Absorption of §,5,S-Tributylphosphorotrithioate by Cotton Leaves
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The combined techniques of microscopic time-lapse
photography and autoradiography were used in a
series of experiments which indicated that S§,S,S-
tributylphosphorotrithioate would directly enter
readily through the cuticle of the upper epidermal
cells of cotton leaves. Partial plasmolysis, cuticular

vesication, vesicle collapse, and progressive black-
ening of palisade cells accompanied the absorption.
Blistered epidermal cells and blackened palisade
cells were fewer in the leaves of a resistant selection
than in the leaves of a Deltapine (susceptible)
variety after treatment with individual droplets.

ton defoliant which is applied principally as an

aqueous emulsion. At ambient temperatures, it is a
relatively nonvolatile, oily liquid that has a distinct odor.
Katterman and Hall (1961) reported that its application
to cotton leaves was followed by an increase in respiration
and reduction in free sulfhydryl content. They credited
(BuS);PO as being the first thiophosphorus compound
reported to induce and accelerate abscission. They fur-
ther stated that (BuS);PO is apparently degraded directly
to water-soluble compounds.

The absorption of numerous compounds has received
considerable attention in recent years. Several excellent
reviews are available (Epstein and Jefferies, 1964; Franke,
1967; Van Overbeek, 1956; Woodford et al., 1958);
however, relatively little information is reported per-
taining to defoliants and even then, the evidence is indirect.
Brun et al. (1961) concluded that tributyl phosphate and
other defoliating chemicals entered the leaves of several
woody species through the stomates. Their conclusions
were based on the fact that desiccation occurred more
rapidly when the compounds were placed on the lower
stomatous surfaces of the leaves than when placed on the
upper astomatous surfaces.

In our studies, the principal objective was the deter-
mination of the mode of entry of (BuS);PO into cotton
leaves. With the use of microscopic time-lapse photog-

S,S,S-tributylphosphorotrithioate, (BuS);PO, is a cot-
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raphy augmented by autoradiography, an increased under-
standing of surface distributions and cellular responses
was obtained. Further evidence obtained with the time-
lapse series suggested that under our experimental con-
ditions the principal mode of entry was directly into the
upper epidermal cells.

MATERIALS AND METHODS

Gossypium hirsurum L, (variety Deltapine 15 and selec-
tion G-272) plants were grown in peat moss and Perlite
potting mixture with added dolomitic limestone. The
plants were watered with a solution containing 2.5 grams
of 15-30-15 fertilizer per liter, with the addition of micro-
elements as necessary. The G-272 selection was included
because of its resistance to (BuS);PO-induced defoliation
(Miller and Endrizzi, 1962). (BuS);PO will usually
induce defoliation of Deltapine 15 plants under favorable
temperature conditions. All applications were made
with 1.997 (v./v.) aqueous emulsions of the commercial
product or with the sulfur-35-labeled material formulated
with the same organic, xylene-type solvents and the same
emulsifiers as the commercial material (trade name DEF,
Chemagro Corp., Kansas City, Mo.). The oldest, main-
stem leaves on mature plants at least 3 months old were
used for the sequences.

Microscopic Time-Lapse Photography. A Bolex, H-16
Rex-2 16-mm. movie camera, controlled by a Zieler In-
struments time-lapse drive and timers, was fitted to a
microscope for use in the single droplet penetration se-
quences. Capillary tubes were used to place individual
1- to 2-mim. diameter droplets of the emulsion on the upper
epidermis of the leaves of both types of plants. The
leaves, still attached to the plants, were held in place









The densitometric curves indicate that the initial rate of
retention of the S?3 was greater in the Deltapine than in
the G-272 leaves; however, after a few hours there was no
difference in the amounts retained. There was, however,
a difference in the response between the two types from the
standpoint of amount of blisters formed and number of
blackened palisade cells. The most logical explanation is
that either there was a differential fixation of the (BuS);PO
in the cuticle or a detoxification mechanism existed to a
greater extent in the G-272. In either event, the evidence
suggests that as the (BuS);PO entered the epidermal cell,
it produced partial plasmolysis, followed shortly by cutic-
ular vesication. The (BuS);PO apparently diffused into
the palisade cells about the time that the cuticular vesicle
subsided.

The subsequent lack of diffusion of S35 from the site of
placement of the original droplet as indicated by macro-
and semimicroautoradiography, coupled with the lack of
progression of blackening from one palisade cell to sur-
rounding ones, suggests that the action of the (BuS);PO
in inducing abscission is indirect. Possibly during the
injury, some substance or substances are produced by the

tissue which are translocated to the abscission zone to
induce abscission,
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