
Phywimimy. Vol. 25, No. 7. pp. 1603-1606. 1986. 0031-9422/86 $3.00 +a00 
Rimed io Orcar Britain. ikaxmnon Jounuls Ltd. 

INFLUENCE OF PHOSFON D AND CYCOCEL ON GROWTH AND 
ESSENTIAL OIL CONTENT OF SAGE AND PEPPERMINT* 

NAIEM E EL-KELTAWI~ and RODNEY CR~TWU 

Institute of Biological Chemistry, Washin8toa State University, Pulhan, WA 99164440, USA. 

(Rtedmi 25 C?czo&r 1985) 

Key Word Idex-S&o oJicinali.s sag% Menrho piperir~ peppermint; Lamiacart; metaLx%ism; *uentiai oils; 
mono- growth retardants; Pbosfon D; Cycuxt. 

Abutraet-Foliar application of Phosfon D at 504OOppm stimulates the growth of Solrricr o@&alis (sage) and 
moderately retards the growth of Meha pip&to (pcppmht), whik increasin gtheeasentialoilyieldofbothspazicsby 
5&70 % Phosfon D &reascs the proportions of ( -blisothujone and ( +)-3thujone in sage oil and w the level 
of ( -)-&pinene and (+)camphor, whereas this growth retardant increases the proportions of (+~isomenthone 
and ( + )-ncoisomenthol in peppem&t oil and duxeascs the level of ( - bmenthoneand ( ->menthoL Foliar application 
of Cycoccl 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 inlluence of Cycocel on sage oil composition was the opposite of that of Phosfon, 
with a tendency to immasc the level of ( -)+pinene and decrease the level of ( -)-fisothujone under severe stunting 
The eff&t of Cycocel on the composition of pcppcmiint varied with concentration. The i&luence of growth retardants 
on essential oil composition and yield are most readily explained by alterations in the levels or activities of the rekvant 
entymes. 

INlRODUCT’lON 

Growth retardants, such as Phosfon D and Cyatcel, exert 
their effect at the level of gibberellin metabolism fl, 21, 
and are also known to influtna the accumulation or 
depletion of other isoprenoids. including sesquiterpenes, 
diterpenc resins, triterpenes and higher terpenoids [37]. 

Relatively little attention has been directed toward the 
inguencc of growth retardants on the production of 
essential oils and their monoterpene constituents. 
Cycoa4, although stunting the growth of rose geranium 
(Pelargonium grmeolens~ was reported to increase essen- 
tial oil yield and alter the proportion of the acyclic 
monoterpcnoid constituents [8]. The same compound 
had little effect on essential oil production in Davena 
(Art&b pailens, Wall.) [9]. Application of Phosphon D 
as a soil drench with peppermint (Me&to piprrita, 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 [lo]. 

The present study was undertaken to examine the 
influence of two common growth retardants (Phosphon 
D and Cyml) [l t-133 on essential oil formation in 
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peppermint and sage (S&a oJi&alis, L.) 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 [M-16] and 
because the biosynthetic origins of most of the relevant 
moaoterpene constituents have been recently deciphered 
[17, 181. 

RESULTS 

h@unce of Phosfon D on sage 

Three weekly foliar applications of Phosfon D at 
50ppm signiEcantly increassd plant growth, with a 
30-35 % increase in fresh and dry weight (reflected in both 
stem and leaves) and a l&15% increase in height. At 
100 ppm Phosfon D, the treated plants were indistin- 
guishabie from the controls, although dry weight re- 
mained elevated by IO-20%. At 200 ppm Phosfon D. 
stunting was severe with a 50 % rbduction in height and a 
35-00 % 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 inmaeed the 
essential oil content of sage on both a fr. wt and per plant 
basis compared to tbe controls (Table l), 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 f -h34sothujone and (+)-3- 
thujone, and daxeasing the level of the ketone (-t-b 
camphor (Table 1). The levels of &pinene and of the 
sesquiterpenc 01&s humulene and auyophyllenc were 
also reduced. However, the levels of the monoterpene 
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oil composition ( ‘/3 

TrWItK%it 

CPilykld a-pinenc 
Mtl sesqui- 

ppm %fr. wt mg/pbnt camphenc 8-piacne 1,8&eok isothujouc thujonc camphor tapcncs 

o.16 367 7.2 11.7 9.9 
so a19 528 7.6 123 Il.8 

100 Q24 53.2 63 la6 8.8 
2oo a27 37.7 7.6 9.9 9.8 

a02 Se.8 NS 1.0 1.3 

a15 33.0 8.7 8.3 9.4 
250 a15 328 7.6 8.1 9.7 
soo a15 28.1 8.9 8.0 la9 

loo0 a12 221 la8 9.3 la7 
2ooo 0.11 21.2 a9 123 11.1 

ao2 4.6 NS 1.9 NS 

34.8 
34.7 
47.6 
46.2 

7.0 

40.1 
41.1 
41.9 
33.7 
2a.9 
7.9 

3.6 13.4 11.7 
4.8 11.7 7.9 
is 9.7 6.3 
5.4 la7 4.1 
1.2 23 20 

5.3 164 9.3 
5.5 13.1 9.4 
5.5 11.2 9.6 
6.2 11.8 122 
4.7 13.0 8.2 
NS 26 24 

l NS: Not sign%mnt. 

olefins a-pincne and camphcne, and of the cyclic ether 1.8- 
cincoIe, were csscntntlly uneffectcd. 

Znjluence of Phosfon D on peppermint 

At the SO ppm appliattion rate of Phosfon D, the 
treated plants were indistinguishable from controls, but 
stunting was marked at the 100 and 200 ppm fcvcls. At 
100 ppm, plant fresh weight was reduced by 20% 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. Ltavcs were moderately to 
severely chlorotic and greatly reduced in size. 

Fohar application of Phosfon D at all concentrations 
resulted in sign&ant increase in fr. wt yield, but at the 
highest application rate oil yield per plant was greatly 
rcducod (Table 2). Major effects on oil composition werca 
decrease in the levels of menthone and menthol, and an 
increase in the proportion of isomcnthone, ncoiso- 
menthol and 1,84ncole. 

Znjhence 0fCycocel on sage 

Foliar application of Cyaxxl at 2SOppm had 
csscntiahy no effect on the growth of sage. However, in the 
SOO-2000 ppm application range stunting was pro- 
nounced. At the 500 ppm level, plant height was reduced 
by 55 % and fr. wt by 20 %, whereas at the 2000 ppm level, 
plant height was reduced by 70 % and fr. wt by SO %. At all 
concentrations of Cycocel the leaves were intensely green. 

Unlike the result observed with Phosfon D, oil yieId 
on both fr. wt and per pIant bases dazrcaacd as stunting 
under the influcna: of Cycocel increased (Table 1). 
Compositional effects with Cycocel were also the opposite 
of those obscrvod with Phosphon D, notably an increase 
in the proportion of /I-pinene and a decrease in the 
proportion of isothujone. The camphor level dccrcascd 
under the influence of both growth retardants. 

Znjhence of Cycocel on peppermirtt 

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

Tabk 2 E&s of growth retardants on yield and composition of pq+nnint oil 

oil yield Oil composition ( YJ 

-rrcatmctlt wm % fr. wt atg@iuu mcnthonc 

Control 
Phosfon D 50 
Phosfoo D 100 
Phosfoa D 200 

LSD (aos) 

a25 381 39.8 
0.41 47.8 40.2 
a45 46.1 324 
a43 26.2 29.3 
a05 5.4 6.0 

O-24 366 342 
a27 44.6 36.1 
0.22 M2 43.7 
al7 29.2 28.3 
a04 5.1 9.2 

17.7 
17.8 
M.6 
20.9 
NS* 

14.6 
15.3 
14.2 
9.6 
1.9 

nuntbol ocoiromcnthol 1,lbcineok 

20.2 27 
19.7 4.1 

146 5.9 
15.1 6.6 
1.7 0.7 

21.6 4.1 
21.2 3.8 
18.7 4.7 
18.3 4.9 
NS NS 

4.5 
4.1 
4.1 
4.3 
NS 

5.4 
6.2 
5.9 
4.9 
NS 

l NS: Not signi6cant. 
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fr. wt and plant height by roughly 10%. Plants treated 
with SCKtppm Cycocel were morphologically indistin- 
guisbable 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 10 % 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 intluence on growth. Compositional 
effects 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). 

DISCU!WON 

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 yield 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 inlluence 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 (- b3-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 [ 191. Both ( - )+pinene and 
(+)-camphor content decrease under the influence of 
Phosfon D and, since both monoterpenes arise via 
alternate cyclizations of geranyl pyrophospbate, 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 sesquiterpcne 
olefins, humulene and caryophyllene, in sage oil (Table I), 
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: I in the oil of Phosfon 
D-treated plants suggesting separate origins of these 
olefins from famesyl pyrophosphate 1223. 

Phosfon D served to decrease the level of ( - ~menthone 
and (-)-menthol in peppermint oil, while increasing the 
level of the epimeric ketone and alcohol, ( + ~isomenthone 
and (+ )-neoisomenthol. respectively (Table 2). Since ( - )- 
menthone and ( + )-isomenthone arise by alternate stereo- 
specific reductions of the isopropylidene double bond of 

(+)-pufegone [23.24], Phosfon D must after the 
proportion of tbe responsible reductasea The level 
of (+ )-pulegone in the oil (- 2 %) was not significantly 
influenced by Phosfon D treatment, and the precursors 
of pulegone (limonene, isopiperitenol. isopiperitenone, 
etc.) [2S], remained at trace or very low levels 
(< 2 %) 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 dehydrogenase [i.e. reduction of 
(- )-menthone yields ( - bmenthol. whereas (+ )-iso- 
menthone yields ( + +oisomenthol] [26]. 

Sage was more sensitive to the stunting effect of Cycocel 
than was peppermint. Oil yield in sage was unaffected by 
low concentrations of Cycocel, but decreased as stunting 
increased. Oil composition in sage was intiuenced 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 ( - )+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 [M-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 yield 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 

Plunf material. Sage (S&h ofidnafis, L.) was grown from seed 
and peppermint (Mmtha piperiro. L) was propagated from 
single-node cuttings of etiotated rhixomes. The plants were 
grown in peat moss in a growth chamber with a 14 hr photo- 
period (900 f 100 fc, tluorestznt/incaodwcent), 29” &y/25” night 
temp. cycle and relative humidity of 62* 12%. Plants were 
watered as needed and fed weekly with a compkte fe-rtitircr 
(N:P:K, 20:20:20. with microekmentsaod iron chelatc). Ptants 
wre thinned and altowed to grow for 5 weeks before treatment 
with Phosfon D (tributyl[f4dichlorobenayl]phospbonium 
chloride) or Cycocel (Chlormequat chloride, chlorocholine 
chloride, [Zchloroethyl]trimethyl ammonium chloride). 

Deabnenrs. Pacb experiment was conducted in random&d 
annpkte block design with three replications totalling 60 plants 
per treatment. Growth retardants at the indicated ccncns were 
preprtd in distilkd HsOcontaining0.1 %Twecn 20and sprayed 
to the point of runotf with a hand sprayer. Two additional 
applications were made at weekly intervals, and the plants were 
harvested ooc week after the last treatment. Data on growth 
&UXMSLX (fr. wt of pknf leaves, stem and totat branches, 
kngth, width and number of leaves, kogth of stem, number of 
ixmmda 8nd internode length) were collected. Controls 
sprayed without growth regulator were included in each 
experiment. 

Oil analyslr. A minimum of three reprencntative 10 g samples 
of fresh tissue were steam distilled using a simuhaneom steam 
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disIiUatiomxtraction l ppuatus (J & W S&ntitic),employingu 
internal standards ( + )-isomentbonc for w and ( + ~fenchone 
for peppermint. On completion of distillation (I br) the awntial 
oil coUada! (in pcnt8nc) was dried over hydrous NalSOI and 
kcptuadaN1ina~bd~tubcincbe~k8t -2o”until 
tiysis. Oil analysis (1 /d samples) was performad by capillary 
GC (FID at 2w. 100:1 injection split at 2#p) on a 25 m 
Carbowax 20 M WCOT column operated at 4 ml/mio H, and 
programmed from 45” (5 min hold) to 180” at lo”/min. FID 
output w8a ekctronially intcgr8a and fr. wt yield and pex phnt 
yield m cakulmtal baaed on the internal standarda. Ytcdd and 
relative percent of major oil constituents were & dstsrminai. 
Data were statistially a&sod [29]. and the LSD (0.05) of the 
mans arc reported. ldcntidations of oil components based on 
RR, were amtirmai by GC-MS comparison of retention times 
and mass spectra to authentic rtandards. 
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