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Table 2
Stability constants of
copper complexes based
Copper complex on measurements in the
absence of a strong acid
pKe pK, pE. pKe
prhthalene acetic acid 576 51 45 9-8
2 : 4-Dimethylphenoxyacetic acid 464 46 42 8B
-Methyl—i-chlnrophenoxmetw acid [ 436 4-3 40 83
2:4-Dichlorophenoxyacetic acid 420 4-3 3-8 81

pKa is the equilibriuin constant of the acid ; temperature, 21° C.

(pK, and pK,) = ch the chelate stability constant of the reaction :
2A- 4 Cu+ (A)0u; all determinations made in 50 per cent ethancl,
Table 3
Growth
activity of
Stability constants of acid {dose
copper complexes based in pgm,
on meagurements made needed to |
Copper complex in the presence of give 50 per
10~% M nitric acid cent leaf
repression)
pKa pHK, pK, pKc
Naphthalene-a-acetic 5-75% 5-2* 45 977 02101
acl
2: 4~Dlmeﬂ':.iyiphenoxy- 453 46 3% 896 2812
€ Aci
2 Methyl 4-chlorophen- | 4-39 44 38 82 | 0-151+0-02
%acetw acid
ictilorophenoxy- | 4-19 43 42 85 | 004100605
a»cetic acid

* Identical values obtained in independent experiments; tem-

perature, 25° C. ; all measurements in 50 per cent ethanol.

in calculating the pKe. Similar disagreement with
the recorded pKe for indoleacetic acid — copper com-
plex has been reported recently by Recaldin and
Heaths®, although it is not clear what conditions were
used for their measurement.

Parallel with the measurements of the stability of
the copper complexes, we have made quantitative
estimates of the growth-regulating activity of each
of these growth substances by the method of Brown
and Weintraub®. In the last ecolumn of Table 3 are
listed the quantities of each acid required to depress
the growth of the first trifoliate leaf of a Phaseolus
seedling by 50 per cent. The percentage repression
in this test is linearly related to the logarithm of the
dose, and the figures for 50 per cent repression are
inversely related to the growth activity. It will be
seenn that 2 :4-chlorophenoxyacetic acid is almost
a thousand-fold more active than dimethylphenoxy-
acetic acid, though ity ability to bind copper is not
measurably different.

We therofore suggest that in spite of some evidence
in the literature for a relation between metal-
complexing capacity and plant-growth activity, the
properties by which certain molecules are specifically
able to act as growth regulators still remain a mystery.

Our thanks are due to the directors of Imperial
Chemical Industries of Australia and New Zealand
for permission to publish this ¢communication, and to
Mr. D. Fieldhouse, Mrs. M. Markus and Mrs. V.
Zangari for techmical assistance.

W, L. F. ARMAREGO
M. J. CanNy
S. F. Cox
Central Research Laboratories,
Imperial Chemical Industries of Australia

and New Zealand, Ltd., Melbourne.
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In putting forward the hypothesis that plant-
growth gubstances might act as such through their
metal complex-forming activities’? we did not sug-
gest that no other properties of the molecules con-
cerned could modify their effects upon growth. We
speecifically raised the question of rate of penetration,
and in view of the very various growth-promoting
activities of the different agents tried (a variation by
no means parallel with their metal-complexing
capacities) we had in mind the possibilities that
steric hindrance or toxicity might also be modifying
the amount of growth promotion obtained.

One might well hesitate to accept that the ‘growth-
regulating activity’ of 2:4-dichlorophenoxyacetic
acid is almost a thousand times as great as that of
dimethylphenoxyacetic acid on the basis of an assay
test depending on the inhibition of growth, such as
that used by Armarego ¢f al. (preceding communica-
tion), but other work® suggests that their growth-
promoting activities in the Awveng cylinder test are
in & similar ratio. Even if this is not, in fact, due to
a difference in penetration, the binding of copper or
some other metal may vyet be concerned with the
spatial configuration of the sites favouring on aeid
rather than the other.

The growth-promoting activity of ethylenediamine
tetraacetate has been wvariously reported as similar
to that of indoleacetic acidl3, or as much less®®,
according to the techniques and plant material used ;
with the strain of wheat used by Fawcett et al.®, and
using their technique, we have been able to reproduce
their results. However, even if the growth-promoting
activity of these two agents be accepted as of the
same order of magnitude, the fact remains that their
in vitro complexing activity differs vastly. It is, in
fact, surprising that so powerful a chelating agent as
ethylenediamine tetraacetic acid does not disrupt the
chemical organization of the cell at many sites ; the
growth-promotion obtained may be the net result of
stimulatory and inhibitory processes due to com-
petition with wvarious chelating agents in some
such way as that suggested by Burstrém and
Tullin®.

Evidence seems to be accumulating that known
natural and synthetic growth substances can form
complexes in vitro%®, but more important than this
is the question whether they do so in controlling
growth in the living plant. Some of the evidence for
this was very briefly reported in the communications
cited!.? and the results of these and other experiments
will be published in detail as soon as possible.

0. V. 5. HEaTH
J. K. Crarx

University of Reading
Horticultural Research Laboratories,
Shinfield Grange,
Shinfield,
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