growth regulating activity using the
dicotyledonous plants, Pinto bean, large
seeded sunflower, Arlington White Spine
cucumber, and the monocotyledonous
plants Wong barley, and U. S.-13
hybrid corn. The lanolin assay method
was used on dicots and the coated sand
assay method on monocots (9).

At intervals of 2, 4, 7, and 14 days
following treatment, the degree of
growth modification induced by the vari-
ous compounds was estimated and scored
according to the intensity of growth re-
sponses. Responses studied were: stem
curvature, growth inhibition, epinasty,
formative effects, and induced cell pro-
liferation (gall formation). Table IV
shows responses observed 14 days after
treatment, to conserve space the other
values have been omitted. These data
are representative, although they do not
show the rate of response or relative pro-
gressive effectiveness of the compounds
tested. The experiments were designed
to indicate growth regulating properties
rather than the herbicidal potentialities
of the compounds.

Results with Plant Tests. In general,
coupling of halogenated phenoxy acids
with p-toluenesulfonamide, p-aminoben-
zoic acid, and p-aminosalicylic acid and
terpenoids resulted in compounds that
induced plant-growth responses, but
the magnitude of the different responses
was less than that induced by the parent
regulating compounds (Table IV). From
the standpoint of utilization of these new
regulating compounds, the parent phen-
oxy acids sometimes induce unwanted
responses when used for a specific pur-
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pose—for example, to improve fruit set.
The present data indicate that some
derivatives used here may possess limited
growth regulating properties of interest.
For example, it is desirable to induce
fruit set chemically without marked side
effects such as modification and suppres-
sion of leaf growth. Regulators that
induce a localized response are of inter-
est. In the present tests, 2,4,5-tri-
chlorophenoxvacetic acid induced
marked responses (formative effects) at a
distance from the site of application when
applied to bean plants. The hyvdro-
nopol derivative of this acid. on the other
hand, induced a moderate response which
was apparently localized within the
treated region of the stem.

In a few cases, coupling of the phenoxy
acids resulted in compounds with in-
creased growth-regulating properties.
When applied to cucumbers, for ex-
ample, the lactic acid derivative, pr-2-
(2 - methyl - 4 - chlorophenoxyacetoxy)
propionic acid, methyl ester was more
effective than its parent acid, 2-methyl-
4-chlorophenoxyacetic acid.

Literature Cited

(1) Bain, J. P., J. Am. Chem. Soc. 68,
638 (1946).

(2) Behrens, R., Krewson, C. F., Sag-
gese, E. J., Farquhar, J., 13th Annual
Research Report, North Central Weed
Control Conference, pp. 160-1, 1956.

(3) Freed, V. H., J. Am. Chem. Soc. 68,
2112 (1946).

(4) Gentner, W. A., Shaw, W. C,
U. 8. Dept. Agr.,, ARS, Beltsville,
Md., Progress Rept. CR-25-58 (Jan-
uary 1958).

Evaluation of Chlorine-Substituted
Phenoxyacetic Acids and Amides for
Retarding Abscission of Apple Fruits

(5) Hill, C. M., Schofield, H. 1.,
Spriggs, A. 8., Hill, M. E., J. 4dm.
Chem. Soc. 73, 1660 (1951).

(6) Hill, C. M., Towns, M. B., Senter,
G., Ibid., 71, 257 (1949).

(7) Krewson, C. F., Drake, T. F.,
Mitchell, J. W., Preston, W. H., Jr.,
J. AGgr. Foop CueM. 4, 690 (1956).

(8) Krewson, C. F., Drake, T. F.,
Neufeld, C. H. H., Fontaine, T. D,,
Mitchell, J. W., Preston, W. H., Jr.,
Ibid., 4, 140 (1956).

(9) Krewson, C. F., Neufeld, C. H. H.,
Drake, T. F., Fontaine, T. D., Mitchell,
J. W., Preston, W. H., Jr., Weeds
3, 28 (1954).

(10) Minton, T.H., Stephen, H., J. Chem.
Soc. 121, 1598 (1922).

(11) Mitchell, J. W., Marth, P. C.,
Preston, W. H., Jr., Science 120, 263

(1954).
(12) Ratchford, W. P., J. Org. Chem. 15,
326 (1950).
(13) Wolfe, W. C., Wood, J. W,
Klipp, L. W., Fontaine, T. D,

Mitchell, J. W., Ibid., 14, 900 (1949).
(14) Wood, J. W., Fontaine, T. D.,
Ibid., 17, 891 (1952).

Received for review April 2, 1958.  Accepted
September 24, 1958. Division of Agricultural and
Food Chemistry, 134th Meeting, ACS, Chicago,
Ill., September 7958, Mention of commercial
products does not imply that they are endorsed or
recommended by the Department of Agriculture
over others of similar nature not mentioned.
Commercially supplied compounds were obtained
through courtesy of the Amchem Products, Inc.,
Dow Chemical Co., Glidden Co., Hercules
Powder Co., and Monsanto Chemical Co.:
pL-2-(2,4-Dichlorophenoxyaceioxy)  propionic
acid N-ethylamide was prepared by C. Neufeld,
Western Regional Research Laboratory, Albany,
Calif. Analyses were by L. Nutter (Extension
Center, Pennsylvania State University, Abington,
Pa.), R. B. Kelly, and K. Zbinden. Paper 7

inaseries on growih regulators.

PAUL C. MARTH, WILLIAM V.,
AUDIA, and JOHN W. MITCHELL

Crops Research Division, Agricul-
tural Research Service, U. S. De-
partment of Agriculture, Beltsville,
Md.

The amide forms of chlorine-substituted phenoxyacetic plant regulators were more effective

in retarding mature fruit abscission than the corresponding acids.

When chlorine was

substituted in all possible combinations on mono-, di-, tri-, tetra-, and penta- positions
on the benzene nucleus, in all instances where the 6 position contained chlorine the com-

pound was rated as relatively inactive.
position also reduced the effectiveness of a compound.

To a lesser degree chlorine substitution in the 3
The 17 acids and 17 amides were

compared directly on three varieties of mature apple fruits; the complete series of 17
amides was applied to six varieties.

PLANT-REGULATING ACTIVITIES of chem-
icals can be compared or evaluated
in various ways. Retardation of the
abscission of mature fruits of apple was
used as the response in the present study,
because that type of plant reaction ap-
pears to be very different from the cell
elongation or multiplication, formative
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growth effects, parthenocarpy, modifica-
tion of organs, and repression or stimula-
tion of root or vegetative bud meristems or
others (77, 75) commonly used as meas-
ures of response.

According to McCown () the har-
vest drop of mature apple fruits involves
dissolution changes in the walls and
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lamellae of old, lignified cells. The
possible role of plant-regulating chemi-
cals in controlling the metabolism of
pectic substances through enzymatic
processes has been suggested by Neeley
et al. (70). Other workers have shown
that chemical changes associated with the
ripening of fruits can be stimulated or
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Crosshatched bars.
fective. Dotted bars.

ber that the plant response used may be a
unique one, which may or may not
involve chemical or physical responses
that bring about other kinds of plant
responses such as cell elongation, cell
division, or even others. The chemicals
were applied in relatively strong con-
centrations in a carrier (lanolin), which
no doubt kept the compound in close
contact with the plant and near the zone
used as a measure of activity over a long
period (2 months or longer). The lano-
lin method has been found particularly
useful in studving the comparative
activity of compounds of which only a
few milligrams were at hand. Data ob-
tained by the method, however, cannot
always be directly useful for practical
purposes.

Presence of an amide group on the
side chain of chlorinated phenoxy plant
regulators is perhaps almost as important
as the position and degree of chlorina-
tion on the benzene nucleus. In certain
instances, the results may have a direct
bearing on other kinds of more commonly
studied plant-regulator responses, such
as cell elongation or cell multiplication.
The responses of test plants such as
bean, cucumber, cotton, and tomato to
both the amide and the acid series of
phenoxyacetic plant regulators have been
reported (74).
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Amide highly effective, but acid significantly less ef-
Amide as well as acid ineffective

Amide highly effective {60% or more of fruit remain at-

Figure 3. Mature apple fruits remaining on tree 1 month
after usual harvest date

Solid bars, treatment induced 609 or more of the fruit to remain on trees

Compounds that had little or no
influence on fruit abscission when
applied as either the acid or the amide,
were: 2,6-dichloro-, 3,5-dichloro-, 2,3,6-
trichloro-, 2.4,6-trichloro, 2,3,4,6-tetra-
chloro-, and 2,3,4,5,6-pentachloro-; five
have a chlorine substitution in the 6
position on the ring and all were in-
active. The exception, 3,5-dichloro-,
suggests that substitution in the 3 posi-
tion may also result in decreased activity.
This suggestion is substantiated by the
response to the compound 2,3-dichloro-,
the acid form of which was inactive on all
six varieties studied and the amide was
inactive on five of them. Both the acid
and the amide of 2,6-dichloro- were
rated low in activity in the fruit-abscis-
sion test, whereas Osborne and coworkers
(72, 713) reported the acid to be inactive
and the amide to induce marked plant-
regulator responses in the Avena test.

Unfortunately, 2,3,4,5-tetrachloro-
compound was available only in limited
quantity and only as the amide form and
was applied to but one variety. It was
rated highly active on McIntosh, a
variety considered one of the most
troublesome in abscising prior to or at
harvest (2). Comparing this evidence
with the inactivity of both the acid and
the amide form of 2,3,4,6-tetrachloro-
compounds further substantiates the
importance of chlorination at position 6.
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1 month past usual harvest date; dotted bars, less than 60%
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