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Aktract Fohar application of a wide range of herbicides provided suggestive evidcna for a direct correlation 
bctwccn growth and essential oil production in sage (Soluio oficinolis) grown under controlkd environmental 
conditions. Conversely, foliar application of the growth regulators AMO-1618 and DCPA indicated that moderate 
stunting of growth was associated with an increase in csscnttal oil yictd. Quantitative changes in the principk 
monotcrpcncs of sage oil, /3-piocnc. 1,8cincok, 34sothujonc and camphor, wcrc also obscrvcd in response to the 
various treatments. However. attempts IO correlate the changes in oil composition with alteration in growth or oil y~ckf 
also failed to establish any definitive relationships. Sina the four monotcrpcne components examined arise by 
independent routes from a common precursor, the changes in oil composition observed indicate thaw the applied 
bioreguhtors exert a direct effect on tcrpcnc metabolism by a means indcpcndcnt of growth or development. 

- --- __~. .-- 

IYTRODCCTIOS 

Wads are a serious problem in the cultivatron of aromatic 
plants since they can impart undcsirabkcokur and odour 
to the dertvcd essential oil, as well as dccrcasc the oil yield 
[14]. For thcsc reasons the application of both pre- 
cmcrgencc and post-emergence herbicides has become a 
common practice in the commercial production of aro- 
matic plants, a practice which has conscqucntly stimulated 
interest in the influence of thcsc compounds on aromatic 
plants thcmsclvcs. Such investigations arc numerous. and 
a variety of effects on hcrbagc and oil yield have been 
reported. depending on the nature of the herbicide and the 
timingand ratcofapplication [5- 121. Sinccmanyof thcsc 
studies wcrccarricd out under field conditions it often was 
difftcult to drstinguish the effects of wad control from 
more direst influences on csscntial oil compositton and 
yield. 

WC have initiated a scncs of systematic studies on the 
influence of growth regulators and biorcgulators on 
essential oil-bearing plants rdlscd under controllad cn- 
vironmental conditions [13-l S], and have observed sig- 
nificant changes in both oil yield and composttion. 
Compositional changes arc most not&k in those specks, 
such as sage and peppermint. which produa compkx oils 
containing multipk monotcrpcne components, and in 
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some mstanccs II has ban possible IO corrcktc such 
changes in monotcrpcnc content with alterations in 
monotcrpenc metabolism [ 13-151. In this commum- 
cation WC extend this work IO describe the influence of a 
number of herbicides and growth regulators on growth 
and essential oil production in common sage (.Solcio 
ofiinu/is L.). Sage was chosen as a mcdcl for thcsc studies 
because the csscntia) oil produced contains four key cychc 
monotcrpcnc components [ ( - #pmcnc, I.8cincok. 
( - )3-isolhujonc. and ( + )-camphor] which arc readily 
analyscd by gas-liquid chromatography and. more im- 
portantly. which arc known to arise by indcpcndcnt 
pathways from the common acyclic precursor geranyl 
pyrophosphatc [ 161, thus providing a sensitive probe for 
alterations In monotcrpcnc metabolism. 

MSL:LTS 

A scncs of I7 prc-cmergcncc and postcmcrgcncc 
herbicides were rrccncd at the ltM-40 ppm loliar appli- 
cation kvcl for their influence on growth and oil produc- 
lion in sage (Solciu o#cinalis)and were shown to comprise 
three general categories with regard to effect: those which 
slightly stimulated. or had httk effect. on growth and oil 
production; those which produced moderate stunting of 
growth and a concomitant decrease in oil yield; and those 
which severely stunted growth and signifkantly dccrcascd 
oil yield. Although a range of effects on growth and oil 
yield wcrc observed. compositional changes wcrc surpris- 
ingly uniform. Tabk 1 presents the results obtained with 
three rcprcscntativc hcrbickks: Bcnsulidc. Linuron and 
Be&in. Growth parameters arc reported as a paccntagc 
of control plants which typically weighed 44 g, were 
1520 cm in height. and bore leaves with an average 
sutfaa arca of 7-,8 cm’. 

Bcnsulidc at the low00 ppm application rate (four 
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lnflucnce of hcrbrda and growth regulators on sage 011 677 

sprays at weekly intervals) rcsultcd tn a significant incrcasc 
in vegetative growth as indicated by plant height. plant 
fresh weight and average leaf arca (Table 1) Oil yield on a 
fresh weight basis was incrcascd slightly [stgnitiatnt at 
LSD (0.10) = 0.121. and was mcrcascd by roughly 25’8 
on a per plant basis. Regarding oil composition, the 
proportions of both fi-pinenc and olmphor Increased, 
while the proportions of l.gcincole and 3-isothujonc 
dccrcascd slightly [significant at the LSD (0.10) kvcl]. 
Similar ctl’ccts on growth. oil ytcld and 011 composition 
wcrc observed with Smbar. Mcthabcnzthiazuron. 
Simazinc. Kcrb and Aminophon at the 200 ppm appli- 
cation level. 

Two applications of Linuron at the mdkatcd conccn- 
[rations rcsultcd in a srgniticant dccrcasc m growth at the 
200 and 400 ppm lcvcls (Table I). Oil yield dccrcascd 
moderately (by abut 25 “s,, at the highest application rate) 
on a fresh weight basis. and was rcduccd by about 60”” on 
a per plant basis. Compositional changes obscrvcd under 
the influcna of Linuron wcrc simrlar to those resulting 
from Bcnsulidc treatment. notably an increase m B-pmcnc 
and camphor content and a dccrcasc m the level of 1.8- 
cmcolc and ( - )_3-isothujonc. Similar results on growth, 
011 yield and oil composition were observed with Goal 
2EC. Arcsin. Bromacil and Promctrync at the 200 ppm 
apphcation level. 

Bcncfin was applial only twia. since at the 400 ppm 
level necrosis of the leaf margms was signifmnt (about 
25”~~ of the plants) and additional applications or higher 
rates (600 ppm) were scvcrcly IOXIC. Overall growth was 
srgnihcantly rctardcd, and oil yield on a fresh weight basis 
was rcdoccd by over 30’:, (Table I). 011 yield on a per 
plant basis was decreased greatly to a level only I3 “,, of the 
control value. Although yield reduction was scvcrc. the 
composnional CI~YZIS noted were srmilar IO those ob- 
served with Bcnsulidc and Linuron (i.c an incrcasc in the 
percentages of p-pincnc and camphor. and a dccrcasc In 
the percentages of I.llcincolc and 3-tsothujonc) Even at 
concentrations of Bcncfin below 25 ppm (two appli- 
cations), at which effects on growth were negligible. the 
influence on oil compsillon persisted @pincnc = 5.4”,. 
3-isothujonc = 38.5”/,). Similar results on growth. orl 
y~ckl and oil composition wcrc obscrvcd on comparmg 
Bcnctin to Aminotriazolc. Carbcthamid. Mccoprop. 
Trcflan and Diquat at comparable applicatron rates (2 

x 200 ppm). 
Since carlicr studies with growth retardants had In- 

dicated that oil yield was increased under condttions of 
moderate stunting [ 141, unlike the above results with 
hcrbtcidcs, the influcncc of two addittonal growth rctard- 
ants (AM0 1618 and Malazrdc) and an additronal bio- 
regulator (DCPTA) wcrc cxamincd for comparative pur- 
poses. Four applications of AM0 1618 (which alters 
growth by interfering with gibbcrcllin biosynthcsrs [17]) 
at the indrcatcd concentrations (Table 1) resulted in 
moderate stunting of growth based on all the parameters. 
while prodducing generally significant increases in 011 yield 
on both fresh weight and per plant bases Leaf number per 
plant was unchanged except at the highest concentration 
of AMG 1618 (decreased ca IO:‘;) at which a decrease in 
oil yield per plant was also observed (Tabk 1); lcava were 
darker in colour at all the apphcd concentrations. oil 
cornpositron was generally unaffcctcd cxccpt at the higher 
concentrations where there was a signifant dccrcasc in 
the concentration of isothujonc and a concomitant rise in 
the level of camphor. 

DCPTA, a bioregulator known to influence carotcnoid 
metabolism [ 181. had relatively little ctkct on plant height 
or weight. except at the Zoo0 and 400 ppm Icvcls. whereas 
leaf size was rcduad significantly cvcn at the lowest 
application rate (Table I). Oil yield on both bases was only 
marginally influcnccd. At the highest apphcation me the 
pcrantagc oil yield was highest while the yield per plant 
was lowest. Since leaf number was unalicc~d. this combi- 
nation of results is most likely due to the scvcrcly 
drminishcd leaf SIZC plus prominent chlorosis at this 
application rate. DCPTA had no pcrccptrblc mflucncc on 
the content of @-pincnc or 1,8cincok of the oil. Curiously. 
increasing conccntratrons of DCPTA first increased. then 
dccrcascd. the kvcl of isothujonc, while having the 
opposite influence on the kvcl of camphor (IX a decrcasc 
followed by a significant incrcasc in the lcvcl of camphor). 

Malazidc very markedly reduced plant height and 
weight at all the applicatton Icvcls (IWO sprays at 
75 lOOtI ppm); however. at the higher apphation rates of 
this substance the Icavr~ wcrc substantially incrca.scd in 
SIX and were much darker m colour than wcrc untrcatcd 
controls Ma&de severely decreased oil ylcld on one or 
both bases (Table I). and II was ncccssary to decrease the 
Malandc kvcl to below 20 ppm before ctlccts on growth 
and oil yield were not sigmfmntly different from controls 
The X0-85”, oil yield rcductton per plant at the higher 
applicatron rates (500 and IWO ppm) was due in part IO a 
rcductron in leaf number (by co 30”~; however. netthcr 
this nor the 60-70”, oil yield reduction on a weight basis 
could bc fully ratronalizcd by a dccrcasc m Icavcs. The fi- 
pincnc content of sage oil was unalkctcd by trcatmcnt 
with Malaridc. whereas the lcvcls of l.Xcincolc. ISO- 
thujonc and camphor were rcducal. The reduction m I ,H- 
cmcok, isothupnc and camphor content was accom- 
pamed by an incrcasc in the kvcls of numerous other 
monoterpcncs. including a-pincne. camphcnc. hmoncnc. 
thupne and borncol. as well as of the scsqurtcrpcncs 
humulcnc and caryophyllcnc 

DISCL:ssIOS 

The results obtamcd on examining the influcncc of 
hcrblcrda on sage wcrc suggestive of a loose corrclatlon 
bctwccn growth and csscntial 011 formation. 011 yield 
roughly paralkling growth parameters (Table I). On the 
other hand. studies with the biorcgulator LXPTA and the 
growth retardant AM0 1618 (Tabk I). as well as carhcr 
work with the growth regulators Phosfon D and Cycoccl 
[14], indtcatcd that moderate stunting of plant growth 
need not result in diminishcd 011 yield. and more often IS 
associated with a significant rncrcasc in oil production. 
AddItionally. cytokinins have ban shown IO increase oil 
yield without a sensible clkct on growth or development 
[IS]. It should be noted In this regard that the primary 
sites of monotcrpenc brosynthrvis arc the cpidcrmal 
sccrctory glands [ 191. fully cxposcd structures likely IO bc 

more scnsitivc to the cfkm 01 fohar applied chemicals 
than most other plant parts. In the present study WC 
screcncd nearly 30 foliar herbicides, growth regulators 
and bioregulators for their mflucncc on growth and 
csscntial oil production in sage [ 13. IS] and. with the 
exception of oil yield reduction under scvcrc stunting [as 
with Malazidc (Tabk I )], WC observed no direct rclation- 
ship bctwccn tissue growth and essential 011 formation in 
this specks. Similar, but less extensive. studlcs with 
peppermint [ 1 S IS] forced the same conclusion 
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