measurement bromothymol blue has a
color-change interval of pH 6.0 to 7.6.
At a dilution factor of 0.5 an error of 0.4
pH unit is shown. An experienced
observer should be able to determine pH
much closer than this with color stand-
ards. At a dilution factor of 0.2 this
error is only 0.1 pH unit, which is well
within the range of sensitivity of the
visual method of measurement.

On the basis of these results, it is rec-
ommended that for measurement of the
pH of an 8-24-0 liquid fertilizer with
color-change indicators, the sample
should be diluted with four volumes of
distilled water. The buffer capacity of
this system is sufficient to allow this
degree of dilution as can be seen from
true pH values of Figure 1. Of course,

for closest control of the product the use
of a pH meter is recommended.

A current technical sales bulletin (6)
recommends the use of universal indi-
cator papers and dilution of the sample
with an equal volume of distilled
water. As shown above, this is insuffi-
cient dilution to overcome the salt effect.
The error of 0.4 pH unit thus introduced
could reduce solubility of the salts at
32° F. some 209, as shown elsewhere
in the same bulletin (7).
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GROWTH RETARDANTS AND PLANT VIGOR

Increasing Tolerance of Soybean Plants
to Some Soluble Salts through Application
of Plant Growth-Retardant Chemicals
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Plants that were altered through the use of plant growth retardants, such as Amo-1618,
phosfon, or CCC, were more tolerant to toxic levels of salts placed around their roots than

were plants grown without retardants.

Young soybean plants retarded chemically were

able to withstand, without visible injury, amounts of commercial 5-10-5 fertilizer applied
to the surface of the soil that killed comparable plants not treated with the retardants.
Retarded plants that withstood excessive amounts of fertilizer produced viable seeds.

CONSIDERABLE INTEREST has been
shown recently in plant-regulating
chemicals that retard the height of plants
without injurious effects. In 1949 Mit-
chell, Wirwille, and Weil (5) reported
the growth-retarding effects of six re-
lated nicotinium compounds. In 1950,
six quaternary ammonium compounds
reported to be growth retardants for
bean plants (70} were later found to
be very active on several other plant
species (4). The most promising com-
pound, 2-isopropyl-4-dimethylamino-5-
methvlphenyl-1-piperidine  carboxylate
methyl chloride, was designated Amo-
1618 and methods of synthesizing it and
related  retardants  were  recently
published (2).

A new group of growth-retarding
chemicals, the phosphoniums, was re-
_ported in 1958 by Preston and Link (6).
One of these, tributyl- 2,4-dichlorobenzyl
phosphonium chloride (phosfon), affects
some species of plants that do not re-
spond to Amo-1618. Another group of
growth retardants was reported more
recently by Tolbert (9). One of these,
(2-chloroethyl)-trimethyl ammonium
chloride (CCC), is effective in retarding

some plants not affected by Amo-1618
or phosfon (7).

Interest in our laboratory has been
directed toward other tvpes of responses
besides the dwarfing induced by these
chemicals. For instance, the leaves of
treated plants were usually thicker and
greener and, in a number of experiments
treated bean and chrysanthemum plants
lived 40 to 609 longer than did un-
treated ones (). When water was with-
held from plants in other experiments,
the untreated plants wilted more quickly
and severely than did the treated ones
(3). Recently, Teubner and O’Keefe
(8) reported that certain varieties of
potatoes were more resistant to heat
after treatment with CCC or related com-
pounds.

The purpose of the present study was
to learn whether chemically retarded
plants could withstand higher concen-
trations of salts in the soil than unretarded
ones.

Methods

Seeds of soybean (Lee variety) were
sown in composted soil in 3-inch clay
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pots and allowed to germinate. The
plants were thinned to two per pot and
selected for uniformity when about 4
inches tall. In most instances the
growth-regulating chemicals were ap-
plied when the primary leaves were al-
most fully expanded and the trifoliolate
ones were about !/s inch long. One ex-
periment was conducted with older
plants 8 inches tall and with two sets of
fully expanded trifoliolate leaves. Amo-
1618 was applied either as an aqueous
spray to the foliage or as a soil drench.
Phosfon was applied as a soil drench to
the roots, because it is known to be phy-
totoxic when applied to leaves. CCC also
was applied to the soil, because it is not
readily translocated out of leaves. No
wetting agent was used in preparing the
drenches, but all spray solutions con-
tained 0.19; Tween 20. The drench was
applied at the rate of 30 ml. per pot
This volume contained sufficient retard-
ant to make the rate of application
equivalent to 15 pounds per acre.

A commercial 5-10-5 fertilizer from a
single lot was used throughout the ex-
periments to make the soil-fertilizer
mixtures. The nitrogen content of the
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apparently did not depend entirely on
leaf area because, in the experiment
with relatively marture plants, the re-
tarded ones showed markedly greater
tolerance to the salts although they had
about the same leaf area as the unre-
tarded ones.

Sacks (7) reported that the numbers of
dividing cells in the terminal buds of
chrysanthemum were reduced by Amo-
1618. Such a reduction in cell number
might result in reduced absorption of
salts. In the present experiments, the
relativelv mature plants studied showed
no outward evidence of retardation of
growth, but plants that received the re-
tardant exhibited increased tolerance to
application of excessive fertilizer.

Although increased tolerance to ex-
cessive fertilizer did not obviously de-
pend on reduced leaf area and growth
rates, the outwardly apparent responses
mentioned indicate that the retarded
plants did develop marked chemical and

INSECT ATTRACTANTS

physical changes. Further evidence of
chemical and physical changes that re-
sulted from use of the retardants was
supplied by the fact that mites, which are
sucking insects, multiplied more rapidly
on leaves of the unretarded plants than
on the retarded ones.

Further research is needed to deter-
mine whether some retardants can be
used to increase the resistance of certain
crop plants to alkaline and saline soils.
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invaluable tools for the control and
eradication of certain insect species
(7.2.7,8). The important roles played
by angelica seed oil (72) and sec-butyl
6 - methyl - 3 - cyclohexene - 1 - car-
boxviate ([5) (2. 4, 6).

INSECT ATTRACTANTS have proved to be
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now known as siglure, in the eradication
of the Mediterranean fruit fly [Ceratitis
capitata (Wied.)] or medfly, from Florida
in 1956-57 have been recorded (7).
These lures attract only the male of the
species.

An observation that certain commer-
cial lots of siglure gave inferior per-
formance led to the discovery that
cis-trans-isomerism affected the attrac-
tiveness of the product (77).
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The trans-product was much superior to
its ¢is-analog. Later, an infrared spec-
trophotometric method was developed
to determine the cis-trans-content of the
ester, and a means of preparing the

desired all-trans-product was devised
(6).
As part of this investigation, the

authors studied the conditions that led to
epimerization of the trans-acid, mainly to
avoid such conditions in the course of
the synthesis. An unexpected bonus
accrued when a means was found to
add the theoretical amount of hydrogen
chloride to the double bond of the acid
moiety of siglure. Past attempts to
effect this addition by conventional
means were unsuccessful. With the
hydrochlorinated acid available, a series
of esters was prepared and sent to

Agricultural Technique,” U. S. Dept.
Agr., Spec. Rept. 22-65 (1961).

(2) Krewson, C. F., Wood, J. W., Wolfe,
W. C., Mitchell, J. W., Marth, P. C,,
J. Acr. Foop CHEM. 7, 264 (1959).

(3) Marth, P. C., Mitchell, J. W., Proc.
Am. Soc. Hort. Sci. 76, 673 (1961).

(4) Marth, P. C., Preston, W. H., Jr,,
Mitchell, J. W., Botan. Gaz. 115, 200
(1953).

(5) Mitchell, J. W., Wirwille, J. W.,
Weil, L., Science 110, 252 (1949).

(6) Preston, W. H., Jr., Link, C. B,
Plant Physiol. (Suppl.) 33, 49 (1958).
(7) Sacks, R. M., Id. (Suppl. xvii), 34

(1959).

(8) Teubner, F. G., O’Keefe, R. B., Am.
Soc. Hort. Sci. Abstracts, 57th Ann.
Meeting, p. 5, 1960.

(9) Tolbert, N. E., J. Biol. Chem. 235,
475 (1960).

(10) Wirwille, J. W., Mitchell, J. W.,
Botan. Gaz. 111, 491 (1950,

Received for review March 20, 1961, Accepted
April 17, 1961,

MORTON BEROZA, NATHAN
GREEN, and S. |. GERTLER

Entomology Research Division,
U.S. Department of Agriculture,
Beltsville, Md.

L. F. STEINER and DORIS H.
MIYASHITA

Entomology Research |Division,
U. S. Department of Agriculture,
Honolulu, Hawaii

Hawaii for testing as medfly lures. In
laboratory and field trials, some of the
esters were far superior to siglure in
both attractiveness and lasting quality.
The excellent performance of the hydro-
chlorinated products led to the prepara-
tion of the hydrogen bromide addition
product of (Ia) and its esters.

Of all the esters prepared, the best
were the sec- and fert-butyl esters of the
hydrogen chloride adduct of (Is) and
the ethyl ester of the hydrogen bromide
adduct.

N
e s

H C—OCHCH,CH;
[
O CH;

IT (medlure)

sec-Butyl trans-4(or 5)-chloro-2-methyl-
cyclohexane-1-carboxylate  (II), now
known as medlure, has already been
produced commercially and is used by
the U. S. Department of Agriculture,
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