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Fig. 5. i+~ .lrawing of a multichannel reflection seismic profile extending from the southern
Grand F+  to the J-anomaly ridge (see location in Fig. 1).

slabs (/4) with a poorly preserved micro-
fauna, interpreted by one of us (F.M.G.)
as probably Early Cretaceous in age.
These carbonates are composed of a
mixture of volcanic grains and highly
micritized skeletal carbonate grains and
are shallow marine in origin. An Albian-
Cenomanian coarse, skeletal limestone
is present in the Amoco Imp Heron H-73
well (Fig. 1) on the southern Grand
Banks margin (/5, 16).

It would appear that the limestones at
site 384 are part of a middle Cretaceous
carbonate bank complex which devel-
oped along the southern and eastern pe-
riphery of the Grand Banks. These car-
bonate banks were discontinuous and lo-
calized in a shallow marine environment
in areas of low terrigenous sediment sup-
ply near the shelf’s margin.

Seismic data provide additional evi-
dence for the relation between the south-
ern Grand Banks margin and the J-anom-
aly ridge. Figure S is a line drawing of a
24-channel seismic reflection profile ex-
tending from the southern Grand Banks
to the northern flank of the J-anomaly
ridge (Fig. 1). A strong reflector, C, can
be traced from the Grand Banks, where
it has been identified from well control as
corresponding to the Early Cretaceous
unconformity (3-5), to the southern end
of the seismic line at a water depth of ap-
proximately 3700 m. Sediments over-
lying reflector C at the southern end of
the profile are about 0.6 second thick.
Midway along the profile to the north,
the sedimentary section over reflector C
exceeds 3.0 seconds in thickness. On the
southern half of the profile a succession
of weak but continuous reflectors ex-
pressing apparent southerly dip is visible
beneath reflector C. These events are
disrupted and show change in attitude
beneath the flank of the J-anomaly ridge,
but are present to at least 3.0 seconds be-
low reflector C. By extrapolation from
the Grand Banks, these events are inter-
preted as reflections from sedimentary
strata, Early Cretaceous or older in age.
Assuming that this seismic profile de-
fines the primary nature of the J-anomaly
ridge, this feature would appear to be a
foundered fragment of the Grand Banks
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structural block. It is suggested, there-
fore, that site 384 was drilled to the Early
Cretaceous unconformity, where it bot-
tomed probably in a basalt flow rather
than in true oceanic basement. This ba-
salt flow might be coeval with mafic ex-
trusions on the Grand Banks and Labra-
dor Shelf 6, 8).

The comparable subsidence of the
southern Grand Banks margin and the J-
anomaly ridge, the presence of coeval
shallow marine limestones in both re-
gions, and the presence of seismic reflec-
tors on the flank of the J-anomaly ridge
below the strong seismic reflector C lead
us to propose as an alternative hypothe-
sis that the J-anomaly ridge was a part of
the Grand Banks continental block in
(late) Early Cretaceous time. Among the
broader implications of this hypothesis is
that continental crust extends seaward to
the J-anomaly ridge. If the J-anomaly
ridge in the eastern Atlantic (/7) is of
similar origin, then less spreading oc-
curred in this segment of the North At-
lantic Basin than has generally been pro-
posed (2). It would further imply that the
southwestern margin of the Grand Banks
was probably not the site of a major
transform fault during this spreading.

These speculations appear to be in
conflict with conventional interpreta-
tions of the magnetic anomalies west

of the J-anomaly ridge (2, /8) and high-
light the need for further comparison of
the sedimentary and igneous stratigra-
phy of the southern Grand Banks with
that of the adjacent floor of the ocean.
F. M. GRADSTEIN
A. C. GRANT
L. F. JANsA
Atlantic Geoscience Centre, Bedford
Institute of Oceanography, Dartmouth,
Nova Scotia, Canada B2Y 4A2
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Chemical Bioinduction of Rubber in Guayule Plant

Abstract. The treatment of young guayule plants with 2-(3,4-dichlorophenoxy)-tri-
ethylamine stimulated the accumulation of polyisoprenoid rubber in the stem and
root tissues. This finding suggests that rubber productivity can be improved by the
use of chemical agents on guayule and other rubber-forming plants.

Considerable effort has been directed
toward the development of renewable
energy sources to alleviate dependence
on imported fossil fuel. Attention has fo-
cused on the direct production of hydro-
carbons in plants such as Hevea (Hevea
brasiliensis, Mull, Arg.), Euphorbia tiru-
calli L., and guayule (Parthenium ar-
gentatum A. Gray) (/). We present evi-
dence for the bioinduction of polyiso-
prenoid rubber accumulation in guayu-

le by 2-(3,4-dichlorophenoxy)-triethyl-
amine (2) and suggest that the finding
could make this Compositae shrub of the
North American desert a viable domestic
source of hydrocarbons, including natu-
ral rubber. The amount of rubber accu-
mulated in the stems and roots of treated
guayule was marked.

Earlier we reported the chemical
bioinduction of tetraterpenoids in a wide
range of carotenogenic tissues (3). We
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outline here further extension of our
work on bioregulation of plant constitu-
ents.

We used cuttings (¢) in initial experi-
ments because entire plants were not
available in the southern California area.
Because the cuttings appeared to accu-
mulate rubber when treated with 2-(3,4-
dichlorophenoxy)-triethylamine (5), we
tested entire seedlings grown in the
greenhouse (6) (Table 1). Field-grown
plants were tested in subsequent experi-
ments (7) (Table 2). The data in Tables 1
and 2 show a 2.2- to 6-fold increase in the
amount of rubber accumulated in the
treated plants. In the initial experiments,
cuttings were treated with a formulation
that included 2-diethylaminoethanol.
This compound alone did not cause rub-
ber to accumulate, but appeared to in-
fluence the magnitude of the plant re-
spoﬁse to 2-(3,4-dichlorophenoxy)-tri-
ethylamine.

Curtis (8) reported that rubber accu-
mulation was larger in older than in
young plants and that commercially im-
portant quantities are found only in the
barks of the stems and roots. Artschwa-
ger (9) showed that in plants older than 1
year the vascular rays of phloem and xy-
lem carry the major portion of the rub-
ber. Other parenchymatous tissues, the
pith, primary cortex, epithelial cells of
the resin canals, and xylem parenchyma,
contain lesser amounts of rubber, and
leaf parenchyma contains only trace
amounts. In plants younger than 1 year
old, however, these lesser sources con-
tribute a relatively larger part of the total
rubber. All of the plants used in our
study were less than 8 months old.

We found the rubber of guayule to be
‘present in parenchymatous cells as a la-
tex, just as in lactiferous plants, in agree-
ment with earlier observations (/0).

Several strains of guayule were treated
and observed for 10 months. The 2-(3,4-
dichlorophenoxy)-triethylamine did not
appear to harm either the foliage or the
growth of the plants at the concentration
[5000 parts per million (ppm)] used.

Bonner (/1) reported that the accumu-
lation of rubber ordinarily is small during
spring and summer, the period of vigor-
ous growth, and rapid from early fall
throughout the winter. Low night tem-
peratures and water stress favor rubber
accumulation (/7). At the time of treat-
ment with 2-(3,4-dichlorophenoxy)-tri-
ethylamine, both the greenhouse- and
field-grown plants were vigorously grow-
ing and were not subjected to water
stress. The larger induction of rubber ac-
cumulation in the bare-rooted plant
maintained in Hoagland’s nutrient solu-
tion is due probably to conditions favor-
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able to rubber formation but not to vege-
tative growth, although the rubber con-
tent of the control plant remained
constant in the relatively short period af-
ter treatment. Conceivably, the magni-
tude of response in field-grown guayule
plants will be greater when treated dur-
ing periods of water stress or dormant
growth than during periods of vigorous
vegetative growth. Also, larger yields
can be expected from older plants.
Guayule is native to the Chihuahuan
Desert of north and central Mexico and
the adjacent Big Bend region of Texas.
The plant can be grown in arid and semi-
arid lands of the southwestern United
States (/2). During World War II,
guayule was extensively investigated as
a domestic source of natural rubber un-

Table 1. Bioinduction of polyisoprenoid rub-
ber in stem and root tissues of greenhouse-
grown guayule seedlings (4 months old) by
2-(3,4-dichlorophenoxy)-triethylamine.  The
seedlings were treated with 5000 ppm of
2-(3,4-dichlorophenoxy)-triethylamine, 5000
ppm of 2-diethylaminoethanol, and 125 ppm
of Ortho X-77 (wetting agent). Controls were
treated with emulsion of 5000 ppm of 2-
diethylaminoethanol and 125 ppm of Ortho X-
77. Shortage of single-strain plants necessari-
ly limited the number of plants used in each
test. All the plants were harvested 3 weeks af-
ter treatment and were in a state of vigorous
vegetative growth; the rubber content was
then determined (/4). Each result represents
the mean of four plants.

Rubber content
(mg/g, dry weight)

Strain
Control Treated
235 9.5 322
245 15.0 41.0
244 13.0 28.0

Table 2. Bioinduction of polyisoprenoid rub-
ber in stem and root tissues of field-grown
guayule plants (8 months old) by 2-(3,4-dichlo-
rophenoxy)-triethylamine. The plants were
treated with 5000 ppm of 2-(3,4-dichlorophe-
noxy)-triethylamine, 5000 ppm of 2-diethyla-
minoethanol, and 500 ppm of Sweep 4F (wet-
ting agent). Controls were treated with 5000
ppm of 2-diethylaminoethanol and 500 ppm of
Sweep 4F. All plants were in the stage of good
vegetative growth and remained so during the
period of study. Three weeks after treatment,
entire plants were harvested, and the rubber
content was determined. Each result repre-
sents the mean for five plants except as noted.

Rubber content

Strain (mg/g, dry weight)
Control Treated
233 8.2 24.0
240 10.0 36.5
240 11* 66*

*Entire plant was harvested and maintained bare-
rooted in complete Hoagland’s nutrient solution for
I week. The plant was treated as described above.
Each result represents one plant.

der the Emergency Rubber Project (13).
The program, centered in the Salinas
Valley of California, was terminated
when synthetic rubber was developed.
Our preliminary study suggests that the
use of 2-(3,4-dichlorophenoxy)-triethyl-
amine is a major step toward the fea-
sible, economic production of rubber
from guayule plants. Campos-Lopez (/3)
has suggested that the resins may be as
valuable as the rubber because they con-
tain important chemical intermediates,
such as the lower-molecular-weight ter-
penes. The effect of the triethylamine on
molecular weight distribution and on the
composition of resin fraction still re-
mains to be determined.

The response of guayule to 2-(3.,4-
dichlorophenoxy)-triethylamine should
also enable examination of the gene con-
trol mechanism involved in the isopre-
noid biosynthetic pathways. Further, the
compound might also affect the isopre-
noid biosynthetic pathways in other
hydrocarbon-forming plants, such as
Hevea (Hevea brasiliensis Miill. Arg.),
Russian dandelion (Taraxacum kok sag-
hyz Rodin) and its allies, and Euphorbia
tirucalli L.

H. Yokoyama, E. P. HAYMAN
W. J. Hsu, S. M. PoLING
Fruit and Vegetable Chemistry
Laboratory, Western Region,
Agricultural Research Service,
Pasadena, California 91106
A.J. BAUMAN
Jet Propulsion Laboratory,
Pasadena 91103
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Axial Bending in the Early Chick Embryo by a
Cyclic Adenosine Monophosphate Source

Abstract. A microelectrode continuously releasing cyclic adenosine mono-
phosphate can divert the axis of the early chick embryo and attract cells on its ven-
tral surface. Cell movement in the intact embryo may be controlled by a cyclic

adenosine monophosphate signal.

We present the results of experiments
in which we stimulated early chick em-
bryos with external sources of cyclic
adenosine  monophosphate  (cyclic
AMP). In an earlier paper (/) it was
shown that a microelectrode releasing
cyclic AMP could control aggregation of
the cellular slime mold Dictyostelium
discoideum. The technique was subse-
quently used to measure parameters of
the aggregative signal (2) and the rate of
differentiation of some of the com-
petences required for aggregation (3, 4).
It seemed that such an approach might

be useful in the study of embryonic de-
velopment (/) in situations where cell
movement is known to be important for
morphogenesis and where the movement
itself might be controlled by an extra-
cellular signal (5). Since preliminary evi-
dence had been obtained for the extra-
cellular involvement of cyclic AMP in
anuran (6) and chick (7) development,
we first examined films of early chick
morphogenesis to determine whether the
wave propagation seen during slime
mold aggregation had any counterpart in
these much more complex multicellular

organisms. We observed periodically
propagating waves of refractive index
change, sometimes clearly associated
with cell movements, in our films and
those of othars (8). A full description of
these waves is not germane to the pres-
ent argument and will be published sepa-
rately (9). In the experiments reported
here we found that an electrode releasing
cyclic AMP could attract embryonic
cells and, when positioned appropriate-
ly, could lead to bending of the embryon-
ic axis. The effects observed had a strong
concentration dependence.

Fertile White Leghorn eggs were kept
at room temperature (21°C) until in-
cubation for 20 hours at 38°C. Embryos
at Hamburger-Hamilton stages 4 and 5
(10) were explanted on their vitelline
membranes, ventral side uppermost, into
55-mm plastic petri dishes containing a 2-
mm layer of a 50: 50 mixture of thin albu-
men in Ringer solution (/1) and 2 percent
Difco purified agar in Ringer solution.
The vitelline membranes were held down
with stainless steel rings and covered
with oxygenated Klearol (/2) mineral oil
(Witco Chemical Co., New York) to pre-
vent desiccation. Ten preparations at a
time were photographed and placed on a
special support with ten electrode hold-
ers. A microelectrode was positioned
just above the ventral surface of the em-
bryo, at its lateral margin opposite the
anterior end of and 1.5 to 2 mm away
from the primitive streak. The tip of the
electrode was in the Ringer solution,

Fig. 1. (A and B) Control embryo at (A) Hamburger-Hamilton stage 5 and (B) stage 8 after a further 18 hours of incubation. The electrode [seen in
(B)] was placed at the margin of the embryo opposite Hensen’s node. There is no subsequent bending toward the electrode. (C) Stimulation with
10-3M cyclic AMP in the electrode was started at stage 3 after 9 hours of incubation, and the embryo is shown 14 hours later. Current was on
when the streak bent toward the electrode; the streak progressed anteriorly when the current was off. Scale bars: 1 mm for (A) and (B), 0.5 mm for
(C). Dark spots in (C) are iron particles, which aid in tracing tissue movements.
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