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ABSTRACT: Extensive greenhouse studies using intact cores of U.S. Gulf coastal wetlands play a vital role in protecting the shoreline
marsh vegetation includin@partina alterniflorademonstrated the from wave action, providing fish and wildlife habitats, and improving
potential of a shoreline cleaner (Corexit 9580) to remove oil from plant water quality (Webb, 1977; Mitsch and Gosselink, 1993). Some of these
canopy. Because of these positive results, a permit to conduct a full-ecosystems are also subject to oil industry activities such as exploration,
scale field test was obtained by Louisiana State from regulatory agen-drilling, storage, refining, and transportation of petroleum products.
cies in June 1995. Field tests were conducted in a Louisiana marsh at aThus some marshes are subject to occasional oil spills. The adverse
wildlife refuge in August 1995. The test site contained replicated effects of oil on marsh vegetation range from short-term disruption of
8 ft X 8 ft test plots that included the following treatments: oiled with plant functioning to mortality (Baker, 1970; DeLaune, Patrick, and
South Louisiana crude oil, oiled and chemically cleaned after 2 days Buresh, 1979; Alexander and Webb, 1985; Pezeshki and DelLaune,
using Corexit 9580, and control. Significant initial reductions in plant 1993). Mechanical and chemical methods are available to minimize the
stomatal conductance, transpiration, and {f@ation rates in response  negative effects of oil in wetlands. Oil can be physically removed from
to the “oil” and “oil + Corexit 9580” treatments were noted, which  the wetland or concentrated with absorbent materials, but wetlands are
were followed by substantial recovery in the “¢ilCorexit 9580 treat- particularly vulnerable to mechanical damage during removal opera-
ment. Use of the cleaner improved the survival and regeneration capa-tions (OTA, 1990). Chemical cleaners have been considered as a means
bility of treated plots because of the low initial mortality rates and the of removing oil from affected wetlands, and a number of commercial
rapid restoration of plant gas exchange activities. Plots treated with cleaners are available. However, this method requires careful consider-
“oil + Corexit 9580” had a significantly greater number of live shoots ation because some cleaners can damage various organisms (Fingas
throughout the measurement period in 1995. Biomass harvests con-<t al.,1989; Daniels, 1994). Corexit 9580 shoreline cleaner, developed
ducted at the end of the 1995 growing season revealed that live biomassluring the cleanup of the Valdez spill in Alaska (Fioetal.,1991), is

per unit area of marsh was significantly reduced under all treatments. a low-toxicity, low-dispersion cleaner. The cleaning effectiveness and
The second harvest in 1996 indicated that live biomass had recoveredow toxicity of Corexit 9580 have been confirmed and reported by Envi-
to levels close to those of control plots. Our field studies demonstratedronment Canada (see Fingasl., 1989, for details).

that oil can be removed using Corexit 9580 in the field without any  The cleaner Corexit 9580 has been used previously in various exper-
detectable adverse effects on plants. In addition, the beneficial effects ofmental conditions to remove oil from plants. For instance, &eak
Corexit 9580 in rapidly restoring plant transpiration pathways under (1993) showed that Corexit 9580 prevented the mortality of oiled red
field conditions was evident. However, plants under all treatments mangrovesRhizophora mang)eby removing oil that otherwise would
recovered, showing th&partina alternifloragiven adequate time, can  have suffocated roots. Pezeshkial. (1995) studied the effectiveness
recover from oiling with South Louisiana crude. Additional studies of Corexit 9580 in removing oil fror8. alterniflorafoliage in a green-
using more stressful oil types such as Bunker C are needed to examinbouse study. The cleaner was effective in removing oil from the leaf and
the effectiveness of Corexit 9580 in cleaning plant canopies under fieldshoot surfaces. Detailed studies on responses of plant gas exchange in
conditions. S. alterniflorashowed that the cleaner was effective in removing differ-
ent types of oil and in improving short-term plant functioning, as indi-

397



398 1997 INTERNATIONAL OIL SPILL CONFERENCE

cated by greater stomatal conductance (Pezeshkj1995). However, ber height, and water depth. Before sampling, chamber air was mixed
many of the previous studies were conducted under laboratory and/otby repeatedly withdrawing and reinjecting air with a 60-ml syringe. Air
greenhouse conditions. Thuglél evaluation was needed to test the samples (15 ml) were collected 15 minutes after the chambers were
effectiveness of Corexit 9580 in removing oil and to monitor subsequentplaced over the marsh plants. Trial runs indicated that detectable
plant responses under natural conditions. The present study was therechanges in the C@ontent of the air samples were noticed in 6 minutes.
fore conducted to evaluate the effectiveness of Corexit 9580 in ¥femov The amount of time elapsed between the initial amal §ample was

ing oil fromS. alterniforaplants under éld conditions in Louisiana salt ~ recorded to the nearest minute. Air samples were stored in 10-mi Vacu
marshes. tainers (Becton Dickinson and Company, Rutherford, New Jersey) and
returned to the laboratory. Subsamples (1 ml) were analyzed for CO
content with a gas chromatograph (Shimadzu, model GC-14A) ard ther
mal conductivity detector. Respiration rates for vegetation and soil com
munities were estimated from the increase in, €@Mcentration in the
dark chamber. Measurements made during darknesstredbpiration,
Study site. The experiment was conducted in a Louisiana salt marsh whereas measurements made during lightce€Q depletion by phe

Materials and methods

composed of a monotypic standSfalternifora located at Point aux

Chiens Wildlife Management Area, Montegut, Louisiana. The experi

ment was conducted during the 1995 and 1996 growing seasons.
Twelve enclosures (each 84t8 ft) were constructed with sheets of

tosynthesis. The difference between theds determined with the light
and dark chambers was considered to be grossfi€@ion (Smith
et al.,1981).
Stomatal conductance, photosynthesis, and respiration data were ana

plywood. The enclosures were driven down into the marsh surface at thdyzed as repeated measures. This statistical method allows for correlated
study site so that 1.5 ft remained above the surface. In plots treated witlobservations, such as those collected from the same plot (Snedecor and
oil or oil and cleaner, an absorbent boom was used to prevent leakage a€ochran, 1989). Data were analyzed using the Statistical Analysis Sys
oil or cleaner outside the enclosure. tem package (SAS, 1987). Post-ANOVA tests were performed using
South Louisiana crude was applied in August 1995 to thex83ftt Duncan’s Multiple Range test procedure of SAS.
plots enclosed within the plywood retainers. The oil was applied at the
rate of 2 L/m? onto the plant canopy. Plants were approximately 90 cm
tall at the time of treatment. Two days after the oil treatment, Corexit
9580 was sprayed onto the oiled plant canopy to remove the oil. TheResults
cleaner was sprayed at the rate of 0.33 Bmfimarsh surface area using
a portable garden sprayer. Following the cleaner application, a portable Time-course response of stomatal conductance and transpiration
pump was used to draw water from an adjacent creek and to wash dowshowed signifiant initial reductions in stomatal conductance and tran
the cleaner together with the oil from the plant canopy using a standardspiration rates in response to oiling (Figure 1). Substantial recovery was
garden hose and nozzle. The plant canopy weshdld for approxi noted in plants that were cleaned using Corexit 9580 two days after oil
mately 5 to 10 minutes. The treatments were (1) control, no oil or ing (see Figure 1). By day 45, plants under the+aileaner” treatment
cleaner; (2) oiled with South Louisiana crude oil; and (3) oiled with had regained their stomatal functioning and had transpiration rates com
South Louisiana crude oil and cleaned with Corexit 9580. The treat parable to those of control plants. However, leaves of plants directly
ments were arranged in a randomized block design consisting of foursubjected to oiling (and not cleaned) showed no signs of recovery. The
replications. plants showed a signifant initial reduction in carbonxftion in
Plant responses to the treatments were monitored at various intervalsesponse to the treatment. However, the rates were improved in “oil”
throughout the study during the 1995 and 1996 growing seasonrs. Durand “oil + cleaner” plants within 60 days. At the end of thstfgrow
ing the 1995 growing season, stomatal conductance and transpiratioring season, CQgross fkation rates per gram of dry weight of live bio
were monitored at 1, 5, 15, 45, 60, and 65 days after treatment initiation.mass were comparable in all treatments, representing 115% and 98% of
Photosynthetic carborxfition was evaluated at 1, 2, 4, 8, and 12 weeks control in “oil” and “oil + cleaner” treatments, respectively (Figure 2).
after treatment initiation. During the second growing season (1996), When CQ gross fkation values were examined for the second growing
stomatal conductance, transpiration, and carbatidin were measured  season (1996), it was evident that, despite the slightly reduced values,
on three measurement days in June, July, and August 1996. In additiomo signifcant £ < 0.05) adverse effects of oiling on plant gas exchange
to the physiological studies, data on the number of live plants, deadwere detectable; values were 90% and 80% of control in “oil” and “oil
plants, new shoots, and plant height were recorded in 1995 at 1, 3, 11+ cleaner” treatments, respectively (see Figure 2). Despite the recovery
and 15 weeks following treatment initiation. The aboveground biomass during the fist growing season and the persistence of high gas exchange
components were cut at the end of the 1995t(fiarvest) and 1996 rates during the second growing season as evidenced hyr@s3 fk-
(second harvest) growing seasons, and dry weights of live and deadtion rates per gram of dry weight of biomass, the @Oss fkation
materials were determined by drying the harvested biomass’@t 80 rates per unit area of marsh remained sigaifily lower in “oiled” plots
to a constant weight. and “oil + cleaner” plots as compared to the “control” plots. Thmg-fi
ing was attributed primarily to low plant density in “oil” and “ail
cleaner” plots because of the initial plant mortality. Fewer live plants
(Figure 3) and less aboveground live biomass (Figure 4) per unit marsh
area during the f§t growing season had contributed to the loweg CO
gross fkation per unit area of marsh observed in the “oiled” plots and
Plant responses to the treatments were evaluated by monitoring‘oil + cleaner” plots in the present study.
changes in stomatal conductance, photosynthesis, and respiration using Use of the cleaner improved the survival and regeneration capability
the following techniques. of plants because of the rapid restoration of gas exchange and the lower
Stomatal conductance.Measurements of leaf conductance to water rates of initial mortality following treatment initiation. The number of
vapor along with photosynthetic photooxldensity (PPFD) and leaf  live shoots per unit area of marsh was sigaifily reduced in response
temperature were made on replicated sample leaves (six measurements oiling (see Figure 3). However, plots treated with “ilCorexit
per species-treatment combination) on each sampling day. Leaf con9580” had a signifiantly greater number of live shoots than “oil” plots
ductance was measured using a steady-state porometer (LI-1600, Lithroughout the measurement period in 1995 (see Figure 3). Some

Experimental procedures

Cor, Inc., Lincoln, Nebraska).
Photosynthesis and respiration measurements?hotosynthetic

adverse effects of oiling on the number of live shoots remained
detectable during the second growing season under all treatments.

rates were estimated from the difference between the rates of CO The fist biomass harvest conducted at the end of the 1995 growing

change in light and dark chambers (Sreitlal.,1981). Light and dark

season revealed that, although the values of the dead aboveground bio

chambers were placed over the marsh surface. Chambers were 1 m tathass component were unchanged across treatments, the live above
and 25 cm in diameter. They were all constructed of clear Plexiglas andground biomass component differed sigfitly among the treatments.
were equipped with a rubber stopper for withdrawing gas samples. TheLive biomass was signdantly reduced under “oil” and “oit cleaner”

dark chambers were covered with aluminum foil to block sunlight. The treatments (see Figure 4). Plants under thet‘@lleaner” treatment had
internal air volume was determined from the chamber diameter,-cham slightly, but not signiantly, higher live aboveground biomass dry
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Figure 1. Responses of (A) stomatal conductance and (B) tran-

spiration in Spartina alterniflorato oil (south Louisiana crude) and 240
oil + cleaner (Corexit 9580) treatments. Values are presented as 220 I T CJwk1
percentage of control. South Louisiana crude oil was sprayed Wk 3
onto plant canopies. The leaves were initially coated with oil. 200 - X Wk 11
Stomatal data were collected on leaves that existed at the time of [0 Wk 15
treatment initiation and were initially coated with oil. Values are 180
the mean for six replications. E
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weights than plants under the “oil” treatment. The second harvest con G 140 l _I

ducted in 1996 indicated that the live aboveground biomass component—-
per unit area of marsh remained slightly but not sicaufily lower than

in control plots (Figure 5). In addition, there was a remarkable recovery © i

of live biomass in the 1996 growing season in both the “oil” and+oil s 100

cleaner” plots when compared to the 1995 data (Figure 6). Unlike 1995 .=

data, which showed comparable values of dead aboveground biomas T T
across treatments (see Figure 4), in 1996 the dead aboveground biomasg 60 L

component was signdfantly different across treatments. The “oil” plots L

had signifcantly higher dead biomass than the control plots. Plots under

the “oil + cleaner” treatment appeared to have lower dead biomass than
the “oil” plots (see Figure 5). The accumulation of dead material in “oil”
plots further indicated that oiling may have enhanced slow biomass
decomposition and thus resulted in the lowest live/dead ratios during

both the 1995 and 1996 growing seasons (Figure 7).

Discussion

The benetiial effects of Corexit 9580 in removing oil from leaf-sur
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Figure 2. Photosynthetic carbon fixation (CO, — C Gross fixation,
mg CO, g dry weight=* h-1) in Spartina alterniflora during the
eighth week following treatment initiation in 1995. Treatments
were oil (South Louisiana crude), oil + cleaner (Corexit 9580),
and control. The oil was initially sprayed onto the plant canopy.
Values are the mean for six replications presented as percentage
of control. For each year, significant (p < 0.05) differences among
treatments are denoted by different letters.
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Figure 3. Number of live plants in Spartina alterniflora experi-
mental plots at various intervals during the 1995 growing season.
Treatments were oil (South Louisiana crude), oil + cleaner
(Corexit 9580), and control. The oil was initially sprayed onto
the plant canopy. Values are the mean = SD for four replicated
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faces and restoring stomatal conductance and transpiration of oiledplots.
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Figure 4. Accumulation of aboveground biomass components
(live, dead) in Spartina alterniflora at the end of the 1995 growing
season under various treatments of oiling (South Louisiana crude
oil) and oil + cleaner (Corexit 9580). Values are the mean for four
replicated plots. For each biomass component, significant
(p < 0.05) differences among treatments are denoted by differ-
ent letters.

S. alternifora have been demonstrated in recent studies under-green
house conditions (Pezesldtial.,1995). Plant leaves coated with South
Louisiana crude oil or Bunker C oil and cleaned with Corexit 9580 solu
tion had signiftant recovery of stomatal conductance, regeneration of
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Figure 6. Aboveground biomass accumulation in Spartina
alterniflora at the end of the 1995 and 1996 growing seasons
under various treatments of oiling (South Louisiana crude oil) and
oil + cleaner (Corexit 9580). Values represent percentage of con-
trol and are the mean for four replicated plots.

new shoots, and leaf sheath elongation rate. In the present studythe ben

eficial effects of Corexit 9580 in restoring stomatal conductance and
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Figure 5. Accumulation of aboveground biomass components
(live, dead) in Spartina alterniflora at the end of the 1996 growing
season under various treatments of oiling (South Louisiana crude
oil) and oil + cleaner (Corexit 9580). Values are the mean for four
replicated plots. For each biomass component, significant
(p < 0.05) differences among treatments are denoted by differ-
ent letters.

transpiration underdid conditions was evident (see Figure 1). Leaves
subjected to “oil- cleaner” treatment showed recovery of stomatal con
ductance, whereas leaves subjected to “oil” treatment but not cleaned
did not show any recovery. Even though photosynthetic cankatiofn
showed substantial recovery in both “oil” and “¢itleaner” treatments

by the endf the frst growing season, the speedy stomatal recovery in
the “oil + cleaner” treatment would enhance photosynthetic gas
exchange functions much earlier than in plants under the “oil-treat
ment.

Although the initial, short-term adverse effects of oil on plants is dra
matic, plants may recover in the long term. The speed and extent of such
recovery may be species-spexdnd may depend on the type of oil, the
mode of delivery, the timing, the amount of oil, and other factors. For
instance, under greenhouse conditions, diedlternifora plants ini
tially showed a high percentage of mortality but recovered 2 months
after oil application. Natural shoot regeneration and leaf development
replaced dead foliage, and no differences in biomass among the treat
ments were found (Pezeshki and DeLaune, 1993; Pezstikil 995).

In the present study, leaf death in the “pitleaner” plots did not appear

as extensive as in the “oil” plots. Preventing death of oiled leaves with
cleaner application is important because the living tissuSsaiterni
floraresume photosynthetic activity and functioning; this was reported
previously (Pezeshldt al.,1995) and was evident from stomatal con
ductance and transpiration data in the present study. This continued
plant gas exchange functioning probably contributed to the observed
enhanced production of new shoots and greater live biomass in the “oil
+ cleaner” plots as compared to the “oil” plots (see Figures 3 and 4).
Our results agree with the previous reportsSormlternifbra under
greenhouse conditions (Pezeskkal.,1995). These new shoots pro
duced during the postoil period possessed normal stomatal functioning
and photosynthetic capacity. For example, Pezeshlal. (1995)
reported that, during the second month following oil applicatiod.to
alternifloracanopy, gas exchange rates for the leaves that emerged after
the treatment initiation were similar to those of control plants. The pre
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Response implications
1
v/

!l In formulating response strategies to oil spills in U.S. Gulf Coast
il+Cleaner marshes, agencies should consider a number of important factors,
including the amount and the type of oil involved, the vegetation types,
the timing (season), the habitat sensitivity to the physical impacts of
cleaning operations, the proportion of plant canopy that is covered by
the oil, and the previous history of oil spills in the area. Proper consid
eration must be given to these variables. For instance, the timing of the
oil spill is critical. The adverse effects & alternifora were more
severe during the spring than during the dormant season (Webb, 1994)
because plants grow actively during the spring season, whereas in the
fall most plants become dormant. Similar differences in seasonal effects
are expected for other marsh species. The oil type is also important. For
instance,S. alternifora marshes oiled with South Louisiana crude
should recover without cleaning (Pezesékal.,1995). On the other
hand, the same species oiled with Bunker C may require cleaning to sur
vive. In general, light oils appear to kill plant tissue on contact whereas
crude oils effectively prevent plant gas exchange, thus suffocating
leaves and leading to mortality (Pezeshki and DeLaune, 1993; Webb,
1994). The previous history of oil spills in the area is also important.
Repeated oil spills in an area are likely to dramatically affect the most
sensitive plant species within the plant community. This trauma may
also result in weak individual plants that are more sensitive and vulner
able to future oil spills. In such cases, the use of cleaner may be highly
justifiable because of the rapid restoration of plant functions. If the use
of cleaner is feasible, then it should be applied as soon as possible fol
lowing an oil spill to minimize oil penetration into the sediment, te pre
vent massive plant tissue death, and to speed up the recovery of normal
gas exchange functioning. It is critical to give proper consideration to
these variables when trying to develop the most efficient strategies for
dealing with individual oil spill cases.
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Figure 7. Live/dead ratio for aboveground biomass in Spartina
alterniflora at the end of the 1995 and 1996 growing seasons
under various treatments of oiling (South Louisiana crude oil) and
oil + cleaner (Corexit 9580). Values represent percentage of con-
trol and are the mean for four replicated plots. For each year, sig-
nificant (p < 0.05) differences among treatments are denoted by
different letters.
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