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Abstract. The gas exchange of tomato (Lycopersicon esculentum Mill cv. Spring Giant
VF) plants exposed to an ethephon root drench of 5 µl·liter -1 or 50 µl·liter-1 was
examined for 9 days. Photosynthesis showed a biphasic response to ethephon, wherein
elevations of 13.2% and 16.7% were observed over control plants for two of the mea-
surement days for the 50 and 5 µl ethephon/liter concentrations, respectively. Stomatal
conductance showed a large increase at 50 µl ethephon/liter on day 2, while 5 µl·liter -1

did not show this difference. A biphasic response of photosynthesis may explain some
of the intraspecific variation found in the literature describing ethylene-induced gas-
exchange alterations.
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The literature reports neutral or adverse
effects on growth and gas exchange of plants
treated with ethylene. These effects include
leaf epinasty, changes in carbon allocation,
growth inhibition, aerenchyma develop-
ment, chlorophyll destruction, flower inhi-
bition, and flower-sex modification (Bradford,
1983; Tang and Kozlowski, 1984; Taylor
and Gunderson, 1986, 1988; Woodrow et
al., 1988). Most of these reports are based
on short-term (<48 h) ethylene exposure. In
a recent trial, we observed that long-term
exposure to ethephon, an ethylene-releasing
agent, enhanced foliar gas exchange of Pinus
eldarica (Medin.) seedlings, but there were
few short-term effects even at relatively high
ethephon levels (Manuchia and Briedé, 1989).
Long-term exposure to ethephon applied as
a root drench at concentrations of 1000
µl·liter -1 increased stomata1 conductance,
transpiration rates, and, occasionally, pho-
tosynthesis throughout the 14-day observa-
tion period. Similarly, ethylene-induced
enhancement of stomata1 aperture was found
in Vicia faba L. (Levitt et al., 1987) and
Olea europaea L. (Vitagliano, 1975). Levitt
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et al. (1987) observed ethylene-induced sto-
matal opening, which they concluded was
similar to that seen after pathogen infection
in V. faba. These findings implicate ethylene
as a stress-mitigating hormone. In a subse-
quent study, Vitagliano and Hoad (1978)
found that the ethylene-mediated increase in
stomata1 aperture with O. europaea was not
observed consistently. Stomata1 aperture in
these experiments on V. faba and O. euro-
paea were based solely on microscopic mea-
surements and no gas-exchange measurements
were taken.

There are few data available on the effects
of long-term ethylene exposure on plants
(Manuchia, 1990; Manuchia and Briedé,
1989; Woodrow et al., 1988). Based on our
research with P. eldarica, which showed an
increased stomata1 conductance and tran-
spiration when plants were subjected to eth-
ylene for longer than 48 h, we hypothesized
that gas-exchange response of plants ex-
posed to ethylene for more than 2 days is
species- and ethylene-concentration-depen-
dent. Here our objective was to determine
whether the gas-exchange response in to-
mato plants exposed to ethylene was similar
to the responses in P. eldarica. Research with
tomato using 300 mg ethephon/liter applied
as a foliar spray (Woodrow et al., 1988) or
4 µl ethylene gas/liter (Bradford, 1983) re-
vealed no short-term effect on stomata1 con-
ductance of tomato, while short-term exposure
to 60 to 70 gaseous ethylene/liter was im-
plicated in stomata1 closure of tomato leaves
(Madhavan et al., 1983). Preliminary work
with tomato indicated the need to adjust the
ethylene concentration to levels below 7.5
µl·liter -1 to obtain responses similar to those
seen in P. eldarica. Therefore, in the present
study, we exposed tomato plants to 5 or 50
µl·liter -1 for 9 days.

Eighteen ‘Spring Giant VF’ tomato plants
were grown from transplants in 2.8-liter con-
tainers in a greenhouse. The growing me-
dium was a 2 peatmoss : 1 vermiculite mix
(v/v). Ethephon treatments began when plants
were ≈30 cm tall. Day temperatures in the
greenhouse did not exceed 30C, whereas
nights were maintained above 20C. Maxi-
mum photosynthetic photon flux (PPF) in the
greenhouse was 1200 µmol·m -2·s-1 at solar
noon. The plant material was divided into
three treatments of six plants each. Treat-
ments included a control (water only) and
ethephon at 5 or 50 µl·liter -l prepared in
deionized water and applied daily as a root
drench. Plants were watered daily until the
solution drained freely from the bottom of
the pots. Ethylene gas released from the
treatment solutions was analyzed using a
Hewlett Packard 5840 gas chromatograph
(Hewlett Packard, Palo Alto, Calif.) equipped
with a flame ionization detector and an ac-
tivated alumina column, operated at 100C.
Gas samples (5 ml) were drawn from the top
5 cm with a hypodermic syringe of the ethe-
phon-soaked growing medium. Ethylene re-
lease was monitored for 24 h. This duration
was considered sufficient because in the
greenhouse, the solution was re-applied to
the containers every 24 h, thus leaching the
medium and replacing most of the air in the
medium. Soil air samples indicated that eth-
ylene release (2-24 h) did not exceed 23
µl·liter -l air during this period (Table 1).

Gas exchange measurements were con-
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ducted on the first fully expanded terminal
leaflet under the main growing tip of each
tomato plant. Gas exchange was measured
using a portable system (model 6000; LI-
COR, Lincoln, Neb.) with a 0.25-liter stirred
cuvette. One leaflet per plant was enclosed
in the sampling chamber. Measuring only
one leaflet was considered sufficient after trials
showed little variability within one plant. The
equipment was calibrated with a standard-
ized CO2 gas mixture. After a 30-sec mea-
surement period, leaflets were excised and
total leaf area determined with a portable leaf-
area meter (model 3000, LI-COR). Mea-
surements were taken between 10:00 and
11:00 AM Mountain Standard Time. The
seven measurement days were cloudless,
which resulted in a relatively stable PPF: be-
tween 600 and 800 µmol·m -2·s-1 (in the
greenhouse). Temperature and humidity were
≈ 26C and 60%, respectively. The effect of
ethephon on gas-exchange characteristics was
analyzed using a polynomial regression (SAS
Institute, 1985).

Ethephon induced changes in gas-ex-
change patterns of tomato plants (Fig. 1, Ta-
ble 2). Over the 9 days, photosynthesis
234
showed an oscillating response to each ethe-
phon treatment (Fig. 1A), with photosyn-
thesis values for the two treatments ranging
from 8.48 to 11.7 mol·m-1·s-1 (no trend was
seen over time or between treatments). Sto-
matal conductance (g,) increased after ethe-
phon application for the first 2 days for the
50-µl·liter -1 treatment (Fig. 1B), which co-
incides with the photosynthetic response to
this concentration. Ethephon at 5 µl·liter -1

did not induce these trends, and stomata1
conductance values ranged between 0.39 to
0.64 mol·m-2·s-1, showing an increase over
the 9 days. Transpiration also increased dur-
ing this period but was not influenced by
ethephon (data not shown). Both the tran-
spiration and stomata1 conductance values
nearly doubled from the beginning of the ex-
periment, whereas photosynthesis remained
relatively stable, possibly because the plants
matured. There seems to be a limited re-
sponse to ethephon concentration (Table 2).
Ethephon increased photosynthesis and sto-
matal conductance only on day 2, while on
day 3, stomata1 conductance showed a sig-
nificant decline with 5 µl ethephon/liter. An
analysis of variance yielded trends similar to
the polynomial regression.
In general, the literature is limited on the

effects of short-term ethylene exposure (< 48
h) on plants. Madhavan et al. (1983) re-
ported that gaseous ethylene (60 to 70
µl·liter -1) induced stomata1 closure of to-
mato plants within 48 h. Four hours after
exposure to 210 µmol ethylene gas/m 3, to-
matoes exhibited a slight drop in photosyn-
thetic rate, whereas stomata1 conductance was
slightly increased (Taylor and Gunderson,
1986). These reports correspond with our data
showing no changes in photosynthetic rates
following initial ethephon exposure (24 h),
while none of the reports examined men-
tioned plant responses to long-term ethylene
exposure.

Morphological changes were also ob-
served in the ethephon-treated plants: leaf
epinasty and formation of lenticels on the
lower stems. Plants treated with the high
concentration also lost vigor. Leaves became
epinastic in the afternoon when radiation was
highest; however, our gas-exchange mea-
surements were taken before the onset of
epinastic movement and leaves of all treat-
ments received a uniform radiation load.
Plants that received ethephon at 5 µl·liter -1

showed slight ethylene-induced symptoms,
which appeared to be intermediate to the plants
receiving the higher ethephon concentration.
The morphological changes observed in the
plants exposed to 50 µl·liter -1 are also com-
monly noted in flooded plants (Kozlowski,
1984; Tang and Kozlowski, 1984); how-
ever, in addition to epinastic movements and
lenticel formation, photosynthesis and sto-
matal conductance usually decreased under
flooded conditions (Bradford and Hsiao,
1982). These differences between flooded
conditions and the ethephon treatments sug-
gest that ethylene does not mediate depres-
sion of photosynthesis and stomata1 closure.
Woodrow et al. (1988) express a similar
opinion. They reported that ethylene signif-
icantly altered carbon partitioning and con-
cluded that ethylene did not alter the
photosynthetic processes directly. A similar
conclusion was reached by Bradford (1983).
He determined that epinastic movement, and
thus altered light interception, was ethylene-
mediated, whereas cytokinins were more di-
rectly involved with changes in the photo-
synthetic capacity of flooded plants.
Contrariwise, in vivo ethephon studies dem-
onstrated reduced photosynthetic activity of
isolated chloroplasts (Choe and Wang, 1986).
During our trial, photosynthesis and gs re-
mained at or above control levels, indicating
that chloroplasts, photosynthetic processes,
and gas-exchange mechanisms maintained
their integrity for at least 9 days.

A biphasic or multiphasic in-time re-
sponse of plant gas exchange to ethylene may
explain some of the inter- and intra-specific
variations found in the literature. The bi-
phasic photosynthetic response exhibited by
tomato (Fig. 1) was similar to that demon-
strated by Mudge (1988) for rooting en-
hancement during propagation trials. He
reports a biphasic (in time) rooting response,
with rooting being inhibited the first few hours
HORTSCIENCE, VOL. 27(3), MARCH 1992



following ethylene exposure, followed by
several days of root promotion and thereafter
a return to inhibition.

Our results suggest that observations for
<48 h may not render a complete synopsis
of plant-ethylene interactions. We propose
that plants can exhibit an analogous re-
sponse, as demonstrated by Mudge (1988)
in his rooting study. We do not know if this
phasic response continues indefinitely and if
plants require specific environmental con-
ditions to allow these ethephon-induced re-
sponses. Our results suggest that the biphasic
or multiphasic plant responses reported here
and elsewhere in studies with ethylene may
be fixed as opposed to random expressions
of ethylene response, as reported in the sci-
entific literature.
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