.7|8.3|8.9 | 39.4* 24.8|22.8|29.0
Zn 11.1] 8.2 7.3 8.9 31.9* 22.1 22.3|28.4
Cu 1°‘ﬁF1°'6 7-419.3 | 34.0* 34.8]23.1|30.6
Cu, 2n 9.4 10.8/7.6/9.3 32.4* 37.2{25.6|32.7
Cu, 2Zn, Iy 9.7/10.8[9.1{9.9 | 34.1* 32.9 29.0(33.0
Cu, Zn, Ip 9.7/10.116.5|8.8 |34.3% 34.7(22.2|30.4
Cu, 2n, I;, Cr |10.0| &.8]9.9|9.6 | 35.0%| 32.3|24.6|30.6
Ou, 2n, I, BL | 8.9| 8.7|9.2|8.9 |35.2+ 32.8 22.6 31.2
Cu, 2n, I, Br| 8&.7/10.5{9.2(9.5 |33.2 | 30.8|24.8/29.6
Cu, Zn, I, F g.8/10.5/8.6|9.3 |30.1 | 32.9|23.9{29.0

* These plots were cut three days after the other plots
because an exceedingly heavy rain stopped harvesting
operations. :

Analysis of Variance

Source DF Foliage 011

S8 M8 88 M3
Total 29 |#1.0 8
Treatments 9 3.2 0.4 6 7
Replications 2 |12.3 6.2 590 295
Error 18 | 25.5 1.4 191 11
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Element Lbs. per acre of | Form applied
‘ compound
applied
Zino 50 Zino sulphate
Copper ‘ 50 Copper sulphate
Iodine 1 3 Potagsium iodide
Iodine 2 6 u "
Silicon 100 8odium metagili-
. cate
Bromine , 3 Potassium bromide
Fluorine 1 ; Sodium fluoride
Chromium - . 50 Potassium di-
chromate

Peppermint plants were transplanted i= June 27 and
June 28. 250 pounds of 0-10-20 commercial fertilizer was
applied aé a sidedressing July 8. The orop was out September
8 - 13 and was digtilled September 13 - 16.

Yields.... Table 20 presents the yield of foliage and oil.

These date indicate that none of these minor elemenfs in-

fluenced the yield of the fgliage or the oil.

Physicochemicsl GQonstants.... Table 21 presents the physico-
chemiocal constants of the oil producedi It 1is evident that

these minor elements did not influence these constants.
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Effects of Various Minor Elements on the Physicochemical C onstants of

Teble . Peppermint 041 Produced in 1947 on Muck Soil (pH 6.2) in Clinton County.
Treatment Specific Gravity *:‘ Qptical Rotation
I II 111 Mean I II III Mean
Nothing 0..9024# } 0.9036 | 0.2037 | 0.9032 | =21.9*|-24,1| -24.3 |-23.4
0.9021* | 0.9033 | 0.903%4| 0.9029 | —22.0%| ~2L.3| -24.3 |-23.5
Cu 0.9022* | 0.9035 | 0.9036 | 0.9031 | -21.5%| -23.7| -25.3 |-23.5
Cu, Zn 0.9022* | 0.9036 | 0.9040| 0.9033 | -22. 0% -2k, 4| -24.9 (-23.8
Cu, Zn, II. 0.9027* | 0.9035 | 0.9041 | 0.9034 | -20.9*| =24.2| -24.6 [-23.2
Cu, Zn, I, 0.9023* | 0.9033 | 0.9034 | 0.9030 | -21.9%| =24.2| -24.5 -23.5
Cu, Zn, Iy, Or | 0.9024 | 0.9032 |0.9031| 0.9029 | ~21.1%-2u.4| 24,4 |-23.3
Cu, Zn, Iy, Si | 0.9027*} 0.9039 |0.9031| 0.9029 | —22.0%|-24.4| —24.4 |-23.6
Cu, 2n, I, Br 0.9036 0.9038 | 0.9034| 0.9036 | =24.0 |-24.2| -24,0 [|-24.1
ou, 2n, I, F | 0.9032 | 0.9038 | 0.9036| 0.9035 | -24.2 | -2k 4| -23.7 [-24.1

"

Plots from whioh this o0il was produced were @ut three days after the other
plots because an exceedingly heavy rain stopped harvesting operations.
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Table 21. Coantinued

Treatment Refractive Index % Esters

1 11 III | Mean I | IT | III|Mean
Nothing 1.4612%| 1.4609]1.4605(1.4609 | 4.93*|8.91(8.58(7.47
Zn 1.4608% 1.4608|1.4606(1.4607 | 4.77*|8.88(8.80(7.48
Cu 1.4604% 1,4610{1.4608|1.4607 | 4.47+|6.62|9.20(6.76
Cu, Zn 1.4605%| 1.4612|1.4606(1.4608 | 4.52%| 7.08|9.32|6.97
Cu, 2n, I 1.U4605%| 1.4609 1.46071,4607 4.51%7.31|8.83|6.88
Cu, 2n, Io 1.4601%| 1.4609|1.4608|1.4606 | 4.82% 7.00/8.92|6.91
Cu, Zn, I3, Or |1.4604%[1.461111.4599/1.4605| 4.66%|7.15|8.90/6.90
Cu, Zn, I3, St |1.4607%1.4610]1.4604{1.4607 | 4.96%|7.34|8.36|6.89
Cuj zn, I, Br |1.4611 [1.4607|1.4605/1.4608 7.06 9.00 8.26(8.11
Cu, Zn, I, F 1.4611 |1.4607]1.4605]1.4608 ) 7.24 | 9.05|4.11| 8.13

* plots from which this oil was produced were cut three days after
the other plots because an exceedingly heevy rain stopped

harvesting operations.
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Table 21. Continued

Treatment % Total Menthol % Menthone

I II III | Mean I II II1I | Mean
Nothing 50.62*|55.42| 54.92| 53.65 | 28.6%|27.7 | 29.1 | 2&.5
Zn 50.57*|55.7%| 56.20| 54.17 | 30.4%|27.0| 28.2 | 28.5
cu Ug.61%|56.40| 55.74| 53.92 | 31.6*|25.6| 27.1 | 28.1
Cu, 2n 49.72*|56.55| 55.87 | 54.05 | 31.0%|2U.6 | 26.2 | 27.3
Cu, 2n, I 49.07*|57.08| 56.44 | 54.20 | 33.9%|25.5| 26.9 | 28.8
Cu, 2n, Iy 50.47+|57.39| 54.80| 54.22 |31.1*|24. 4| 27.6 | 27.7
Gu, zn, Iy, Or  |49.33%|57.43| 54.16 | 53.64 |31.9¢|24.7 | 28.0 | 28.2
Cu, Zn, I, Si 51.34+|57.32| 53.62| 54.09 | 30.1*|24.7 | 29.2 | 28.0
Ou, Zn, I,, Br 60.86 |55.36 | 53.43 | 56.55 |24.6 |27.6| 29.2 | 27.1
Cu, Zn, I3, F 58.10 |55.90| 53.98 | 55.99 [25.1 [26.9] 29.2 | 27.1

* Plots from which this oil was produced were cut three days after
the other plots because an exceedingly heavy rain stopped harvesting

operations.
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Analysis of Variance

Source DF |Specific Optical | Refractive
Gravity | Rotation Index
88_7 MS SSs | MS 88 M3 %
107/ x 1077 X 107° x 10~8 |
Total 29 ol 45.1 270
Treatments Z 20 2 2.3 0.2 20 2
Replications 56 28 32.01{16.0 67 34
Error 18 18 1 10.8) 0.6 183 10
gource DF Ester Menthol Menthone
83 MS SS | MS 88 M8
Total 29 87.6 270 184
Treatments 9 7.3} 0.8 26 3 10 1
Replications| 2 67.5 (33.8 104 | 52 79 40
Error 18 12.8 | 0.7 140 8 95 5
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Table 22. Effects of Various Minor Elements on the Yield

of Peppermint Foliage and 0il Grown i& 1948 on
Muck Soil (pH 6.0) in Clinton Oounty.

Treatment Foliage 01l
2/A Lbs./A
Cu 5.4 21.2
Cu, Zn ,5.3 22.9
Cu, Zn, Mo 5. 20.0
Cu, Zn, Il 507 24.4
GU., Zn, IE 503 21.”‘
Cu, Zn, Br 5.6 22.6
Cu, 2Zn, F 2.6 23.2
Cu, Zn, Cr .9 28.1
Cu, Zn, 81 6.1 25.8

1. Averages of 3 replications.

Apalysis of Variance

Source DF | . Follage _%11
g8 M8 g8 Ks
Total 26 38.0 662
Treatments & 6.2 0.8 152 19
Repliocations| 2 1.2 0.6 b 22
Error 16 30.6 | 1.9 466 29
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Experiment 2

Treatments. .. Eight minor elements were applied June 17,
1948 to muck soil of pH 6.0 on the Muck Experimental Farm in
Clinton County. The form of application and the amounts
used appear below, while the combination of minor elements,
applied in triplicate, are given in Table 22. Peppermint
plants were transplanted June 10. 250 pounds per acre of
0-10-20 commercial fertilizer was applied as sidedressing
June 24. The crop was ocut August 30 and 31 and was distilled
September 1 to 3.

Element Lbs. per acre Form Applied
of compound appiied
Zinc 50 Zinc sulphate
Copper 50 Copper wul-
phate
Iodine ‘1 2 Potassium iodide
Iodine 2 Potagsium iodide
Silicon 100 Sodium meta-
silicate
Bromine 3 Potassium bro-
: mide
Fluorine , 1 Sodium fluoride
Chromium _ 50 Sodium di-
‘ - chromate
Molybdenum 3 Ammonium molyb-
date

Yields.... Table 22 presents the yield of foliage and oil.
There 1s no indication from these results that the applica~

tions of the minor elements influenced the yields of foliage
or oil.
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Physiocochemical Constantg.... Table 23 presents the physi-
cochemical constants of the oil produced. It indicates
that these conetants were not- significantly influenced by
_the minor elements used. There 1s, however, a suggestion
that the percentage of ester and total menthol was incoreased
and that theX percentage of menthone was decreased by the -
application of iodine.

Table 23. Effects of Various Minor Elements on the Physico-

chemical Constants of Peppermint 0il Grown in
1948 on Muck Soil (pH 6.0) in Clinton County.l

Treatment | Specifid Specific| Refrae-| % % %
Gravity | Optical tive | Esters| Total | Men-

Rota.gionr Index Menthol! thope
Cu +9039 -22.5 1.4618 | 6.03 | 52.83 | 25.9

Cu, 2n .9039 | -22.2 |1.4619 | 5.52 | 52.23 | 26.9
Cu, Zn, Mo|.9036 |-22.4 [1.4617 | 5.60 | 51.76 | 27.1
Cu, 2n, I | 9042 |-22.8 |1.4616 | 6.03 | 55.48 | 25.2
Cu, Zn, Io{.90H1 |-23.1 |1.4617 | 6.17 | 54.15 | 25.2

¢ u,2Zn, Br|[.9035 |-22.6 |1.4615 | 5.48 | 54.07 | 26.9
Cu, 2n, F |.9047 -22.5 1.4616 | 5.84 | 53.72 | 26.6
Cu, 2Zn, Or|.9035 |-22.8 |1.4614 | 5.63 | 53.87 | 25.8
Cu, Zn, 8i|.9040 |-22.1 |1.4617 | 5.49 | 52.34 | 27.3

1. Averéges of 3 replications.




65.

Apnalysis of Variance

OF Specifign Optical Ref.
Source Gravity o Index
88 M8 Egj MS 88 )
1 107 -8 -8
X 1077 0 x 10 1 x 1077 |
Total 26| 110 14, 247
Treatments | &| 36 4 2. O.z 52 7
Replications| 2 26 13 4.8l 2 1
Error 16 4g 7.0 0.4] 192 12
Source DF Egter enthol Menthone
‘ 88 M3 8sluM8| 8s S
Total 26| 2.96 224 66
Treatments 8| 1.70}0.21 34 17 2
Replications| 2| 0.01] 0.00 66 | 33 13 6
Error 16| 1.25}0.08 | 124 36 2
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Experiment 3

Treatments.... Five minor elements were applied June 19,
1947 to muck soil of pH 6.9 in Lapeer County. The form of
application’dnd the amounts used appear below, while the
combination of minor elements, applied in duplicate, are

given in Table 24.

Element Lbs. per acre Form Applied

.of compound

applied

Copper 50 Copper sulphate . I
Zinc 25 Zinc sulphate
Iodine 1 3 Potassium iodide
Iodine 2 6 Potassium iodide
Strontium 0] Strontium chloride
8ilicon 50 Sodium metasilicate

These treatments were applied to meadow mint two years

old. U450 pounds of 3-12-12 commercial fertilizer had been

applied in May. The crop was cut August 21 to 23 and was
distilled August 23 and 24, |

Yields.... Table 24 presents the yleld of foliage and oil.
These data indicate that these yields were not influenced

by the minor elements.

Physicbchemical Congtants.... Table 25 presents the physi-
cochemical congtants of the oil produced. It is evident |
that these constants were not influenced by the minor ele-

ments used.
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Table 24. Effects of Various Minor Elements on the Yield
: of Peppermint Foliage and 0il Grown in 1947 on
MucK Soil (pH 6.9) in Lapeer County.

Treatment Foliage 01l
T/A Lbs.fA
Nothing 5.2 27.2
Cu 5.2 29.8
Cu, 2n g.s 32.3
Cu, Zn, I3 .0 31.2
Cu, Zn, Io 6.4 34.8
Cu, 2Zn, I3, Sr 6.8 34,7
Cu, 2Zn, I;, 81 6.5 34.0

1. Averages of 2 replications

Analysis of Variance

Source | DF oliage 0il -
S8 M8 88 M8
Total 13 | 13.3 22
Treatments 6 E.O 0.8 9 16
Replications 1 5 4.5 100 100
Error 6 3.8 0.6 31 5
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Table 25. Effects of Various Minor Elements &n the Physico- -

chemical Constants of Peppermint 0il Produced in
1947 on Muck Soil (pH 6.9) in Lapeer County.

Treatment |Specific| Specific|Refrac-| % % %
Gravity| Optical| tive .Estersf Total Men-
gotatiggJ Index Menthol| thone |

Nothi . 9008 -29.2 |1l.4624 | 6.56 | 55.18 | 23.0
Cu e . 9010 -28.8 |[1.4633 | 6.50 | 56.56 23.0
Cu, 2Zn .9007 -29.2 |[1.4626 | 6.29 | 55.60 | 23.0
Cu, 2n, I1| .9005 -29.1 [1.4628 | 6.20 | 5U4.56 | 22.8
Cu, Zn, %2: . 9005 -29.0 [1.4621 | 5.76 | 54.38 | 25.0
Cu, Zn,

’Srn b - 9003 -28.9 [1.4623 | 5.76 | 54.26 | 24.7
Cu, 2n, I .

‘gt ” ] .g002 | -29.4 |1.4626 | 5.99 54,20 | 23.6

1. Averages of 2 replications.

Analysis of Variance

Source DF ecific Gr. Op.Rot. Ref. Index |
38 7 MS_7 S8 MS | 88 M8
x 10~ 0 x 1077 x 1077
Total 13 19 2.82 24
Treatments 6 10 2 0.5 0~°Z 18 3
ReplicationsA 1l 1 1 |[0.04] 0.0 1 1
Error 6 8 1 |2.25| 0.38 5 1
Souree DF Ester Menthol Menthone
"85 | M8 89 | MS| 88 ]
Total 13| 3.0 14.0 12.7
Treatments 6| 1.3 0.2 9.2 1. 8.9 1.5
Replications| 1| 0.7 0.7 1.7( 1.7] 0.0 0.0
Error ' 6| 1.0 0.2 3.1 O 3.8 0.6
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Experiment Y4

Treatments.... The following seveﬁ treatments and one
control, all replicated four times, were applieé May 18,
1948 to muck soil of pH 6.8 in Lapeer County. The form

of application and the amounts used appear below.

Element Lbs. per acre of Form applied
compound applied
Molybdenum 1 6 - Ammonium molyHdate
Molybdenum 2 3 Ammonium molybdate
Iodine 1 6 Potassium iodide
Iodine 2 10.7* Thymol iodide
Cobalt 20 Cobalt sulphate.
Strontium 100 Strontium chloride
7 2000 0-10-20 fertilizer

* Supplies an amount of iodine equivalent to that

supplied by the potassium iodide.

Peppermint rootstalks were deeply planted May 7. Four
hundred pounds per acre of 3-9-18 commercial fertilizer was
applied broadcast. Counts of plants showing symptoms of
Verticillium wilt were made August 26. The plots were cut
September 10 and 11 and distilled September 13 and 14.

Wilt Counts and Yiéyig.... Table 26 showe the number of
plants showing symptoms of Verticillium wilt and the yield
of foliage and oil. It is evident that none of the treat-
ments influenced the number of infected plants. Although
as many of the plants which received the heavy rate of fer-

tilizer were infected as with the lower rate, the former
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were infected to a much less degree and made a markedly
greater growth. None of the minor elements influenced
plant or oil ylelds. The effect of the heavy fertilized
application is discussed on page B4

Physicochemical Constants.... Table 27 presents the phy-

sicochemical constants of the oil produced. There is no.
indication from these results that these constants were in-
fluenced by the minor elements used. The influence of the

heavy application of fertilizer is discussed on page B¥ .,

Experiment 5
Treatments.... The following seven treatments and one

control, all replicated twice, were applied June 9, 1948 to
muck soil of pH 4.0 in Calhoun County. The form of appli-

cation and the amounts used appear below.

Element Lbs. per acre Form Applied
applied

Manganese 100 . Manganese sulphate

Copper 1 76* Black copper oxide —

Copper 2 100 Copper sulphate

Zinc 50 Zinc sulphate

Boron 50 Boric acld

Molybdenum 6 Ammonium molybdate

* Supplies an amount of copper equivalent to that
supplied by the copper sulphate.
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Table 26. Effecte of Various Minor Elements and Applica-
tions of & Larxge Amount of Fertilizer on the
Number of Plants Showing Symptoms of Verticillium
Wilt and on the Yield of Peppermint Foliage and
0il Grown in 1?48 on Muck Soil (pH 6.8) in
Lapeer County.
Treatment No. Plants | Foliage 0il
showing wilt
symptomsg T/A Lbs/A i
Nothing 31 4.0 20.3
Moq 31 4. o 17.l
Moo 31 4.0 18.
Moz, I 26 4,2 20. 4
Moo, 12 32 4.2 20.0
Mop, I, Co 32 4.0 18. 4
Moo, I, 0~10-20 29 2.3 25.3
Moz, 8r 32 .2 18.6
1. Averages of 4 replications.
Analysis of Variance
Source DF Infected Foliage 0il
Plants _
§3] 8 _¥S 88 M8
Total 31 | 3914| -~ |10.0 292
Treatments 7 14 20 | 5.8] 0.8%%| 160 | 23%*
Replications| 3 K501 183 | 1.0} 0.3 Ll 1
Error 21 32211 153 | 3.2}] 0.2 127 6
L.S.D. (5%) 0.6 3.7
(1%) 0.8 5.0

** Significant at 1% level.
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Table 27. Effects of Various Minor Elements and Applice-~
tions of a Large Apount of Fertilizer on the
Physicochemical Constants of Peppermint 0il
Produced in 19%8 on Myck Soil (pH 6.8) in
Lapeer County. -

Treatment Epecifid Specific| Refrac-| % %
Gravity] Optical| tive | Esters| Total | Me
o jon! Inde enthol] thon
Nothi . 9045 -29.6 |[1l.4621 9.58 68.60 |11.8
Moy ne .9046 -29.6 |1.4620 | 9.26 69.24 |12.7
NS, 1, |io0Mh | Ceo.y |Luese | 233 | 6535|323
uO . - . . . . .
uog: Ié . 90U -29,9 |1.4620 | 9.56 | 69.52 [12.0
ﬁoz, %1, Co| . 9046 -29.9 |1.4620 | 9.62 9.10 {11.8
(¢}
§.x0%%0 |.oom1 | -29.6 1.4619 s.ﬂ 67.13 12.5
Mop, Sr . Q044 -89.8 |1.4618 | 9. 68. 12.1
| IS

1. Averages of 4 replications.

Analysis of Variance

Source DF apggifio Gx. Oop. Bpt Ref. Index
' 8 M8 88 MS 88 Ms
x 10-7| x 10~7 x 10~7 |x 107
Total 31 34 12.3 22
Treatments 7 12 2 0.7 |1 0.1 2 3
Replicationg 3 4 1 3.8 l.z 9 30
Error j?.l 18 1 7.8 1o0. 11 5
Source DF Egtexr Menthol Menthone ,
S8 us 88 MS S8 MS -
otal 31 9.09 56.0 104.7
Teatments 7! 3.15 (0.45 1] 10.9 | 1.6 3. 0.5
Replications| 3| 0.23 [0.08 | 27.8 | 9.3 20.% 6.8
Error 2l 5.71 2.72 | 17.32 | 0.8 81.1 3.9
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Peppermint rootstalks were planted in May. Five tons
per acre of a finely pulverized dolomitic limestdne was
applied June 2. 700 pounds per acre of 3-9-18 commercial
fertilizer was applied broadcast June 9. The plots were
cut September 1 and distllled September 3. Plants from
duplicate treatments were combined for distilling.

Yields of Plants and O;l;..Q Table 28 presents the yield

of foliage and oil. These data indicate that none of the
minor elements influenced yields of foliage. There is,
however, an indication that the oil yield was increased by
copper, boron, and molybdenum whereas zinc tended to de- —

crease it.

Physicochemical Constants.... Table 29 presents the phy-

gicochemical constants of the oil produced. These data
suggest that boron and molybdenum decreased the specific
gravity, optical rotation, and percentege of esteie and
total menthol and inéreased the percent of menthone. It
also suggests that mangénese, copper, and zinc increased
the optical rotation and percentage of esters and of total

menthol and decreased the percentage of menthone.
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Table 28. Effects of Various Minor Elements on the Yield

of Peppermint Foliage and 0il Grown in 1948 on
Muck Soil (pH 4.0 Brought up to pH 5.6 with
Lime) in Calhoun County.

Treatment Foliage1 0i1l
Lbs/4
Nothing 3.1 13.2
Mn 3.2 12.6
Mn, Ony 3.0 16.8
Mn, Cup 3.0 15.5
Mn, Cup2, Zn %.2 13.1
Mn, Cup, Zn, B .0 16.3
Mn, Cup, 2Zn, B, Mo| 3.0 19.6
Cup 2.8 15.8
1. Average of 2 replications.
-Analysis of Variance of Foliage
Source DF S8 M3
Total 15| 1.8
Treatments T 0.2 0.0
Replications 11} 0.7 0.7
Error ‘ 7 0.9 0.1

Table 29. Effects of Various Minor Elements on the Physi-
cochemical Constants of Peppermint 0il Produced
in 1948 on Muck 80il (pH 4.0 Brought up to pH .

5.6 with Lime) in Calhoun County.

Treatment ppecific|Optical | Refra % % %
- ravity [ Rotation +tive | Esters|{ Total | Men-
Index nthol | thone
Nothin . 9048 -25.5 | 1.4626 | 7.62 | 56.43 | 21.7
Mn 8 . 9046 -27.0 | 1.4628 | 8.35 | 57.51 | 20.1
Mn, Cujg . 9040 -27.6 1.462§ 8.3 | 58.20 | 18.7
Mn, Cug . 9037 -28.9 | 1.4636 | 8.37 | 58.71 | 16.9
Mn, Cup, 2Zn{.9045 -28.2 | 1.4637 | &.44 | 57.19 | 18.3
Mn, Cua, Zni
B . 9032 -27.6 |1.4632 | 7.39 | 57.57 | 19.5
Mn, Cup, 2Zn4
’s, 1o 1.9029 [-27.6 |1.463% | 6.88 | 54.79 | 20.0
Cug .9036 |-27.8 1.4632 | 8.06 | 56.80 {~17.8
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Radioactive Material (Alphatron)

Thie experiment was designed to study the effect of
alphatron upon the incidence of wilt symptoms, and foliage
and oil yields of peppermint. June 28, 1948 there was es-
tablished in Lapeer County a set of twelve plots with three
treatments involving a commercial radioactive material (al-
phatron) supplied by the United States Department of Agri-
culture. This material was said by the manufacturer to have
an alpha ray digintegration rate of eight million per pound
per second, largely from actinium. Dolomitic limestone was
the carrier material and constituted more than 99% of its
welght. These plots adjoined the minor element treatments,
hence, the peppermint was planted and haendled in the same
manner as those plots. (See page 69). The treatments were

as follows.

Pounds per acre Materlial
Check 20 Dolomite
Alphatron 2 10 each Dolomite and
radioactive mate-
- rial
Alphatron 4 20 Radioactive
material
Wilt Count and Foliage and 0il Yields.... OCounts of plants

showing symptoms of Verticillium wilt were made September 11.
Table 30 shows the number of infected planté and the foliage
and oil yields. It is evident that alphatron had no signi-
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ficant effect upon the incidence of symptoms of the
disease or upon peppermint foliage or oll yields.

Physicochemical Ogonstants.... Table 38 presents the phy-
sicochemical constants of the oil produced. These data

show alphatron applications had no effect on these cons-

tants.

Tgble 30. Effect of Alphatron on the Number of Plants
Showing Verticillium Wilt Symptoms and on the
Yield of Peppermint Foliege and 0il Grown inl
1948 on Muck Soil (pH 7.8% in Lapeer County.

hreatment No. Plants | Foliage 0il
with Wilt T/A Lbs/A
Symptomg
Check 32 2.7 18.
Alphatron 2 26 .0 20.
Alphatron 4 31 3.8 21.2

1. Averages of 4 replications.

Analysis of Variance

Source DF | Wile __Foliage 0il1
g8 Ms | ss | Ms | ss | us -
Total 11 2342 2.5 43
Treatments 2 6 32| 1.0 { 0.5 | 18
Replications | 3 379 | 126 | 0.1 | 0.0 y 1
Error 6 1902 | 317 | 1.5 [ 0.2 | 19
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Table 31. Effect of Alphatron on the Physicochemical
Congtants of Peppermint Oil Grown in 1948 on
Muck Soil (pH 7.0) in Lapeer County.
Treatment | Specific|Optical|Refrac-~ % % %
Gravity | Rotation tive | Esterg Total | Men-
Index enthol| thope
Chiack . 9040 -29.6 |1.4618 .34 67.20 (12,61
Alphatron 2| .9040 -29.4 [1.4618 | 9.23| 67.26 |12.36
Alphatron 4| .9039 -29.6 11.4618 A2 67.16 |12.31
Anelysis of Variance
Specific Op:ical Refractive
Source DF avgtﬁ  Rotatiom Index
) 89 3_3 88| uS 83 a Ms
x 10°8 x 10 x 1078 x 10-9
Total 11 54 3.95 5
Treatments_ | & E 2 |0.05 {0.02 1 5
Replications| 3 1 5 11.20 |0.40 1 5
Error 6 35 6 |2.70 |0.45 3 5
Source DF texr __M%gzgglﬁ___ Menthone
. 88 M3 S 8 | 88 8
Total 11 | 1.53 18.38 6.5
Treatments 2 { 0.07 | 0.0 | 0.02| 0.01| 0.2 0.1
Rep}ications| 3 | 0.21 | 0.07 | 8.55| 2.84| 0.6 0.2
Error 6 |1.25 | 0.21 | 9.83|1.64| 5.7 1.0




78.

Crop Rotation

This experiment was designed to study the influence
of preceding crops on the growth of peppermint and spear-
mint. It was established in 1946 on goil of pH 5.9 on the
Muck Experimental Farm in Clinton County. Orops were
planted in an east and west direction in 1947 and north
and south in 1948 in order to cross the previous year!sg
treatments. All crops received 1000 pounds per acre of an
0-15~30 commercial fertilizer which was applied with a
grain drill each spring. |

Peppermint.... In 1947 peppermint plants were trans-
plantéd June 10. The plots were cut September 2 and 3 and
were distilled September 5 and 6. In 1948 they were
transplanted June 20. At weekly intervals throughout
August counts were made of those plants having symptoms of
Verticillium wilt. This was the first season this dksease
had been observed in this area. The plots were cut August
20 and distilled August 23 and 24, Table 32 presents the
yield of foliage and oil secured in both 1947 and 1948.
These data indicate that the 1946 peppemint crop signifi-
cantly depressed foliage and oil yields in 1947. But
peppermint grown in 1947 had no influence on the 1943
peppermint. No other crop significantly influenced the
amount of foliage or oil produced. Yijelds of both foliage
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and oil in 1948 were much lower than in 194 because of
restricted moisture. Tgbles33 and 34 present the physi-
cochemical constants of the oil produced in 1947 and 1948
respectively. Both years these constants were not signi-
ficantly influenced by the presious year's crop. However,
the data of 1948 suggested that the percentage of menthol
and the specific optical rotation is increased and that
the percentage of menthone is decreased by a previous crop
of peppermint. Table 35 presents the number of plants
showing wilt symptoms in 1948. Tpese data strongly
suggest a more heavy infestation of the disease on thoge
plots which.produced yampeenint in 1947 and also a more
rapid increase in the number of plants showing symptoms of
Verficillium wilt. However, this 1s not borne out statis-

tically - :

SRearmiﬁt.... Spearmint plants in 1947 were transplanted
June 13. Auguet 16 and September 2 the plots were ocut and
were digtilled Aygust 18 to 19 and September 4. 1In 1947
the plants were transplanted June 17, cut September 16 and
digtilled September 18. Table 36 presents the yield of
folisge and oil for both 1947 and 1948. Foliage and oil
-yilelds were not significantly influenced by the previous
crop in either 1947 or 1943. However, there is a sugges-
tion that peppermint grown in 1946 depressed the foliage
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Table 32. Effect of Crop of Previous Year on the Yield of
Peppermint Foliage and 0Oil Grown in 1947 and
1948 on MuocK Soil (pH 5.9) in Clinton Gounty.l
1946 7 %947 o1l 1947 %948 o
Crop oliage Crop Foliag il
T/A | Lbg/A T/A BIM
Onions 13.0 |[41.0 | Spearmint 7.1 |26.9
Head Lettuce 12.8 | 35.8 | Celery 8.2 (27.1
Spinach and 11.9 | 35.4 | Potatoes 8.2 |23.5
Cabbage
Peppermint 10.6 | 30.6 | Peppermint g.2 |27.6
Celery 12.4 |39.4 | Sugar Beets 8.2 (27.8
gugar Beets 12.4 |39.4 | Head Lettuce | &.4 |24.8
Table Beets 12.2 [37.8 Spinach 9.0 !29.0
Potatoes 12.9 |42.4 | Onions 9.2 |[33.1
1. Average of 2 replications.
Analysis of Variance
Source DF y7 194
Foliage 0il Foliage 01l
88T ug| S8l MS " SE T MS| SS9 T Mg
Total 15 [11.6 4o1 12.9 171.6
Crops 71 8.3|1.2%|194| 28+ 5.9/0.8(115.6{16.5
Replications | 1 1.2 1.9 1170|170 3.813.8 0.1} 0.1
Error 71 1.4{o.2| 37| 5| 3.2|0.5]| 55.9| &.0
L.8.D. (5%) 1.1 5.4
(1%) 1.6 8.0

* 8ignificant at

5% level.
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Table 33. Effect of Crop of Previous Year on the Physioco-
chemical Constants of Peppermint 0il Produced
in 1947 on Muck Soil (pH 5.9) in Clinton Gounty.l
1946 Specific Optical| Refrac- % %
Crop Gravity Rota~ | tive |Esters| Total | Men-
tion Index Menthol| thon
Oniong .9011 | -25.0 |1.4606 | 5. 1 47.78 | 33.8
Head Lettuse|.9010 -25.5 |1.4610 | 5. 49,02 | 33.8
Spinach and .

Cabbage .9014 -27.0 |1.4615 5.7& 51.48 | 29.4
Celery .9014 -25.2 J1.4614 | 5.35 9.20 | 32.3
Sugar Beets |.9012 -26.0 |1.4613 | 5.52 | 51.28 | 30.6
Table Beets |.9012 -26.4 |1.4614 | 5.36 | 52.14 | 28.6
Potatoes .9012 -25.8 11.4613 | 5.50 | 51.44 31.ﬂ
1. Average of 2 replications.

Analysis of Variance

Specific Optical Refractive
Source DF vit Rotation Index -

88 88 8 83_7 8

x 1078 x 30-8 x10°'| x3077 |

Total 15 | 194 12.5 28
Crops 7 1 4 6.9 |1.0 21 3
Replications | 1 | 1 144 3.8 (3.8 1 1
Error 7 19 3 1.8 0.3 6 1
Source DF Ester Menthol Menthone

S8 M3 88| NS 83 ‘MS
Total 15 | 1.83 68.0 97.9
Crops 7 | 0.26| O.04 |47.7 | 6.8 57.9 .
Replications | 1 | 1.06 | 1.06| 1.2| 1.2| 0.3 0.3
Error 7 | 0.51] 0.07 {19.1 | 2.7} 39.7 5.
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Table 34. Effect of Crop of Previous Year on the Physico—
chemical Constants of Peppemmint 0il Produced
in 1948 on Muck S0il (pH 5.9) in Clinton County.l

1947 SpeoificlOptical Refrac— %
Crop Gravity | Rota- tive Esterq Total Men-
tion e Mentholl thone]
Spearnint .900 ~24.6|1.4602 | 4.18 | 44.32| 36.0
Celery .90 -24.4 1 1.4604 | 4,02 | 44,02 36.7
Potatoes .9010 -24.8 | 1.4604 | 4,14} W4y 58| 35.8
Peppermint [.9010 -25.0| 1.4604 | 4,27 | 45,16 | 34.8
Sugar Beets |.9014 -24.2 1 1.4606 z.98 Uz.98 | 36.2
Head Lettucq.9014 -24.2 | 1.4601 .16 .28 36.8
Spinach .9018 24,3 | 1.4604 | 4.29 tﬁ’ 71 36.6
Onions .9010 -24.611.4602 | 4.12 371 36.7
1. Aversge of 2 repliocations.
Analysis of Variance
Source DF Specigic Ogtical Refractive
l_Gravity otation ndex
88 M8 ER L 88 . )
x 1077| x 1077 | x 1079 x 1078
Total 15 79 5.6 1 101
Crops 7 35 5 1.2 0.2 27 4
Replications | 1 25 25 1.2 1.2 9 9
Error 7 19 3 3.2 10.5 65 9
Source DF Egters Menthol Menthone
' 88 - MS S8 | MS S8 us
| Total 15 | 1.08 13.1} 19.9
Orops 7| 0.17 | 0.02 2.8| 0.4 6.2 0.9
Replications| 1 0.17 0.17 0.9/ 0.9] 0.6| 0.6
Error 71 o.74| 0.10 9.4 1.3 13.1]| 1.9
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Table 35. Effect of Crop of Previous Year on Number of
Peppermint Plants Showing Symptoms of Vfrti-
cillium Wilt in 1948. Clinton County.

. l 4
1947 No. Plants Showing Vertitillium Wilt
Crop Symptonms
1A Aug. 10| Aug. 16| Aug. 20
Spearmint 17 32 46 50
Celery 1 2 6 6
Potatoes i 9 11 14
Peppermint 12 26 36 50
Sugar Beets 2 2 2 3
Head Lettuce o 1 1l 2
Spinach l 2 2 2
Onions 2 2 3 3
1. Average of 2 replications
Analysis of Variance

Source DF | Aug. 5 | Aug, 10] Aug, 16 | Aug. 20
' SS | M8! 89 |MS SS | MS 83 | MS

Total 151 789 3826 8093 10652

Crops 7| 548 | 78|2120| 303 |4283| 612| 6335| 905
Replications| 1| 81 | 81| 541|541 {1260{1260| 1560|1560
ETToTr 7] 160 | 23{1165|166 |2550| 364| 2757] 394
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and oil yield,and onions the oil yield of spearmint in 1947.
The yields of both foliage and oil in 1948 were considerably
legs than those of 1947 as a result of restricted moisture.
Tables 37 and 38 present the physicochemical constants of
the oil produced in 194/ and 1948 respectively. It is
evident from these date that the previous orop had no sig-
nificant influence upon the constants of the oil produced in
either year. However, in 1947 it ie suggested that pepper-
mint grown in 1946 decreased the optical rotation, refrac-
tive index, and percentage of carvone. Ip 1948 oil having
the lowest percentage of carvone was obtained from plots
which grew peppermint and sugar beets in 1947. In 1948 the
specific gravity, refractive index, and percentage of car-
vone were lower and the optical rotation greater than that
of the 1947 oil. 8Such differences are undoubtedly due to

“the relatively greater maturity of the plant when harvested
in 1947 as compared to that of 1948.
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Table 36. Effect of Crop of Previous Year on the Yield of
" Spearmint Foliage and 0il Grown in 1947 and
1948 on Muck Soil (pH 5.9) in Clinton County.l

i
1946 - 1947 1947 1
Crop Foliage | Oil | Crop Foliage| 01l
T/A bg/A [A___|Lbs/A
Onions 12.1 32.2 Spearmint 4.6 12.0
Head Lettuce | 11.2 39. Celery 4.4 l6.4
Spinach and
Cabbage 11.0 38.8 | Potatoes 5.4 19.0
Peppermint 9.4 _zg.o Peppermint |5.1 18.2
Celery 11.1 .1 | Sugar Beets 2.9 10.8
Sugar Beets 10.2 40.6 | Head Lettuce|4.6 15.6
Table Beets 11.0 41.4 | Spinach 4,2 13.7
Potatoes 10.9 42.4 |Onions 4,2 15.5
1. Averages of 2 replications
Analysis of Variance
DF | Fol Moo tagel” 0il
Source age ~ e
8 8 |88 | K8 b B3

Total 15 | 23.5 206 11.7 284
Crops 71 8.7|1.2 112718 | 2.1 0.3 |112] 16
Replications| 1| 9.6| 9.6 | 14|14 | 6.1}|6.1 | 82| &2
Error 7 5.2 0.7 65| 9| 3.5/0.5{| 90| 13
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Table 37. Effect of Crop of Previous Year on the Physico-
chemical Constants of Spearmint 0il Produced in
1947 on Muck Soil (pH 5.9) in Clinton County.

1946 Specific | Optical RefraotiveL %

Crop Gravity | Rotation Index arvone
Onions . 9295 -56. 4 1.4900 | 69.3
Head Lettuce 9290 -57.2 1.4897 69.3
Spinach and Cabbage| .9276 -57.0 1.4896 | 68.7
Peppermint . 9284 -55.7 1.4892 | 68.2
Oelery .9298 -56.6 1.4896 | 69.2
Sugar Beets .9286 -56.5 1.4896| 69.4
Tuble Beets .9293 -57.0 1.4898 | 69.6
Potatoes .9280 -56.9 1.4894| 68.8

1. Averages of 2 replications

Analysis of Variance

~ Specific Optical | Refractive
Spource DF Gravity Rotation Index
S8 M8 88| MS 88 MS
x 1077/ x 1077 x 1077 x 10-7
Total 15| 226 9.4 Ll
Crops 7 81 12 333 0.5 8 1
Replications | 1 g 98 2 (4.2 14 14
Error 7 7 7 [1.9]03] e 3
Source DF Darvone
88 M8
Total 15 9.4
Orops 7 3.0 0.4
Replications| 1 2.9 2.9
Error 7 3.51 0.5
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Table 38. Effect of Crop of Previous Year on the Phﬂsico—
chemical Constants of Spearmint-0il if 1948 on
Muck Soil (pH 519) in Clinton County.
1947 Specific | Optical | Refractive %
Crop Gravity | Rotation Index Carvone
gpearnint . 9266 -58.0 1. 4882 66.5
Celery. .9262 -58.0 1.4884 66.2
Potatoes .9245 -58.8 1.4880 65.7
Peppermint .9259. -58.4 1.4882 65.6
Sugar Beets 9244 -53. 4 1.4884 65.6
Head Lettuce .9254 -58.8 1.4882 67.2
Spinach .927 -5%.5 1.4884 68.0
Onions .926 -58.2 1. 4886 66.9
1. Averages of 2 replications.
Analyslis of Variance
Source DF | S8Spec.Grav. Op.Rots Refractive
Index
~88_ ] WS, 95 | S | S8 MS
x10°°x107° | - x10~7| x10~7
Total 15| 51 3.97 30
Crops 7 15 2 {1.52]0.22 5 1
Replications| 1 1 1 0.02 | 0.02 1l 1
Error 7! 3| 5 |2.43]0.35| 24| 3
Source Darvone
S8 MS
Total 36.13
Crops 10.30 | 1.47
Replications 0.01]0.01
Error 25.82 | 3.69
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DISCUSSION

The peppermint, and possibly also the spearmint in-
dustry in Michigan and Indiana, is serlously threatened by
the inroads of Verticillium wilt, a disease which remains
in the soil for an undetermined number of years once the
orop is infeoted. It is this situation that resultedin the
establishment by the Beech-Nut Packing Company of the fellow-
ship under which the study repoited in the preceding pages
was conducted. It is unfortunate that, with the exception
of the results obtained from heavy fertilization, the re-
sults from the various soil treatments were largely nega~
tive. It is hoped that, from the observations made and
largely reported herein, further studies may be inauvgurated
which will bring rellef to the growers of mint whose fields
are affected by Verticillium wilt.

Certain of the results obtained in this study deserve
further discussion.

The decrease in root growth (Table 1) exhibited by the
" first orop of peppermint grown in the greenhouse with the
heavy applications (16 tons per acre) of carbonates was not
repeated with the second crop (Table 2). It is possible
that this depression of the first crop was the result.of the
phosphate being rendered unavailable by the celcium and mag-

nesium. Such a depression was not repeated with the second
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crop a8 refertilization supplied more phosphorus, all of
which was not rendered unavallable.

From the time of harvest of the first crop to the har-
vest of the second crop, the soil pH of the individual pots
remained approximately constant. Consequently, this de-
pressed root growth of the first crop may be a result of the
presence of an excess of calcium and magnesium which in turn
rendered manganese or some other nutrient unavailable,

The depresslion of root growth with fertilizer applica-
tions exceeding 500 pounds per acre in greenhouse pots with
the second peppermint crop (Table Q) may indicate this plant
has comparatively low fertilizer requirements. This would
be in accordance with statements made by Eliis (10, 11) and
Powers and Jones (33) to the effect that response to increa~
sing amounts of fertilizers decreases or disappears when 300
to 350 pounds per acre are applied in the field. On the
other hand, this assumption would be at variance with the
data of Table 26 where an average yield increase of over 25%
of foliage and oil was obtained in the field with the addi-
tion of 2000 pounds per acre more fertilizer.

| The early response of peppermint in the greenhouse to
copper sulphate applications to the soll (Plates 2 and 3)
and the increase in oil production in the field (Table 28)
1s in agreement with Bode (6) who regards copper as essen-

tial for high oil formation in the plant.
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The increase in number and size of leaves on pepper—~
mint plants reported by Lutzenburger (26) with boron
applications to organic soils was not observed.

The increase in yields of peppermint foiiage and de-
crease in the oil ylelds with an increase of potash in re-
lation to phosphate in the fertilizer (Table {§) is in
complete agreement with both Harmer (17, 18) and Ellis
(10, 11). Yields of gpearmint oil follow & similar pat-
tern, but foliage ylelds also decrease with the increase in
the proportion of potash (Tgble 17).

~In order to bring out more clearly certain physiocal .
- relationgships which are not evident in the individual sets
of results & series of charts were preﬁared. Figure 1
.ghowg the relationship of the weight of peppermint harvested
and the‘number of pounds of oil produced in the field.
Ueing 236 sets of measurements a correlation coefficient of
0.584 was obtained. The relatively wide scatter of points
demonstrates that in 1947 and 1948 there was not a good re-
lationship between the amount of foliage harvested and the
amount of oil distilled from peppermint, |

Figure 2 presents a similar relationship between the'
~welght of spearmint harvested and the oil produced. A core-~
lationship coefficient of 0.397 was obtained with 121 pairs
of measurements. This is a considerably better relation-

ship than with the peppermint. However if more measurementsg
had been obtained with the spearmint such a correlation

coefficient would be more significant.
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FIGURE| RELATION OF YIELDS OF PEPPERMINT TO OIL CONTENT
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Maku (27) reports that in preliminary experiments the
addition of a minute quantity of zadium to the soil in
flower pots stimulated the growth of peppermint. The radio-
active mineral (alphatron) applied to the soil in Lapeer
County produced no such stimulation.

Studies regarding the effect of peppermint and spear=
mint on succeeding crops and the effect of other orops upon
peprpermint and spearmint have scarcely been started. The
results presented here for 1947 and 1948 show evidence that
a nunber of factors are involved and that peppermint and
spearmint do not react in the same manner. Odland and
Smith (29) postulate that some particular crop may produce
a deleterious or beneficial effect upon a succeeding crop
by producing, among other féctors, changes in the soil |
microflora, or root excretions.

Only with the heavy application of fertilizer in
Lepeer County was there any indication of differences in the
physicochemical constantes of peppermiht oil as a result of
goil treatments and this was not statistically significant,
This large amount of fertilizer resulted in a depression of
the percentage of esters and total menthol. This depression
may readily be linked up yith the increased growth and
vigor of the peppermint which undoubtedly retarded its
maturity. Such an assumption is in agreement with the
statement of Ellis, Fawcett, Gaylord, and Baldinger (13)
that the physicochemical constants of peppermint oil are not
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affected by fertilizer, except as fertilizer affects the
maturity of the plantsg. )

In 1947 and still more = in 1948, the specific opti-~
cal rotation and the percentege of esters and total men-
thol increased while the percentege of menthone decreased
fhroughoux the distilling season, or with increased matur-
ity of the plant. Table 39 illustrates this point. These
data also show greater changes in these physicochemical
constants in 1947 than in 1948. Tpis is undoubtedly a re-
sult of the different seasons. 1947 was umusually wet and
cool throughout the growing season while 1948 was unusually
dry and ﬁarm throughout the growing season.

Table 39. Certain Physicochemical Constants of 0il Dis-

tilled at the Beginning and End of the Season
in 1947 and 1948.

& £ i
%o

N3 »
Time of |[Specific Optl{ Esters Menthol Menthone
season _ag}:ra_t_i_gg@_ _
1947 119 1947 [19U8{ 1957 19L& | 1947 [1968

Beginning| -23.6|-23.1| 5.7| 4.9|50.7 48.2 | 31.2{31.8
End -26.0/-29.5| 7.3| 9.3|54.5(67.2 | 28.0/(12.4

Gueﬁther (16), Bullis, Price, and Kirk (7), Ellis (12),
and Rabak (34) also report a rise in the percentage of
esters and menthol as the season progresses. Elllig and Gay-
lord (14%) have observed such an increase in the menthol con-
tent. Strazewicz (39), on the other hand, reports a decrease

~ of esters in the oil with maturity, particularly with in-
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creased insulation and temperature. Chiris (8) also found
an increase in the percentage of menthol with thevage of
the plants, but found the specific optical rotation value
decreased. Bullis, Price and Kirk (7) discovered the speoci-
fic optical rotation of the oil to be higher in the early
anﬁ late season gamples than in the midseason lots. Baldin-
ger (3) and Rutovekii and Pevin (35) have noted that the
wenthol content of the plant increases during growth whereas
the menthone content decreases. The relation between the
percent of menthol and menthone is clearly demonstrated in
the peppermint samplesg obtained in this study in 1947 and
1948 (Figure 3). Of 239 samples determined there is a
correlation coefficient of -0.971 which is excellent.

The increase of the percentage of menthol at the expense
of the percent of menthone has led Gorden (15) and Wood and
0&ol (41) to the assumption that, under the influence of
sunlight during plant growth up to the time of full bloonm,
menthol is stdowly formed from menthone. Bacon, Jenison, and
Kremers (2) suggest that menthol is synthesized from men-
thone which in turn is produced from pulegone.

Table 41 indioaﬁes that, in 1947, there was a decrease
in specific gravity, specific optical rotation, refractive
index, and percentage of esters and total menthol and an in-
crease in the percentage of menthone three days after a very
heavy rain. The rain was followed by an abundance of sun-

shine with a relatively high temperature. This indicates a
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FIGURE 3 RELATION OF MENTHONE AND MENTHOL
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PEPPERMINT OlIL TO PER CENT MENTHOL IN THE OIL
I94¥7 1948
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decided change in the physicochemical constants which at
first thought would tend to disprove the theory of the
formation of menthol from menthone as the plant métures.
However, these changes can be explained as follows. Pre-
vious to this rain the plants had ceased growing and pro-
ducing oil. With a sudden abundance of moisture and favor-
able conditions, growth sms rapidly resumed with the form-
ation of\more 0il. This o0il of recent formation would
naturally have different physicochemical constants from
that already present and its presence would then alter the
proportion of the total constituents which in turn would
alter the physical constants. This theory may be supported
by ﬁhe“fact that the plots distilled after the rain had up
to 10 pounds per acre more oil than those distilled prior
to the rain.

The relation between the percentage of total menthol
and the number of degrees polarized light is rotated to the
left is ﬁ}eseﬁteé in Figure 4. 239 pairs of measurements
gave a correlation coefficient of 0.777 which shows a fair
relationship.

Henderson (24) regards the amount of volatile oil in
peppernint as an elusive factor which depends upon the cli-
matic conditions at the moment the herb is cut. Peppermint
oil is composed of a mixture:.of various organic compounds
which are, of course, produced by photosynthetic activity.

Thus with variations in environment, particularly sunlight,
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one would expect changes in the properties and percentages
of thege constituents. This factor, together with the fact
that the oil content and composition vary with the maturity
of the plant, also undoubtedly accounts for the conglomer-
ation of results obtained throughout the mint producing

sections of the world with various fertilizer treatments.
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SUMMARY

Peppernint was grown on muck soil in the greenhouse

and peppemmint and spearmint in field experimental plots

to ascertain the effect of various soil treatments upon

the growth, incidence of Verticilliup wilt, oil production,

And the physicochemcial constants of the oil.

This investigation has shown that:

1. In the case of peppermint grown in the green-

house:

a.

c.

The yield of the first crop of roote was
depressed by heavy applications of cal-

cium and of calcium and magnesium car-

bonates

Application of copper in the form of
copper sulphate stimulated early plant
growth, but had no effect upon yield of
plant material or oil.

Application of iodine in the form of
potassium iodide had no effect upon
yield of plant material or oil.

Six different carriers of iodine prodﬁced
no differences in the yleld of plant
material.

Applications of Eoron, cobalt, and sili-

con were toxic ohly when the following
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forms and rates in pounds per acre were used:;
cobalt sulphate, 160; boric acid, 100;
godium metasilicate, 3200.

Applications of iodine, molybdenum, strontiunm,

- chromium, magnesium, and zinc were not toxic

in the following forms and rates in pounds per
acre: potassium>iodide, 80; sodium molybdate,
hg. strontium chloride, 1600; potassium di-
chromate, 320; magnesium sulphate, 8000; and
zinc sulphate, 6400,

None of the minor elements used had any influ-
ence upon the incidence of Vertleillium wilt

syaptoms.

2. In the case of peppermint in the field:

a.

C.

Yields of foliage tended to increase as the
ratio of potash to phosphate in the fertilizer
rogse above a ratio of 1:1.

0il yields tended to decrease as the ratio of
potash to phosphate in the fertilizer rose
above a ratio of 1:l.

Copper compounds added to acid soil which had
been heavily limed tended to increase oil
yields slightly.

Other minor elements used including zinoc, io-

dine, chromium, silicon, bromine, fluorine,
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molybdenum, strontium, cobalt, manganese, and
boron, did not influence yields of plants or
oil.

e. Two thousand pounds per acre of 0-10-20 ferti-
lizer produced markedly higher plant and oil
yields.

f. No fertilizer or minor element treatment in-
fluenced the incidence of plants showing Verti-
cillium wilt symptoms; however, well-fertilized
plants produced larger yields of foliage and oil
in spite of the prevalence of Verticillium wilt.

g. In 1947 yields of peppermint plants and oil on
1l which had grown peppermint the previous
year were depressed, but this was not true in
1948,

h. Alphatron, a radioactive material, when added to
the s0il had no effect on plant and oil yields
or the incidence of Verticillium wilt.

i. The physicochemical constants were not affected

by soil treatments.

3. With spearmint in the field that:
a. Plant and oil yields tended to decrease as the
proportion of potash in the fertilizer was in-

..oreased.
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b. No minor element treatment infiuenced plant
or oil yields.
c. Crops of the previous year had no effect on
plant or oil yields.
d. The physicochemical constants were not affect-
ed by soil treatments.
The correlation coefficients between peppermint
foliage and oil yields, spearmint foliage and oil
yields, total menthol and menthone percentages,
total meﬁthol percentage and specific optical
rotation were 0.584%, 0.897, -0.971, and 0.777 Te-
spectively.
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