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Abstract. The interaction between exogenous 2-chloroethylphosphonic acid (Ethrel, CEPA)
and auxin (both native and synthetic — IAA) was studied on pea and bean seedlings, potato
tubers, and processed flax plants. After the addition of ethrel the inhibiting effect of TAA was
decreased in all objects and it was found that the concentration of the growth of the regulators
played an important role. The growth response of a part of flax hypocotyl, as induced by exogen-
ous auxin produced in the cotyledon, was reversed by ethrel, too. The application of ethrel on
the epicotyl apex in beans resulted in the lost of apical dominance of epicotyl and in the growth
of lateral buds together with the epicotyl. When stimulating the growth, ethrel reverses the
inhibitions through the decrease in the auxin content (from an inhibiting, supraoptimum level
to an optimum one which already stimulates growth). In objects with a low content of endogenous
auxin the ethrel induced the decrease in the auxin content and shows an inhibiting effect on
growth.

The results of studies on the effect of the morphoregulator ethrel on plants
gave the information on its relation to the spectrum of native growth regu-
lators and, in the studies on the reaction of ethrel with exogenous regulators,
on its interaction with these substances. SANKHLA and SEUKLA (1970) and
HrapILik (1972a) studied the relationship of ethrel to exogenous gibberellin
and found out using various objects that ethrel decreased the stimulative
effect of gibberellin on the elongation growth of plant organs. HrapILIK
(1974) in an experiment with radish cotyledons demonstrated that ethrel also
decreased the stimulative effect of 6-benzylaminopurine on the production
of fresh matter of radish cotyledons induced by this cytokinin. SANKHLA and
SANKHLA (1972) observed a reversal of the germination inhibition in lettuce
seeds (Lactuca sativa L.) by ethrel. HRADILIK (1972, 1973) described the
antagonism between endogenous auxin produced in the epicotyl apex of
germinating seedlings of pea (Pisum sativum L.) and exogenous ethrel which,
in many cases, caused a temporary reversal of the apical dominance and
induced the growth of axillars on plants with an intact epicotyl.
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The stimulating effect of ethrel on the growth of lateral, correlatively-
inhibited buds and the ability to break seed dormancy (IYER ef al. 1970;
OBHLiDATOVA and HrRADILIK 1973) suggest a marked ability of ethrel, and
thus ‘““‘de facto” of ethylene released by this substance (EpcERTON and BrAN-
PIED 1968; PraTT and GoEsCcHL 1969; Yane 1969), to interfere with the
endogenous regulation system.

This study is an attempt to explain interactions between both endogenous
and exogenous auxin and ethrel in various botanical objects.

Material and Methods

Pea (Pisum sativum L. cv. Raman)

(a) Pea seeds were imbibed in an ethrel 68-—250 solution of various concentrations (2-chloro-
ethylphosphonic acid; CEPA), manufactured by Amchem Co. (Ambler, USA), auxin (indole-3-
-acetic acid, TAA), manufactured by Lachema Co. (Brno, Czechoslovakia) and in the mixtures
of these substances.

Control seeds were imbibed in distilled water. After 12 h all the treatments were washed with
water, placed into damp sawdust (radices directed downwards), and incubated in a dark ther-
mostat at 26 °C for 96 h. Then the germination capacity was determined. Each variant cor-
responded with 100 to 150 seeds and three replications were used.

(b) After 12 h of soaking in water the pea seeds were placed into damp sawdust and incubated
in a dark thermostat at 20 °C for four days. Thereafter the germinating plants were washed with
water, deprived of testae, decapitated, and established as a water culture without mineral
nutrition. Three days later auxin paste was applied onto the epicotyl stump (0.5 per cent TAA —
lanoline + water 1 : 1), in one half of the plants the ethrel paste (0.5 per cent CEPA — lano-
line + water 1 : 1) was applied on one cotyledon. The plants were kept in darkness at 20 °C
(relative humidity 75 + 5 per cent) and the evaluation was carried out after five days. Each
treatment consisted of 50 plants. The experiment was replicated four times.

(e) After 12 h of soaking in water pea seeds were left to germinate in the sawdust and 30 mm
long epicotyls were treated according to WENT (ef. MiTcHELL and LiviNagsToN 1968).

Bean (Phaseolus coccineus L.)

Bean seeds were germinated similarly as those of pea; the only difference was that all the seeds
were left in the sawdust till the end of the experiment. Ethrel was applied onto epicotyls of
etiolated, two-days-old plants in the form of lanoline paste.

Potato (Solanurh tuberosum L.) cv. Jiskra

Potato tubers of a uniform size (altogether 5 to 6 kg) were soaked for 5 min in ethrel, auxin,
and mixed solutions on February 13, 1973 (i.e. in the period when endogenous dormancy is
finishing). The treated material was placed into aluminium boxes and incubated in a dark
thermostatized room (26 °C; relative humidity 75 - 5 per cent). The growing buds were counted
after 14 days.

Flax (Linum usitatissimum L.) cv. Reina

In this case a method described by DosTAL (1968) was used:

Segments (25 mm below the cotyledons deprived of apexes and in some cases also of one
cotyledon) were obtained from 10-day-old plants grown under fluorescent lamps, placed into
polystyrene boxes, and transferred in water under fluorescent lamps (3 000 Ix).

The growth regulators were applied onto cotyledons in the form of lanoline paste or agar
blocks; in controls water lanoline paste and agar blocks (1 per cent agar, 3 X 3 X 3 mm) were used.
Since the application of regulators the material had been observed continuously and evaluation
were made after 24 and 48 h.
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Results and Diseussion

In pea the exogenous auxin (IAA) induced inhibition of growth processes
may be reversed by exogenously applied gibberellin (SEBANEK 1972), syn-
thetic cytokinin (SacHs and THIMANN 1964, 1967), native cytokinin (SANKHLA
and SANKHLA 1968), and also ethrel (SANKHLA and SANkHLA 1972). The
results obtained in this study with va-
rious materials, differing considerably
from the genetical point of view,sug-
gest that ethrel is able to reverse the
auxin (IAA)induced growth inhibition.

IYER ef al. 1970; OBuLiDALOVA and
Hrapinix 1973 observed that ethrel
reversed also the inhibition of seed ger-
mination induced by native substances
during dormancy.

Both ethrel and higher doses of
TAA inhibited the germination of pea
(Fig. 1). However, the auxin (IAA) in-
duced the inhibition of germination of
pea seeds and was markedly reversed
by the addition of ethrel (Fig. 1 —50 mg
TAA 1-1). Partially quantitative rela-
tionships may be observed, too. The
5000 mg 1! concentration of ethrel
was too high and for that reason it
showed an inhibiting effect in mixtu- Fig. 3. Thefdecrea.\'_edteffeci oftiuxlin“on the
res with auxin (IAA, 0.1 and 1.0 mg cul'\jat.llreo peaﬂepx‘m) ,fv‘s. v et w,' : con:
1-1) as the inhibiting effect of ethrel 501 oo ¥ Tan & 10 mg 10 CEPA, £,
prevailed. 1 mg TAA + 10 mg1~1 CEPA.
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The effect of ethrel was manifested at a concentration of 50 mg 1-1 TAA in
the form of a decreased auxin inhibition. The most marked reversal of this
auxin induced inhibition occurred after the application of ethrel solution

in the concentration of 500 mg 1-1 (Fig. 1).
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Fig. 4. A Scheme of the effect of ethrel (CEPA 5 000 mg 17!) on growth of bean seedlings.
A — bean seedlings at the time of application; B — plants treated with a water paste; ' — plants
treated with a CEPA paste (20 per cent); photograph -— idem (scale in cm).
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Fig. 5. The schematic presentation of results of an
experiment with decapitated and root-deprived flax
plants (left) and with the same plants deprived also
on cotyledon (right). Regulators were applied onto
the cotyledon.

In the experiment with potato
tubers [see Material and Methods
sub. (b)] ethrel markedly rever-
sed the inhibiting effect of auxin
on the growth of buds in that
variety which was not dormant
(Fig. 2); however, ethrel alone
decreased the number of growing
buds in this variety and in this
period (February 13), i.e. it sho-
wed an inhibiting effect. When
applied on deeply dormant tubers
of the same variety (i.e. approxi-
mately two months earlier) ethrel
increased the number of growing
buds and, therefore, showed a
stimulating effect (HRADILIX
1973a).

Similarly, in the experiment
with splitted pea epicotyls [see
Material and Methods sub. (¢)]

a quantitative relationship may be observed in the reaction in which ethrel
reversed, in dependence on its concentration, partly or completely the
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effect of TAA on the curvature of
splitted pea epicotyls (Fig. 3).

In our earlier studies (HRADILIK
1972, 1973) the stimulating effect
tact pea plants was described. In
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of ethrel on cotylar growth of in-
this study the aforementioned effect
was demonstrated in beans, too
(Fig. 4).
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This disturbance of the apical dominance probably resulted from the
increased content of native auxin after the ethrel treatment.

The curvature of the hypocotyl plant stump provided information con-
sistent with data obtained in experiments with aforementioned objects.
Auxin, both native and synthetic (IAA) applied exogenously on cotyledons,
induced the growth of the hypocotyl stump in the direction of the treated
cotyledon (DostiL 1968). This curvature was reduced or reversed in de-
pendence on the ethrel concentration. Ethrel alone, applied onto the cotyle-
don, induced the curvature of the hypocotyl below this treated cotyledon.
In decapitated flax plants, with one removed cotyledon, the hypocotyl stump
bended away from the cotyledon. This curvature (induced by substances
produced in the remaining cotyledon) was further amplified by the exogenous
IAA (DostiL 1968); however, through the effect of ethrel on the cotyledon
a reversal of the bending occurred and the hypocotyl stump bended below
the cotyledon. (Fig. 5).

The presumption that the biosynthesis of gibberellins and cytokinins could
be induced by ethrel controverts results describing the antagonistic relation-
ship between ethrel on the one hand and gibberellin and cytokinin on the
other (SANkHLA and SHURLA 1970; HRADILIK 1972a, HraDILIK 1974). To
explain the causes of lateral bud growth in beans it is possible to start from
the hypothesis of a ‘“‘direct inhibition” according to which the growth of
these lateral buds is inhibited by a high level of native auxin transported
from the epicotyl apex. This coincides with the fact that also synthetic auxin
(IAA) applied on the epicotyl stump of a decapitated pea plant e.g. in the
form of a 0.5 per cen paste inhibits completely the growth of cotylars (THI-
MANN and SKooa 1933, 1934). On the other hand a relief of lateral buds from
the correlative auxin inhibition occurs even on an intact plant after the
application of ethrel (HRaDILIK 1972, 1973; see Fig. 4).

Ethrel applied in the form of a 0.25 per cent paste on one of both coty-
ledons broke in 20 per cent of cases the auxin induced inhibition resulting
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from the application of a 0.5 per cent IAA paste on the epicotyl stump of
decapitated etiolated pea plants, too (Fig. 6).

In this experiment, as well as in all the above discussed cases, the con-
centration of ethrel is of a great importance. A high concentration of ethrel
(0.5 per cent) stimulated the growth of cotylar in the axilla of treated coty-
ledon in 5 per cent of plants; in 10 per cent of plants this concentration
stimulated the growth of cotylar in the axilla of untreated cotyledon,
probably as a result of the induced action of ethrel on this cotylar.

Ethrel applied in the form of a 0.25 per cent paste on cotyledons of de-
capitated, inhibited (by 0.5 per cent IAA) pea plants reversed this auxin
induced inhibition of cotylar growth in 20 per cent of treated plants while
ethrel, applied on one cotyledon of decapitated pea plants, induced the
growth of cotylars situated in axillas of treated cotyledon in all cases (HRa-
DILIK 1972, 1973). The lowest of all the concentrations used, a 0.09 per cent
paste, was not able to reverse the auxin induced inhibition and to stimulate
the cotylar growth (Fig. 6).

Conelusions

Considering results presented in this paper and comparing with data of
aforementioned authors, it is possible to draw the following conclusions about
the relationship between auxin (IAA) and ethrel:

When stimulating the growth ethrel reverses the inhibitions through the
decrease in the auxin content (from an inhibiting supraoptimum level to an
optimum one which already stimulates the growth). In objects with a low
content of endogenous auxin the ethrel induced decrease in the auxin content
shows an inhibiting effect on the growth, e.g. after the application of ethrel
on cotyledons of decapitated pea plants where this substance inhibits the
growth of cotylars in axillas of treated cotyledons (HrapiLix 1972, 1973).
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Interakce mezi exogennd aplikovanou kyselinou 2-chlorethylfosfonovou (Ethrel, CEPA)
a auxinem at ji% nativnim, nebo syntetickym (IAA) byla studovéna na kliéicich rostlindch hra-
chu a fazolu, na hlizdch bramboru a &astech rostlin Inu. Inhibiéni Géinek TAA byl sniZovén u v8ech
objektti piidavkem ethrelu, pfitem# vyznamnou roli zde hraje koncentrace pouzivanych rasto-
vych reguldtorti. Také rustova reakce ¢asti hypokotylu Inu indukovand endogennim auxinem
produkovanym délohou byla ethrelem zrufena. Aplikace ethrelu na vrcholek epikotylu fazolu
vedla ke ztraté apikalni dominance epikotylu a rastu postrannich pupent zs soudasné existence
epikotylu.

Tam, kde ethrel vykazuje stimuladni Gdinek na rast, rudf inhibice tim, Ze snizuje obsah auxinu
z inhibiéni supraoptimalni hladiny na hladinu optimalni, kters jiz podnécuje rtst. U objekti,
které obsahuji mélo endogenniho auxinu piisobi sniZeni obsahu nativnibo auxinu na riust in-
hibiéns.



