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gugar, Carbon Treatment Kills Plants in Soil

Impoverishment Experiment (Oregon)

Kimberly ]. Davis and Mark V. Wilson, Oregon State University,
Department of Botany and Plant Pathology, Corvallis, OR 97331;
541]/737-5242, e-mail: davisk@bcc.orst.edu, wilsonm@bcc.orst.edu.

Adding carbon to the soil, or “soil impoverishment” (Morgan,
1994), has been hailed as a way to suppress nitrogen-loving,
weeds. The idea is to add large amounts of organic carbon, in-
crease microbial activity and, thereby, decrease the available ni-
trogen in the soil. Various studies indicate that the low nitrogen
condition starves out the weeds (Carson and Barrett, 1988; Til-
man and Wedin, 1991). John Morgan (1994) reported that add-
ing sugar and sawdust to plots sown with seeds of prairie species
dramatically decreased weed abundance. Other prairie ecologists
(Seastedt et al., 1995; Wilson and Gerry, 1995) have reported
mixed results with this method. Inspired by the possibility of a
weed-free restoration, we began an experiment to learn whether
carbon-rich soil amendments might suppress the weedy exotics
in our local wetland prairies—communities inundated or satu-
rated for much of the winter and spring. To our knowledge, this
nitrogen-reducing technique has never been tried in wetland prai-
ries.

We began our experiment in a degraded wetland prairie
within the Fern Ridge Natural Area in Eugene, Oregon. We es-
tablished six test blocks across the prairie, each with a carbon-
amended plot and a no-carbon (control) plot. These blocks were
rototilled, treated, and retilled on September 13, 1995. The car-
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bon-amended plots received a 50/50 mixture of sugar and sawdust
at a rate of 2.0 kg/m2 In November 1995, we hand-seeded sub-
plots within the treated plots with a mix of five native wetland
prairie species: American sloughgrass (Beckmannia syzigachne),
California oatgrass (Danthonia californica), tufted hairgrass (Des-
champsia caespitosa), Oregon sunshine (Eriophyllum lanatum), and
cut-leaved microseris (Microseris laciniata). To compare the re-
sponses of exotics, we also added six non-native species, including
colonial bentgrass (Agrostis tenuis), sweet vernal grass (Anthox-
anthum odoratum), velvet grass (Holcus lanatus), rough cat’s ear
(Hypochaeris radicata), hairy hawkbit (Leontodon nudicaulis), and
reed canarygrass (Phalaris arundinacea).

During the spring of 1996, we observed seedling growth and,
in five of the six plots, it was easy to see which plants received
the carbon treatments. Plants in those plots looked stunted and
more yellow than plants in the control plots—evidence of nitro-
gen deficiency. We did not note, however, whether the carbon
amendment affected exotic species any more than it affected the
natives.

To sustain the effects of the nitrogen reduction, on May 12,
1996 we added another dose of sugar at a rate of 0.5 kg/m?. The
result was shocking! Nine days after we applied the additional
carbon amendments, all the plants in these plots were dead. The
sugar treatments, which were designed to favor prairie species in
their competition with exotic weeds had, instead, killed all the
species.

Immediately after the plants died, we collected 24 soil sam-
ples from all the plots and analyzed them for ammonium and
nitrate levels. We found that ammonium levels were significantly
lower (P = 0.02)in the carbon-treated plots (0.0064 mg NH,/g
soil) than the control plots (0.0138 mg NH,/g soil), while nitrates
did not differ significantly (0.0046 mg NO,/g soil and 0.0040
NO;/g soil). Thus, the carbon-addition treatments were sticcessful
in reducing nitrogen availability in these wetland prairie soils.

What went wrong? At this point, we can only speculate. We
rejected the idea that a “sugar-loving” fungal pathogen was re-
sponsible because a pathogen would have affected plants adjacent
to the plots. Then, after noting that the soil in the treated plots
smelled strongly: of hydrogen sulfide, we weighed the possibility
that the sudden, severe anaerobic conditions induced by rapid
microbial growth with the addition of sugar adversely affected
the plants. We concluded, however, that a lack of oxygen, by
itself, is not likely to have caused mortality because these species
are adapted to anaerobic conditions. It may also be the case that
the plants died due to the increased anaerobic respiration gen-
erated a surge of toxic by-products, such as alcohols and organic
acids. We have also hypothesized that the plants may have be-
come dehydrated due to negative osmotic pressure caused by sugar
in the soil.

Whatever the case, we have begun new experiments to de-
termine whether we can create nitrogen-reducing effects through
carbon treatments without killing the plants. In these experi-
ments we plan to include separate spring and fall treatments with
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various levels of organic matter being added, although some
spring treatments will receive no organic matter. We would ap-
preciate any comments or correspondence regarding this tech-
nique.
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