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Abstract—Foliar application of Phosfon D at 50-100 ppm stimulates the growth of Salvia officinalis (sage) and
moderately retards the growth of Mentha piperita (peppermint), while increasing the essential oil yield of both species by
50-70°;, Phosfon D increases the proportions of { —)-3-isothujone and (+)-3-thujone in sage oil and decreases the level
of {—)-p-pinene and (+)<amphor, whereas this growth retardant increases the proportions of (+)-isomenthone
and ( + )-neoisomenthol in peppermint oil and decreases the level of ( — )}-menthone and ( —)}-menthol. Foliar application
of Cycocel at 250-500 ppm slightly stimulates growth and essential oil formation in peppermint, and retards growth of
sage with little effect on oil yield. The influence of Cycocel on sage oil composition was the opposite of that of Phosfon,
with a tendency to increase the level of ( —)-8-pinene and decrease the level of ( —)-3-isothujone under severe stunting.
The effect of Cycocel on the composition of peppermint varied with concentration. The influence of growth retardants
on essential oil composition and yield are most readily explained by aiterations in the levels or activities of the relevant

enzymes.

INTRODUCTION

Growth retardants, such as Phosfon D and Cycocel, exert
their effect at the level of gibberellin metabolism [1, 2],
and are also known to influence the accumulation or
depletion of other isoprenoids, including sesquiterpenes,
diterpene resins, triterpenes and higher terpenoids [3-7].

Relatively little attention has been directed toward the
influence of growth retardants on the production of
essential oils and their monoterpenc constituents.
Cycocel, although stunting the growth of rose geranium
(Pelargonium graveolens), was reported to increase essen-
tial oil yield and alter the proportion of the acyclic
monoterpenoid constituents [8]. The same compound
had little effect on essential oil production in Davena
(Artemisia pallens, Wall.) [9]. Application of Phosphon D
as a soil drench with peppermint (Mentha piperita, L.)
stimulated growth at low concentration and reduced
growth at higher concentrations. However, the effect of
this regulator on essential oil production was not
examined [10].

The present study was undertaken to examine the
influence of two common growth retardants (Phosphon
D and Cycocel) [11-13] on essential oil formation in
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peppermint and sage (Salvia officinalis, 1.) grown under

controlled conditions. These two commercially important

oil producing species were chosen for this work because

the oil composition of both is well known [14-16] and

because the biosynthetic origins of most of the relevant

1[nonotc]rpcne constituents have been recently deciphered
17, 18].

RESULTS

Influence of Phosfon D on sage

Three weekly foliar applications of Phosfon D at
50 ppm significantly increased plant growth, with a
30-35 9, increase in fresh and dry weight (reflected in both
stem and leaves) and a 10-15%, increase in height. At
100 ppm Phosfon D, the treated plants were indistin-
guishable from the controls, although dry weight re-
mained elevated by 10-209,. At 200 ppm Phosfon D,
stunting was severe with a 50 9, reduction in height and a
35-40 %, reduction in fresh and dry weight. Chlorosis of
the leaves was evident at 200 ppm Phosfon D, whereas at
lower concentrations green colouration was more intense.

Phosfon D at the 50 and 100 ppm levels increased the
essential oil content of sage on both a fr. wt and per plant
basis compared to the controls (Table 1). At 2000 ppm of
this growth retardant the fr. wt yield was maximum
(170 % of controls) but the yield on a per plant basis was
indistinguishable from controls. In terms of oil com-
position, Phosfon D had a pronounced effect in increasing
the levels of the ketones (—)-3-isothujone and (+)-3-
thujone, and decreasing the level of the ketone (+)
camphor (Table 1). The levels of B-pinene and of the
sesquiterpene olefing humulene and caryophylienc were
also reduced. However, the levels of the monoterpene
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Table 1. Effect of growth retardants on yield and composition of sage oil
QOil composition (%)
Qil yield a-pinene
and sesqui-
Treatment ppm % fr.wt mg/plant camphene S-pinene 18-<cincole isothujone thujone camphor terpenes
Control 0.16 367 1.2 1.7 9.9 348 36 134 1.7
Phosfon D 50 19 528 7.6 123 1.8 T 48 1.7 19
Phosfon D 100 0.24 532 63 10,6 88 416 65 9.7 63
Phosfon D 200 027 317 76 9.9 9.8 452 54 10.7 4.1
LSD (0.05) 0.02 58 NS* 1.0 13 10 1.2 23 20
Control Q1s 330 87 83 94 40.1 53 164 93
Cycocel 250 Q15 328 76 8.1 9.7 41.1 55 13.1 94
Cycocel 500 015 281 89 8.0 109 419 55 11.2 9.6
Cycocel 1000 012 221 108 9.3 107 337 6.2 11.8 122
Cycocel 2000 Qi1 21.2 89 123 111 289 47 130 82
LSD (0.05) 0.02 46 NS 1.9 NS 79 NS 26 24
*NS: Not significant.

olefins a-pinene and camphene, and of the cyclic ether 18-
cineole, were essentially uneffected.

Influence of Phosfon D on peppermint

At the 50 ppm application rate of Phosfon D, the
treated plants were indistinguishable from controls, but
stunting was marked at the 100 and 200 ppm levels. At
100 ppm, plant fresh weight was reduced by 209 and
plant height by 25 %;,. At 200 ppm, fresh weight and plant
height were reduced by over 60 %, with a corresponding
decrease in internode length. Leaves were moderately to
severely chlorotic and greatly reduced in size.

Foliar application of Phosfon D at all concentrations
resulted in significant increase in fr. wt yield, but at the
highest application rate oil yield per plant was greatly
reduced (Table 2). Major effects on oil composition werea
decrease in the levels of menthone and menthol, and an
increase in the proportion of isomenthone, neoiso-
menthol and 1,8-cineole.

Influence of Cycocel on sage

Foliar application of Cycocel at 250 ppm had
essentially no effect on the growth of sage. However, in the
500-2000 ppm application range stunting was pro-
nounced. At the 500 ppm level, plant height was reduced
by 559 and fr. wt by 20 %, whereas at the 2000 ppm level,
plant height was reduced by 70 9, and fr. wt by 50 %. Atall
concentrations of Cycocel the leaves were intensely green.

Unlike the result observed with Phosfon D, oil yield
on both fr. wt and per plant bases decreased as stunting
under the influence of Cycocel increased (Table 1)
Compasitional effects with Cycocel were also the opposite
of those observed with Phosphon D, notably an increase
in the proportion of B-pinene and a decrease in the
proportion of isothujone. The camphor level decreased
under the influence of both growth retardants.

Influence of Cycocel on peppermint

Cycocel at the 250 ppm level had a slight but significant
growth stimulating effect on peppermint, increasing both

Table 2. Effect of growth retardants on yicki and composition of peppermint oil

Oil yield Oil composition (%)
Treatment ppm % fr. wt mg/plant menthone isomenthone menthol neoisomenthol 1.8-<cineole
Control 0.25 381 39.8 17.7 20.2 27 4.5
Phosfon D 50 041 478 40.2 178 19.7 4.1 4.1
Phosfon D 100 045 46.1 324 20.6 166 59 4.1
Phosfon D 200 043 26.2 29.3 209 15.1 6.6 43
LSD (0.05) Q.05 54 6.0 NS* 1.7 0.7 NS
Control 024 366 36.2 14.6 21.6 4.1 54
Cycocel 250 Q.27 44.6 36.1 15.3 21.2 38 6.2
Cycocel 500 022 36.2 437 14.2 18.7 4.7 59
Cycocel 1000 017 29.2 283 9.6 18.3 49 49
LSD (0.05) 0.04 51 92 19 NS NS NS

*NS: Not significant.



Influence of Phosfon D and Cycocel on essential oil formation

fr. wt and plant height by roughly 10%,. Plants treated
with 500 ppm Cyococel were morphologically indistin-
guishable from the controls, but the leaves were darker
green in colour as was the case with all the Cycocel
treatments. At the highest application level (1000 ppm)
growth was reduced, but by less than 109 in plant height
and weight.

Oil yield was slightly increased at 250 ppm Cycocel, but
decreased at higher concentrations of growth retardant in
spite of the minimal influence on growth. Compositional
cffects as a result of Cycocel treatment were minor, with
the only discernible trend being an increase and
subsequent decrease in the proportion of the ketones
menthone and isomenthone (Table 2).

DISCUSSION

Foliar application of low concentrations of Phosfon D
(50 ppm) stimulates the growth of sage, yet at the 200 ppm
level of this growth retardant stunting is severe.
Peppermint was generally more sensitive to the dwarfing
influence of Phosfon D than was sage. At low concen-
trations of Phosfon D, where stunting was negligible to
moderate, oil yicld for both species was significantly
increased on both fr. wt and per plant bases. Under
conditions of severe stunting, oil yield per plant declined
sharply although yield on a fr. wt basis remained high.
Since a moderate degree of stunting did not influence
plant maturity, as determined by time to flowering, and
since microscopic examination of control and treated
plants evidenced no observable difference in leaf oil gland
numbers, the effects of the growth retardants on oil yield
and composition were ascribed to a direct influence on the
enzymes of monoterpene metabolism.

The major effect of Phosfon D on the composition of
sage oil was to increase the production of the epimeric
ketones (—)-3-isothujone and (+)-3-thujone (Table 1),
which arise by alternate stereospecific reductions of the
double bond of sabinone [19]. Since none of the
intermediates leading to isothujone/thujone were
significantly increased (sabinene, cis-sabinol and sabinone
are present at trace levels to a few percent), the retardant
must serve to increase the rate of the slowest step of the
reaction sequence, presumably the cyclization of geranyl
pyrophosphate to sabinene [19]. Both (—)-g-pinene and
(4 )camphor content decrease under the influence of
Phosfon D and, since both monoterpenes arise via
alternate cyclizations of geranyl pyrophosphate, the
simplest explanation would be a diminution of the levels
or activities of the relevant cyclases [20, 21]. Borneol, the
immediate precursor of camphor [20], was only a trace oil
constituent under all circumstances. Phosfon D treatment
also significantly reduced the level of the sesquiterpene
olefins, humulene and caryophyllene, in sage oil (Table 1),
and the effect on caryophyllene production was the
greatest. Thus, the oil from control plants contained
humulene and caryophyllene in a ratio of about 4:1,
whereas the ratio increased to 10:1 in the oil of Phosfon
D-treated plants suggesting scparate origins of these
olefins from farnesyl pyrophosphate [22].

Phosfon D served to decrease the level of (— }-menthone
and (—)menthol in peppermint oil, while increasing the
level of the epimeric ketone and aloohol, (+ )-isomenthone
and (+ )-ncoisomenthol, respectively (Table 2). Since (—)-
menthone and (+ }-isomenthone arise by alternate stereo-
specific reductions of the isopropylidene double bond of
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(+)-pulegone [23,24], Phosfon D must aiter the
proportion of the responsible reductases. The level
of (+)-pulegone in the oil (~ 29,) was not significantly
influenced by Phosfon D treatment, and the precursors
of pulegone (limonene, isopiperitenol, isopiperitenone,
etc) [25], remained at trace or very low levels
(< 29%) under all circumstances. The differing levels of
(—)menthol and (+)-neoisomenthol reflect the levels
of the corresponding ketones from which these alcohols
arise via the same dchydrogenase [ie. reduction of
(—)menthone yields (—)menthol, whereas (+)-iso-
menthone yields (+ )-neoisomenthol] [26].

Sage was more sensitive to the stunting effect of Cycocel
than was peppermint. Qil yield in sage was unaffected by
low concentrations of Cycocel, but decreased as stunting
increased. Oil composition in sage was influenced by
Cycocel in a manner opposite to that of Phosfon D, but in
a manner similar to that previously observed with the
growth regulators Daminozide and Ethephon [27]. The
increase in (— }-f-pinenc content and decrease in the level
of (— )-isothujone and ( + }-camphor can best be explained
by alteration in the levels or activities of the relevant
cyclases [19-21].

Cycocel slightly stimulated growth of peppermint and
increased oil yield at the 250 ppm level. Stunting increased
and oil yield decreased with progressively higher concen-
trations of retardant. Compositional effects were in-
significant except under severe stunting where the level of
ketones was diminished and the proportion of a number
of minor components increased (Table 2).

The results of this study indicate that both sage and
peppermint can be moderately stunted with significant
increase in oil yicld and with little change, or slight
improvement in oil quality [28] (e.g. increase in iso-
thujone and decrease in olefins in sage). The results also
indicate that growth retardants can influence essential oil
formation by a direct effect on monoterpene metabolism.

EXPERIMENTAL

Plant material. Sage (Salvia officinalis, L.) was grown from seed
and peppermint (Mentha piperita, L.) was propagated from
single-node cuttings of etiolated rhizomes. The plants were
grown in peat moss in a growth chamber with a 14 hr photo-
period (900 1 100 fc, fluorescent/incandescent), 29° day/25° night
temp. cycle and relative humidity of 62+ 129, Plants were
watered as nceded and fed weekly with a complete fertilizer
(N:P:K, 20:20:20, with microelements and iron chelate). Piants
were thinned and allowed to grow for 5 weeks before treatment
with Phosfon D (tributyl[2,4-dichlorobenzyl]phosphonium
chloride) or Cycocel (Chlormequat chloride, chlorocholine
chloride, [2—chloroethyl]trimethyl ammonium chloride).

Treatments. Each experiment was conducted in randomized
complete block design with three replications totalling 60 plants
per treatment. Growth retardants at the indicated concns were
prepared in distilled H,O containing 0.1 % Tween 20 and sprayed
to the point of run-off with a hand sprayer. Two additional
applications were made at weekly intervals, and the plants were
harvested one week after the last treatment. Data on growth
characteristics (fr. wt of plant, leaves, stem and total branches,
length, width and number of leaves, length of stem, number of
internodes and internode length) were collected. Controls
sprayed without growth regulator were included in cach
cxperiment.

Oil analysis. A minimum of three representative 10 g samples
of fresh tissue were steam distilled using a simultaneous steam
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distillation—extraction apparatus (J & W Scientific), employing as
internal standards ( + )-isomenthone for sage and (+ )-fenchone
for peppermint. On completion of distillation (1 hr) the essential
oil collected (in pentane) was dried over anhydrous Na,SO, and
kept under N; in a sealed glass tube in the dark at —20° until
analysis. Qil analysis (1 ul samples) was performed by capillary
GC (FID at 230°, 100:1 injection split at 220°) on a 25m
Carbowax 20 M WCOT column operated at 4 mi/min H, and
programmed from 45° (5 min hold) to 180° at 10°/min. FID
output was clectronically integrated, and fr. wt yield and per plant
yield were calculated based on the internal standards. Yield and
relative percent of major oil constituents were also determined.
Data were statistically analysod [29], and the LSD (0.05) of the
means are reported. Identifications of oil components based on
RR, were confirmed by GC-MS comparison of retention times
and mass spectra to authentic standards.
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