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ABSTRACT

Carbon sequestration in soils might offset part of the increase of CO, in the atmosphere. Two contrasting subtropical
grassland species, bahiagrass (BG), Paspalum notatum Fliigge, and rhizoma perennial peanut (PP), Arachis glabrata
Benth., a legume, were grown at Gainesville, Florida, USA, in field soil plots in four temperature zones (baseline-
ambient, +1.5, +3.0, and +4.5 °C) in four temperature-gradient greenhouses, two each at 360 and 700 ppm CO,. The
soil had been in continuous cultivation for more than 20 years before plant establishment. Samples from the top 20
cm of each plot were collected before plant establishment and six years later, after the study ended. Soil organic
carbon (SOC) increases across the six years were greater for BG than PP, 1.396 and 0.746 g/kg, respectively.
Belowground biomass was also greater for BG than PP. Mean SOC gains in BG plots at 700 and 360 ppm CO, were
1.450 and 1.343 g/kg, respectively (no CO, effect). Mean SOC increases in PP plots at 700 and 360 ppm CO, were
0.949 g/kg and 0.544 g/kg, respectively (significant CO, effect). Overall, SOC increased only for the first
temperature increment, and thereafter declined. Soil organic nitrogen (SON) accumulation patterns were similar to
SOC increases. Mean annual SOC accumulation was 475 kg/ha per year, comparable with other studies. We
conclude that carbon can be accumulated in soils converted to grassland species in humid, subtropical environments.
The SOC accumulation will be greatest for species that have greater belowground biomass accumulation.

INTRODUCTION

Sequestration of carbon in the soil can decrease the amount of CO, in the atmosphere and potentially mitigate the
impact of global warming by rising greenhouse effect gases [Izaurralde et al., 2001]. Much work has been done on
carbon sequestration by natural grasslands [Schuman et al., 2002; Sperow et al., 2003; Pendall et al., 2004], but less
work has been done on managed grasslands, especially in the humid Southeastern USA [Franzluebbers et al., 2000).
The objectives were to determine the amounts of SOC and SON accumulation across time after establishment of two
forage species, BG and rhizoma PP, in a Florida sandy soil previously under cultivation for more than 20 years and
to determine the impact of both elevated CO, concentration and temperature on accumulation of SOC and SON by
these two species in a humid, subtropical environment.

MATERIALS AND METHODS

On 10 April 1995, ‘Pensacola’ BG seeds were sown and ‘Florigraze’ PP rhizomes were incorporated into the soil in
four computer-controlled temperature-gradient greenhouses (TGG). Each TGG was placed over natural field soil
profiles (Millhopper fine sand, a loamy, siliceous, hyperthermic, Grossarenic Paleudult). Four experimental zones
were maintained at baseline-temperature, +1.5, +3.0, and +4.5°C, respectively by controlled injections of heated air
and controlled ventilation. Two TGGs were maintained at 360 (ambient) and two at 700 ppm CO,. Fertilizer was
applied according to plans and plots were irrigated to exceed evapotranspiration slightly. Herbage was harvested
three to four times during each year from 1995 through 2000. Details of treatment conditions, fertilizer applications,
irrigation, and herbage yields were reported earlier [Newman et al., 2001]. Four replicated soil samples from the top
20 cm of each plot were collected in February 1995 before forage establishment and in December 2000 when the
study ended. Soil samples were analyzed for total C and N in a Thermo-Finnigan FlashEA 1112 CNS analyzer.



RESULTS AND DISCUSSION

Overall Effects. Mean SOC increased by 1.081 g kg™, from 4.185 to 5.266 g kg™ (P < 0.01), an increase of 26%.
Mean SON increased by 0.095 g kg™, from 0.277 to 0.372 g kg™, an increase of 34% (P < 0.01). Thus, forages
promoted SOC accumulation in subtropical environments on previously cultivated land.

Species Effects. Mean SOC increased by 1.396 g kg™ for BG and 0.746 g kg™ for PP, a BG/PP ratio of 1.87 (P <
0.01). Mean SON increased by 0.1118 g kg™ for BG and 0.0765 g kg™ for PP, a BG/PP ratio of 1.46 (P < 0.01).
Thus BG accumulated more SOC than PP, although PP herbage yields were higher [Newman et al., 2001]. In 1997,
mean belowground biomass of BG and PP was 2.3 and 1.3 kg m?, respectively [Boote et al., 1999]. The
belowground biomass ratio (1.78) was consistent with the BG/PP accumulated SOC ratio (1.87). Thus, SOC and
SON accumulations depended on the forage species.

CO, Effects. Mean SOC increased by 0.943 g kg™ for 360 ppm and 1.199 g kg™ for 700 ppm CO,, a ratio of 1.27 (P
< 0.01). Likewise, mean SON increased by 0.0886 g kg™ for 360 ppm and 0.0997 g kg™ for 700 ppm, a ratio of 1.13
(P =0.08). Thus, accumulation of SOC was enhanced by elevated CO,.

Temperature Effects. Mean SOC increased by 1.18, 1.21, 0.97, and 0.92 g kg™ at the four increasing temperature
treatments (P = 0.03). Likewise, mean SON increased by 0.104, 0.106, 0.087, and 0.079 g kg™* (P < 0.01). A slight
increase above Gainesville, Florida, ambient temperatures did not change SOC and SON accumulation, but further
increases in temperature would lead to lesser accumulation. This trend occurred despite increased herbage yields
across increasing temperature treatments [Boote et al., 1999; Newman et al., 2001]. SOC and SON accumulations
were diminished for 3°C or more above current Gainesville ambient temperatures.

Species x CO, Interactions. Mean SOC increased 0.544 g kg™ for PP at 360 ppm, 0.949 g kg™ for PP at 700 ppm,
1.343 g kg for BG at 360 ppm, and 1.450 g kg™ for BG at 700 ppm. Thus, the SOC ratio of PP700/PP360 = 1.74
and the SOC ratio of BG700/BG360 = 1.08. Mean SON increased 0.0655 g kg™ for PP at 360 ppm, 0.0875 g kg™ for
PP at 700 ppm, 0.1117 g kg™ for BG at 360 ppm, and 0.1118 g kg™ for BG at 700 ppm. Thus, the SON ratio of
PP700/PP360 = 1.34 and the SON ratio of BG700/BG360 = 1.00. Elevated CO, caused a large increase of SOC
accumulation in PP but a small increase in BG. Elevated CO, caused a noticeable increase of SON accumulation in
PP but no increase in BG. Species x CO; interaction was weak for both SOC and SON (P = 0.08).
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