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ABSTRACT

Subsidence of Higtosols, caused by microbia degradation of these drained soils, is a mgor
concern in the Everglades Agriculturd Area (EAA) of south Florida. Our objective was to determine if
seasonal maintenance of shallow water tables would effectively decrease soil degradationand subsidence
while alowing conventiona production of sugarcane (Saccharum spp.). We compared the effects of
seasonally maintained water tables a 0.15 and 0.40 mdepths, and the currently practiced 0.60 m depth,
on microbia degradation of a Lauderhill soil (Lithic Medisaprist). We maintained seasona weter tables
from the beginning of May through September during the typica wet season. Fieds were drained to or
below 0.6 m from the soil surface during the remainder of the year to adlow for conventiond harvest and
cultural management. We took surface soil samples bimonthly, applied the substrate C-benzoate, and
monitored **CO, respiration as an indicator of Histosol degradation. Seasonaly maintained water tables
at 0.15 and 0.40 mreduced microbid degradation of the organic soil, resulting inmodel ed subsidencerates
of 1.4cmy*and 2.0 cm v, respectively, when compared to 4.3 cm y* for the conventiona 0.6 mdegpth.
Decreased soil degradationand increased sugtanability resultingfromshalowwater table maintenancewas
a direct result of increased soil water content and the corresponding decrease in air-filled pore space.
Seasona maintenance of shalow water tables appears compatible with current production practices for
sugarcane, and will enable significant conservation of EAA Histosols

INTRODUCTION

Histosols, the organic soils common to the EAA, are fertile, with high native carbon (C), nitrogen
(N), and phosphorus (P) levels. Conventiona agricultura practices for sugarcane productioninthe EAA
include maintenance of water tablesat or below 0.6 mfromthe soil surface. The aerobic soil environment
created by agriculturd drainage enables microbia minerdization of the organic soil, and rdease of C, N,
and P for microbia and plant uptake. Off-loading of excessN and P resulting from soil minerdization has
beenaddressed through deve opment and adoption of on-farm management practices (Izuno et. al., 1995).
During soil minerdization, the rate of C lost ascarbondioxide (CO,) exceedsthe rate of C attenuationand
storage. Thisresultsin land subsidence of up to 4 cm y* (Stephens and Johnson, 1951; Stephenset d.,
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1984). However, no sugarcane management practi ces have been adopted to address the land subsidence
issue.

Consdering the economic impact of sugarcane production on the EAA region and the state
(Schueneman, 1998), it isimportant to maintain sugarcane production in this region. However, it isaso
important to explore sugarcane management practices that ensure soil resource and environmental
sugtainability. Oneway to reduce microbid degradation and to increase soil resource sustainability isto
maintain shallow water tables. This practice would decrease aerobic soil degradation of the organic soil,
primarily by reducing the air-filled pore space and the oxygen (O,) available.

Past research shows that sugarcane istolerant of, and can be successfully grown in, soils with a
seasondly maintained shallow water table (Gascho and Shih, 1979; Kang et. d., 1986; Snyder €. d.,
1978). However, past research raing shalow water table management to soil sustainability of EAA
Histosols considersonly full-season water table maintenance (Stephens and Johnson, 1951; Volk, 1972).
The impacts of seasondly maintained water tableson Histosol sustainability are not adequately quantified.
We suggest that seasondly maintained shalow water tables can substantially improve soil sugtaingbility,
while dlowing for current crop management practices and yield. Our objective was to assay the effects
of seasond shdllow water table management on soil sustainability.

MATERIALSAND METHODS

The research Site was established in 1997 near South Bay, FL (Figure 1) and consisted of seven
6.7 ha fidds (180 m x 370 m). The organic soil was a Lauderhill muck soil (Lithic Medisgprist). Bulk
density and particle density were determined in the lab and were then used to determine pore space by
caculation (Blake and Hartge, 1986a; Blake and Hartge, 1986b; Danielson and Sutherland, 1986).

Threefiddsunder water table management, one each at target water table depths of 0.15(WT-1),
0.40 (WT-2), and 0.60 m (WT-3) below soil surface (Figure 2), were planted to sugarcane and were
separated by four unplanted buffer fields of equa sze. Water tablesin each fidd were controlled at the
previoudy mentioned depths usngautometically-controlled, diesal-powered pumpspositioned at thesupply
cand inlet and outlet for each experimentd fidd. I1n response to needs expressed by Glaz (1995), water
tables were maintained from gpproximately May (following Spring germination and stand establishment)
through September (Figure 2). This corresponds with the warm, high-rainfall portion of the growing
season.  During the remainder of the year, fields were drained, with a target water table depth of 0.6 m
(Figure 2) to dlow for conventiona harvest and culturd practices.

Usngadainless sted bucket auger (0.07 mdiameter), fidd soil sampleswere collected every two
months from the surface 0.00-0.15 m of the soil profile, midway between sugarcane rows. We weighed
triplicate soil samples, dried them in a 105°C oven for 24 h, and determined soil water content by
difference.

Tate (1979a and 1979b) used a substrate-induced respirationassay to successfully modd effects
of flooded management on microbid decomposition of Histosols of the EAA. We modified the assay,
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usng benzoate instead of salicylate to mode organic soil minerdization, as suggested by Williams and
Crawford (1983). Williamsand Crawford (1983) successfully used benzoateto model degradation of pesat
gmilar in many respectsto Histosols of the EAA. In concurrent studies the benzoate assay was sengtive
to changesinwater management on EAA Histosols (datanot shown). We applied **C(carboxyl)-benzoate
at arate of 861 MBqg kg* wet soil (pecific adtivity, 577MBq pmole™?, Sgma Chemicas, St. Louis, MO).

We assayed 6 homogenous soil samplesfrom each fidd. We conducted substrate assays at room
temperature (22 + 1° C) within 6 h of sample collection. Substrates were mixed with 10 g (wet weight)
of soil fromeach of the fidd samples. Sampleswereincubated for 2 h (Zibilske, 1994), and evolved CO,
induding *CO, was collected ina 1M NaOH trap solution. Following incubation, we mixed 1 mL of the
trap solutionwith5 mL of scintillationcocktall (ScintoSafe Plus 50%, Fisher Scientific, Pittsburgh, PA) and
determined rate of “CO, respired by microorganisms in the soil degradation process (Model LS 3801,
Beckman Instruments, Fullerton, CA).

Datawere andyzed using the Analyss of Variance procedure in SAS v.8 software (SAS, 1999),
and datidica differences between means were determined usng Fisher’s LSD (a=0.05). Regression
anayss was aso conducted using the SAS v.8 software.

RESULTS AND DISCUSSION

Seasond shalow water table maintenance trestments resulted in Sgnificant differencesinsoil water
content (Table 1). Seasonad maintenance of water tables a the 0.15 m depth (WT-1) significantly
increased water content of the surface soil. Only WT-1 caused soil aeration to fal below 10 % air-filled
porosity (Table 1), aminimum volume required for adequate soil aeration and aerobic microbia activity
(Paul and Clark, 1989). The depth to the shalow water table was highly variable during the free-drainage
period resulting in no sgnificant differencesinsoil water content, however therewas atrend for greater soll
water content and decreased air-filled porosity withthe seasonal WT- 1 treetment when comparedto either
WT-2 or WT-3 treatments (Table 1). While the seasonal shalow water tables were maintained, WT-2
increased s0il water content in comparison to conventiona water table management (WT-3). This
difference was not significant at the a=0.05 levd, but was sgnificant a the a=0.10 level.

Assay resullts (Table 2) indicated shiftsinresponses to changes in water table management smilar
in magnitude to those for gross respiration reported by Volk (1972), who evaluated water table impacts
onsubsidence of EAA Higtosolsin lysmeters with re-packed soil. During periods of shallowwater teble
maintenance, the conventiond water management practice (WT-3) resulted in the greatest assayed
microbid activities (Table 2 and Figure 3).

Elevated assay results associated with conventional management (WT-3) indicate significantly
reduced sugtainability of the organic soil relative to either WT-1 or WT-2, the seasonally maintained
shdlow water tables. Moreover, when compared to WT-3, seasonad shallow water table treatments
generdly improved sustainability of organic maiter throughout the periods
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of free drainage (Table 2). We maintained shalow water tables for only four to five months during the
warm, wet portionof eachyear. This suggeststhat WT-1 and WT-2 result in residua suppression of soil
degradation which has not been previoudy reported for Histosols of the EAA region. Thisislikdy aresult
of reduced aerobic microbid populations during the beginning of the free drainage periods (Table 1).

The WT-1 treatment resulted in greater overal Histosol sustainability when compared to WT-2
(Table 2). However, maintenance of either WT-1 or WT-2 decreased microbia degradation of the
organic soil by up to 50 % whencomparedto WT-3. Thisin turnsuggeststhat WT-1and WT-2increase
Histosol sugtainability by as muchas two timesthat of WT-3, the conventiona water management practice.

During the short durationof this study, direct measurement of subsidence was not practicable. To
relate our benzoate assay to soil subsidence, we regressed our benzoate assay results (periods under
shallow water table management) on subsidence ratesfor full-seasonshallow water table management as
reported by Stephens and Johnson (1951). This regression analysis resulted in the following equation:

Subsidence = 3.63 x BA - 1.63 Adjusted R? = 0.90 [1]

where subsidenceisin units of cm y?, and BA (benzoate assay) isin units of mmoleshi* Mgt. We then
fit our datafor overdl trestment effects to equation[1], resultinginmodeled overdl subsidenceratesof 1.4
cmytand 2.0 cmy?, for WT-1 and WT-2, respectively. The conventional water management practice,
WT-3, resulted in an overal subsidence rate of 4.3 cm y'* using the same fitting procedure.

These estimates arecomparabl e to projections of Stephens and Johnson (1951) that indicate WT-
1, WT-2and WT-3would result insubsidencerates of 0.6, 2.2 and 3.7 cm y'2, respectively, if maintained
throughout the year. Maintaining seasond shallow water tables for only five months out of a year resulted
in projected subsidence rates only dightly higher than those projected by Stephens and Johnson (1951)
for full-season shallow water table management. Stephens and Johnson (1951) used elevation changesto
measure subsidencerather thananassay. Thiswould take into account decomposition throughout the sol
profile. Our projections likely overestimate subsidence rates for the entire soil profile, asthey are based
on assay of the surface 0.00-0.15 m of the soil profile, and the greatest potential soil degradation rates.
Correl ationof benzoate assay resultswithdirectly measured soil subsidenceratesis needed to vaidate the
modd for the Lauderhill soil and other Histosols of the EAA.

CONCLUSIONS

Asareault of maintaining seasonal shallow water tablesfor only five months out of ayear, our assay
indicates subsidence rates dightly greater than that projected for full-season shalow water table
management. These data support seasonal shalow water table management as a means of reducing
subsidence and improving sugtainability of vauable EAA soil resources.  Shallow water tables not only
increase soil sustainability during the portion of the year when they are maintained, but canaso resdudly
incresse sugtainability during the harvest season when fidlds are drained. This study should be replicated
on other Stes with different organic soil characteristics. Improved correlation of assay results to directly
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measured subs dence rates should show that seasona water table management isaseffective asfull-season
maintenance in improving soil sugainability.

Giventhe current sugarcane varieties and productiontechnology, animmediate shift to full-season
shdlow water table management is not redigtic without negetively influending sugarcane productionand the
EAA and Horida agricultural economies. WT-2 gppears the best fit with current sugarcane varieties and
production technology. The WT-1 trestment providesthe grestest potential increase in soil sugtainability.
Researchshould be conducted to devel op new sugarcane varieties suitable for productionunder seasondly
maintained shallow water tables.

Shihand others(1997) reported decreased subsidenceratesfor the last 10 years based onchanges
in soil eevation on known transects throughout the EAA. They attribute decreased subsidence in part to
shdlow water table management, a result of Best Management Practice implementation for P off-loading
(Shih et d., 1997). Decreased soil degradation and mineraization would result in reduced nutrient off-
loading as indicated by Davis (1991). Future research should also address the effects of seasond shallow
water table management on nutrient off-loading. Improved sugarcane management including shallow water
table maintenance can be an environmentally and economically sound production sysem. As a
conservation practice, seasona shdlow water table management could double the production life of
vauable EAA soil resources.
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Table 1. Treatment impacts on soil water content and air-filled porosty for the period when shalow
water tableswere maintained, for the drained period enabling conventiona harvest and cultivation, and for
the water management practice overdl.

Average Soil Water Content [Air-Filled Porosity']

Treatment Shdlow Water Table Drained Overal*
menT3 [%]

WT-18 077[1] & 0.72[6] a 0.74[4] a

WT-2 0.67[11] b 0.59[19] a 0.62[16] b

WT-3 0.59[19] b 0.59[19] a 0.59[19] b

TAir-filled porosity determined as the difference between caculated tota porosity and volumetric water
content.

*Overdl refersto the overall water treatment effect, being the average water content or air-filled porosity
for the entire year, including the periods of shalow water table management and free drainage.
$Trestments are based on the depth at which the seasonal shalow water table was maintained with
WT-1=0.15 m depth, WT-2=0.4 m depth, and WT-3=0.6 m depth.

TStatistica comparisons are vaid in asoil depth, within acolumn. Means followed by the same letter are
not sgnificantly different (Fisher'sLSD, a= 0.05).
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Table 2. Water management impacts on the benzoate assay of soil degradation for the period when
shdlow water tableswere maintained, for the drained period enabling conventiona harvest and cultivation,
and for the water management practice overal.

Benzoate Assay of Histosol Degradation

Treatment Shdlow Water Table Drained Overal’
mmoles ' Mg? dry soil
WT-1* 0.68 & 0.97a 0.84a
WT-2 0.9b 105a 1.00 b
WT-3 150b 171a 1.63 b

TOvedl refers to the overdl water treatment effect, being the average benzoate assay of Histosol
degradationfor the entire year, induding the periods of shallow water table management and free drainage.
*Treatments are based on the depth a which the seasonal shalow water table was maintained with
WT-1=0.15 m depth, WT-2=0.4 m depth, and WT-3=0.6 m depth.

S3tatistical comparisons are valid in asoil depth, within acolumn. Means followed by the same letter are
not sgnificantly different (Fisher'sLSD, a= 0.05).

70



Journal American Society of Sugarcane Technologists, Vol. 22, 2002

Figure 1. The research site ( % ) located in the Everglades Agriculturd Area lies south of Lake
Okeechobee (shaded black) in western Palm Beach County, Florida
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Figure 2. Water table depth for each treatment [WT-1=0.15 m depth, WT-2=0.4 m depth, and WT-
3=0.6 m depth] during seasona shalow water table maintenance and during free drainage.
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Figure3. Study-long assay results as affected by water table management. Error bars indicate sandard
error of the meaen. Treatments are based on the depth at which the seasona shalow water table was
maintained with WT-1=0.15 m depth, WT-2=0.4 m depth, and WT-3=0.6 m depth.
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