mained stable and were similar to those
found in the nonfumigated species,
93.5% and 6.5 % for (—)- and (+)-«-
pinene, respectively (Table 2).
Moreover, in all the analyzed samples
the total amount of the monoterpenes
as well as the percentual distribution of
the individual monoterpenes were
similar.

However, it should be left open wheth-
er the ratio of (—)/(+)-a-pinene re-
mains unchanged after treatment of the
trees at elevated O; and SO, concentra-
tions (= 100 ppb) or after other stress
conditions, e.g., water stress.

Similar experiments are being planned
on selected shrubs belonging to the Med-
iterranean macchia, e.g., rosmarine,
lavender, salvia, etc. It can be anti-

cipated that as far as the distribution of
the optical isomers is concerned, the
ratio of ( —)-a-pinene/(+ )-c-pinene in
rosmarine, salvia, and lavender com-
pared to that of the investigated spruce
trees was quite different, i.e., 0.8, 2.0,
and 0.8, respectively.
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Mineralization Kinetics and Utilization as an N Source
of Dicyandiamide (DCD) in Soil

S. S. Rajbanshi, G. Benckiser, and J. C. G. Ottow
Institut fiir Mikrobiologie und Landeskultur der Universitit,

W-6300 Giefien, FRG

Dicyandiamide (DCD, cyanogua-
nidine) is a widely used nitrification
inhibitor in German agriculture. The
inhibitory effect of DCD, however,
varies considerably and depends upon
its stability in soil. In early investiga-
tions [1, 2], mainly physicochemical
mechanisms affecting dicyandiamide
decomposition were considered. Re-
cently, several bacteria degrading DCD
in pure cultures were isolated [3-5]
confirming the microbiological rather
than chemical nature of DCD de-
composition in soils. If DCD is metab-
olized by a specific part of the soil mi-
croflora, DCD decomposition should
show a clear lag phase (time required to
induce the enzymes involved) and tem-
perature dependence. DCD contains
ca. 66% N (w/w) and the question
arises whether microorganisms may use
this compound as a single nitrogen
source.

Two sets of incubation experiments
(each in three replicates) were carried

26

out using Didin*-pretreated (30 kg
ha~! three times a year) or non-pre-
treated grassland silt loam soil (pH 6.1,
C;2.9 %, N,0.25 %) [6]. Five-hundred-g
portions of the pretreated or non-pre-
treated air-dried soil (< 2 mm) were
carefully mixed with dicyandiamide
(16.7 pg DCD-N g~! dry soil), mois-
tened (80 % WHC), incubated (10, 20,
and 30°C), and analyzed for DCD [7]
at regular intervals. In the second set of
experiments, the effect of a simple
carbon source (citrate) on the utiliza-
tion of DCD by soil microorganisms
was examined. A neutral phosphate
buffer solution of Strensen (165 ml dis-
tilled water containing 0.885 g KH,PO,
and 1.81 g Na,HPO, - 2H,0) was au-
toclaved (15 min at 121°C) in 1-1 Er-
lenmeyer flasks together with 10 ml of
trace elements solution (Hoagland).
After cooling the sterilized solutions

* Commercial name of dicyandiamide
produced by SKW AG, Trostberg, Germany

(each 175 ml) to room temperature, 25
ml of sterile filtered (membrane filter
0.2 pm, Schleicher & Schuell, Ger-
many) dicyandiamide-N (25 mg) and
sodium citrate (0.405 g) solution were
added to each flask. The flasks were
finally inoculated with 50 ml of a soil
exiract prepared by shaking (1 h) 500 g
of air-dried non-pretreated soil with 0.5
| sterile distilled water (with 0.18 %
Na,P,0,-10H,0) and subsequent
filtering. The flasks were continuously
shaken (25°C in darkness) over an
orbital shaker at 100 rpm. Dicyan-
diamide [7] and citrate [8] contents
were measured quantitatively at regular
intervals using a Hitachi U-3200 spec-
trophotometer.

In Fig. 1 the decrease in DCD in the
pretreated (a) and non-pretreated (b)
soils at different temperatures is com-
pared. In the pretreated soil mineraliza-
tion started immediately at all tempera-
tures (10, 20, and 30°C), while in the
non-pretreated samples a clear lag
phase was recorded (at 10 and 20°C,
respectively). The lag phase shortened
with increasing temperature, suggesting
a rapid enzymatic adaptation of a part
of the microflora. At 30°C microbial
adaptation is rapid and DCD mineral-
ization started nearly without delay
even in the non-pretreated soil. Once
adapted, microorganisms decompose
DCD at a constant rate following zero-
order kinetics. Microbial adaptation
and temperature are two important
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Fig. 1. Decomposition kinetics of dicyan-
diamide in pretreated (a) and non-pretreated
(b) soil at 10, 20, and 30°C, respectively.
Note the different scales on the axes

factors that determine the persistence
of chemicals in the soil. Note that DCD
disappeared completely in the pre-
treated soil within 6 ~ 7 days (30°C) but
could be measured under the same con-

DCD-N[mg1''] citrate-c[g17"]

decomposition proceeded rapidly in the
presence of citrate and ceased as soon
as the carbon source became exhausted.
Apparently, DCD is used as a nitrogen
source most probably because of its
narrow C/N ratio (ca. 0.4). A complete
degradation of DCD (Fig. 2) even after
the complete utilization of citrate could
be expected, but was not observed
during 6 days after the disappearance
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Fig. 2. Utilization of dicyandiamide in rela-
tion to citrate-C consumption by a mixed
consortium of soil microorganisms

ditions in the non-pretreated soil for up
to 24 days. In the pretreated soil the de-
composition rate was reduced by about
50 % with every 10°C decrease. This is
characteristic for enzymatic processes.

In Fig. 2 the mineralization of DCD by
a consortium of soil bacteria in relation
to the utilization of citrate is presented.
After a short adaptation phase, DCD
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3,7,7-Trimethyl-1,3,5-cycloheptatriene in Volatiles
of Female Mountain Pine Beetles, Dendroctonus

ponderosae
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Recently, we have reported that female
mountain pine beetles, D. ponderosae
Hopkins (Coleoptera: Scolytidae), pro-
duce monoterpene hydrocarbons such
as  4-methylene-6,6-dimethylbicyclo-
hept-2-ene  (verbenene), p-mentha-
1,5,8-triene, and o-mentha-1,4,6-triene

[1]. Following the discovery that ver-
benene is a new aggregation pheromone
of the spruce beetle, D. rufipennis
(Kirby) [2], we reanalyzed volatiles of
mountain pine beetles in search of
monoterpene hydrocarbons which may
serve as aggregation pheromones.
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Mountain pine beetles emerging from
naturally infested lodgepole pine logs,
Pinus contorta var. latifolia Engel-
mann, were collected, sexed, and
300—350 males and females, respec-
tively, inserted into a Pyrex glass tubing
(Fig. 1). The aeration device was sim-
ilar to Rudinsky’s “apparatus for col-
lecting volatiles from living beetles in
simulated galleries” [3], but beetles
were not individually caged within the
tube. A constant aspirator-driven and
charcoal-filtered airstream was main-
tained through the tube for 10 days,
collecting beetle-released volatiles on
Porapak Q (Fig. 1).

GC-MS analyses of volatiles released
by emergent, unfed male D. ponde-
rosae disclosed the aggregation pher-
omone exo-brevicomin [4, 5], endo-
brevicomin, and frontalin [6] in a
10.6:1.0:0.01 ratio (Fig. 2). Mass
spectra of further unidentified com-
pounds resembled those of bicyclic ke-
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