15.4.79

oxygen consumption of 0.32 mg/l in a period of 5 days.
From this, it can be calculated that about 10% of the
organic carbon had been converted to CO, (tertiary biodeg-
radation). However, chemical analyses of the incubated
samples indicated that 51% of the product had disappeared
and thus undergone primary biodegradation.

In the aerobic MM-test, the pesticide is dissolved in a
mineral medivm inoculated with soil and incubated at
room temperature on a rotary shaker (cf. the screening test
of the OCDE-method for biodegradability testing of
detergents). A rapid disappearance of Tioctilate was ob-
served (see table). It should be added that the sterile control
A was incubated in the dark, while the sterile control B was
incubated in the light. Hence, Tioctilate is not very suscep-
tible to photolysis. In the anaerobic MM-test, the samples
are incubated under strictly anaerobic conditions. Under
these conditions, only about 40% of the product disap-
peared in a period of 20 days.

The aerobic OM-test corresponds to the standard activated
sludge test for detergents*5. A rapid and complete (99.8%)
biodegradation of Tioctilate was observed, even without a
preliminary adaptation of the sludge system. No apparent
disturbance of the microbial community could be detected
upon introduction of the product to the activated sludge
bassins. For the anaerobic OM-test, a disappearance of up
to 80% was noted after 5 days, while 90% of the product was
biodegraded after 20 days.

Discussion and conclusions. The various experiments indi-
cate that Tioctilate is quite susceptible to microbial meta-
bolism provided aerobic conditions prevail. Hence, this
product should rapidly disappear from oxygen-rich envi-
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ronments such as aerobic waste treatment systems and
surface waters and soils. However, it must be pointed out
that the results of the die-away tests reflect the primary
biodegradation of the compound. The BOD-test, which
indicates the complete conversion of the compound to
carbon dioxide and water, suggests that the tertiary biodeg-
radation of Tioctilate proceeds rather slowly. Nevertheless,
in view of the nonxenobiotic character of the immediate
metabolites of Tioctilate (i.e. benzoic acid and octanethiol),
one can expect a normal albeit slower mineralization of
these metabolites in acrobic environments.

The results of the anaerobic tests reveal that, provided
organic matter is present, Tioctilate is metabolized fairly
rapidly by the bacteria. In oligotrophic anaerobic environ-
ments, however, the biodegradation proceeds rather poorly.
These results indicate that in the most important anaerobic
habitats such as septic tanks, methane digesters, sewers and
sludge-waters interphases of rivers, a fairly rapid disappear-
ance of Tioctilate will occur.
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Conjugated terpenoid ketones: A new group of plant growth regulators’

P.S. Kalsi, B.R. Chhabra and O.S. Singh

Departments of Chemistry and of Botany, Punjab A gricultural University, Ludhiana (India), 19 July 1978

Summary. a,f-unsaturated terpenoid ketones have a root-inducing property on the hypocotyl cuttings of Phaseoulus
aureus. Significantly isopatchoulenone (I) is distinctly more active in causeing rooting over JAA,

Terpenoid lactones are emerging as a new group of plant
growth regulators. The biological activity of these natural
products is associated with the exomethylene group in
conjugation with the lactone carbonyl and this structural
feature is almost indispensable? for this action. An earlier
communication® from our laboratory showed that some

terpenoid y-lactones, in which a cyclopropane or a trisubsti-
tuted double bond was in conjugation with the lactone
carbonyl are more active than a-methylene-y-lactones.

Recently* terpenoids with a cross conjugated ketone moiety
have been shown to cause adventitious root formation in
the hypocotyl of mung bean cuttings. In order to obtain
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Effect of terpenoids on the root formation of Phaseoulus aureus

Concentration (ppm)

S ppm 10 ppm 15 ppm 20 ppm 25 ppm

Number of roots
Isopatchoulenone o 6.0+1.2 268114 337+13 430+1.8 546+ 1.4
Cyperene an 56+14 64+12 72+12 6.8+1.4 73x1.1
P%per?tenone {m) 21.0+ 1.7 34.6+1.1 17.0+14 23.5%1.5 285+1.8
Piperitone av) 312413 287114 275+1.5 205+1.3 182+1.3
Carvone V) 56+£1.7 6.6+1.3 78%1.3 5.6+1.5 64+1.2
Pulegone (VD 156412 17.0£1.3 238%1.1 17.0£1.3 1461 1.6
a-Ionone (VID) 11.0+1.3 97416 100x 1.7 112413 13.5+12
B-lonone (VIII) 6.6+£12 252413 240114 216+1.3 155+ 1.5

Mung bean rooting tests were performed in the laboratory using the basic methodology of Hessé. IAA was dissolved in minimum
quantity of ethyl alcohol and the dilutions were made with distilled water to give a standard ppm solution for control reference.

Control experiments: HyO: 7.6+ 1.4; TAA (10 ppm): 16.7+1.8.

structure-activity data a large scale screening of essential
oils and their component terpenoids was undertaken in this
laboratory for their evaluation as plant growth regulators.
The essential oil from the tubers of Cyperus scariousus
significantly induced the formation of roots on the stem
cuttings of Phaseoulus aureus. A major identified terpenoid
constituent of this oil is the crystalline a,f-unsaturated
ketone isopatchoulenone® (I). Our earlier findings®, that
structurally related cross-conjugated terpenoid ketones
stimulate root formation, suggested that the biological
activity of the essential oil may be due to L.

These data prompted us to evaluate a,-unsaturated terpe-
noid ketones for regulating growth in plants. The work
reported in this paper shows that, with the glaring excep-
tion of carvone (V), a,f-unsaturated ketones cause adventi-
tious root formation in the hypocotyl cuttings of P. aureus.
At suitable concentrations (table), several conjugated
ketones were found to be more potent to cause root
formation over IAA. Significantly isopatchoulenone (I) in
concentrations above 10 ppm was more prominent in
displaying this effect.

This is to our knowledge the first demonstration of root-
forming ability of a,f-unsaturated terpenoid ketones. To
confirm that the plant growth activity in I is due to a,f-
unsaturated ketone moiety was revealed when the root
promoting activity fell off in cyperene (II), which is the

parent hydrocarbon of I, and is present in the same
essential oil as another major component.

A comparison (table) of stimulation of rooting by I with
TAA and other conjugated ketones suggests that the extent
and position of substitution of enone chromophore, togeth-
er with the endo- or exo-position of the double bond in the
ring, may be the deciding factor for this action. Interesting-
ly like* (IX and X) a-ionome (VII) with a disubstituted
double bond is only slightly active over control ex-
periments. With extended conjugation its isomer f-ionone
(VIII) regains the root-inducing potential which is more
than IAA at 10 ppm. :
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Absorption and translocation of tetrachlorodibenzo-p-dioxine by plants from polluted soil'

S. Cocucci, F. Di Gerolamo, A. Verderio, A. Cavallaro, G. Colli, A. Gorni, G. Invernizzi and L. Luciani

Istituto di Chimica Agraria, Cattedra di Fisiologia Vegetale, Universitd degli Studi di Milano, via Celoria 2, Milano (Italy),
and Laboratorio Provinciale di Igiene e Profilassi, Milano (Italy), 4 September 1978

Summary. Measurements were made of contamination of plants grown in soil polluted with tetrachlorodibenzo-p-dioxine.
Findings show that the pollutant is absorbed and translocated by the plants studied and suggest that the pollutant may be

eliminated in the course of time.

After the explosion of the trichlorophenol reactor at Seveso
in northern Italy? which caused an escape of tetrachlorodi-
benzo-p-dioxine (hereafter referred to as TCDD dioxine),
which is a toxic (teratogenic and acnegenic™?) substance, a
knowledge of intake, accumulation and metabolization of
TCDD by higher plant life came to be of vital importance.
The possible ability of plants to take in and accumulate
dioxine might represent a danger in spreading pollution;
furthermore, their ability, if any, to take in, accumulate and
eliminate dioxine might contribute to resolving the prob-
lems of decontamination; it might, for example, be the only
solution to the problem of reclaiming extremely extensive
areas of land with a low level of pollution.

Isensee and Jones® have experimented with oat and soya
plants, showing that dioxine does not appear to interfere
with growth of the plant to maturity, and that it is found in
limited quantities in the tissues and does not appear to
accumulate. Their studies also reveal that TCDD concen-

" tration in plants appears to réach a maximum level and

then to decrease with time, particularly in the aerial part of
the plant. Isensee and Jones suggest a removal by metabol-
ization, volatilization from the tissues or backward trans-
port to the roots.

The possibility that plant life may in some way degrade
dioxine has been suggested by US Air Force reseéarch
workers, who have shown that, when plants are treated with



