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Introduction

Soil-forming factors are well known, and soil properties
are measurable, but the current emphasis on soil health
requires an integrative assessment of how intrinsic soil
properties are affected by soil management (Doran and
Zeiss 2000). From a grower’s perspective, this means
considering not only how soil management decisions affect
the chemical health of a soil (pH, nutrient content) but also
the soil’s biological and physical health, such as its organic
matter content and water-holding capacity. Evaluating
changes in soil properties associated with flooded fields
during the summer months in the Everglades Agricultural
Area (EAA) provides us an opportunity to assess the effect
of soil management associated with flooded versus dry-
fallow field conditions on Histosols. The information will be
beneficial not just to growers in south Florida who cur-
rently farm flooded rice but also to those who are planning
to do so in the future. In addition, this information will

be useful for our Extension agents who work on rice and
for soil conservation agencies such as the USDA Natural
Resources Conservation Service (NRCS).

Rice has been commercially grown in the EAA since 1977
after it was demonstrated that rice could be successfully
grown in rotation with sugarcane during the summer fallow
period. During the summer period, more than 55,000 ac

of fallow sugarcane land is available for rice production. In

2018, approximately 25,000 ac of rice was planted in the
EAA (Bhadha et al. 2019). The net value of growing rice in
the EAA as a rotation crop far exceeds its monetary return.
In addition to rice being a food crop, production of flooded
rice provides several benefits to the agroecosystem. In the
EAA, flooding fields greatly reduces the negative impacts
from issues related to soil subsidence (Bhadha et al. 2020),
nutrient depletion, and insect pests (Cherry et al. 2015).
This, in turn, enhances the subsequent sugarcane crop

and maximizes the longevity of the soil by reducing soil
loss caused by oxidation. In addition, incorporating rice

as a rotation crop in the EAA during the summer months
provides local employment (Schueneman et al. 2008).

Studies have shown that soil loss due to oxidation is
directly related to the redox condition of the soil. Generally,
well-drained soils oxidize at a faster rate than those under
flooded or poorly drained conditions. Implementation of
Best Management Practices (BMPs) in the mid-1990s has
led to more water storage on EAA fields, which helps to
reduce organic matter decomposition and decrease soil
oxidation rate (Bhadha and Schroeder 2017). Another
commonly implemented BMP in the EAA is to rotate
sugarcane with rice and leafy winter vegetables. If sugarcane
after second ratoon is harvested in spring, chances are the
growers would consider directly cultivating rice afterward.
However, if sugarcane after second ratoon is harvested in
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early fall or winter, then growers may plant either sweetcorn
or lettuce until it is hot enough to plant rice (late spring-
early summer). Because rice in the EAA is typically grown
under flooded conditions, it is an optimal rotational crop
planted in late spring—early summer, which helps reduce
soil oxidation. Continuation of BMP implementation by
growers, development of flood-tolerant crops such as rice,
reduced tillage, and adoption of crop rotations have the
potential to minimize subsidence and increase the longevity
of the soil for agricultural use.

The objectives of this study were to evaluate soil health
response of flooded-fallow versus dry-fallow conditions

in the EAA compared to cultivating flooded rice (Figure

1). Six different farming practices were evaluated using

a set of soil health indicators. The six farming practices
covered the most common rotation programs in the region:
(1) sugarcane followed by ratoon rice (two successive rice
crops); (2) sugarcane followed by a single rice crop; (3)
sweetcorn followed by rice; (4) lettuce followed by rice; (5)
sugarcane followed by flooded fallow; and (6) sugarcane
followed by fallow (Figure 2). These farming practices are
typical to the EAA during the summer period. Soil health
indicators tested include (i) pH, (ii) bulk density (BD), (iii)
organic matter content (OM), (iv) maximum water-holding
capacity (MWHC), (v) cation exchange capacity (CEC),
and (vi) active carbon (AC) (Table 1).

Figure 1. Three common land management practices in the EAA
during summer: (i) dry-fallow; (ii) flooded-fallow; (iii) flooded-rice.
Credits: Jehangir H. Bhadha, UF/IFAS

Figure 2. Six farming practices in the summer. The red arrows indicate
when soil samples were collected.
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Response to Soil Health Indicators
under Flooded versus Dry-Fallow
Conditions

pH

The pH values for all soil samples were neutral to alkaline
and ranged from 7.08 to 8.06. The high pH values of the
soils are a result of years of mixing of underlying limestone
(calcium carbonate) bedrock with the top soil (Figure 3).
As these soils get shallower, the mineral fraction comprised
of Ca- and Mg-based minerals increases the soil pH.
Increase in soil pH is a major concern for growers in the
EAA because it can potentially lower the bioavailability of
P and micronutrients from the soils. Increase in soil pH
was observed both in flooded conditions and under fallow
practices.

Figure 3. Changes in soil pH pre and post six farming practices (mean
and standard deviation). Different lowercase letters correspond to
significant differences (p < 0.05).

Bulk Density

Bulk density of the soils ranged from 0.50 to 0.66 g cm™
(Figure 4). Significant decrease in soil BD was observed
between pre and post soil of the cane rice farming practice.
Decrease in BD observed between the pre and post soil
samples may be due to the increase in organic matter
content associated with the rice root density in the top soil
(Figure 3). Once rice gets harvested, the roots and a few
inches of the stalks remain in the soil and are tilled prior to
planting the subsequent crop. This lowering of soil BD is
preferred because it facilitates aeration, improves tilth, and
limits root constriction. The significant increase observed
in soil BD in the flooded fallow fields is due to compaction
of the soil and lack of root density associated with rice
cultivation.



Figure 4. Changes in soil bulk density (BD) pre and post six farming
practices (mean and standard deviation). Different lowercase letters
correspond to significant differences (p < 0.05).

Organic Matter

Organic matter content of the soils ranged from 72%-83%,
except for fallow treatments, which had 56%-57% OM
(Figure 5). Increasing soil OM is key to improving soil
health (Doran and Zeiss 2000). Soils with high OM and
aggregates can have higher water-holding capacity that

can be delivered to plants during dry spells (Bhadha et al.
2017). Water is increasingly becoming the most limited
natural resource supporting agriculture, but growers in the
EAA can improve their water-storage capacity by raising
their soil's OM content. Due to the inherent high (greater
than 60%) OM content of “muck” soils, small increases in
OM content do not have the same effect as in mineral soils
containing less than 2% OM.

Figure 5. Changes in soil organic matter (OM) content pre and post six
farming practices (mean and standard deviation). Different lowercase
letters correspond to significant differences (p < 0.05).

Maximum Water-Holding Capacity
There was a significant increase in soil MWHC of soils

that were flooded, including all four treatments of rice
cultivation and the flooded fallow fields (Figure 6). This

increase in MWHC is probably related to the increase in
finer-sized material in the form of silt and clay that gets
delivered to the flooded fields with the irrigation water.
Daroub et al. (2018) showed that at time of irrigation, the
finer high-organic-mass-fraction matter tends to be light
and flocculent, with high phosphorus mass fractions. It

has low bulk density and is readily transportable. The finer
material has greater surface area, allowing the soils to retain
a greater amount of water. Bhadha et al. (2017) were able

to demonstrate that by adopting farming methods that
increase soil OM, growers can increase the MWHC of their
soils.

Figure 6. Changes in soil maximum water-holding capacity (MWHC)
pre and post six farming practices (mean and standard deviation).
Different lowercase letters correspond to significant differences (p <
0.05).

According to the USDA-NRCS, the most conservative
estimates suggest that every 1% increase in soil OM will
help soils hold up to 20,000 gallons more water per acre.

Cation Exchange Capacity

Cation exchange capacity (CEC) significantly increased
between the pre and post soils for the cane ratoon rice,
cane rice, and lettuce rice farming practices (Figure 7).

The CEC of soils is primarily controlled by the carbon
content and clay-sized-particle fraction of soils. The
Histosols within the EAA inherently have a very high
carbon content (>70%) (Anderson et al. 1990), and hence
the CEC values are higher than 50 cmolc kg™. An increase
in soil CEC between the pre and post soils is considered a
positive change because it can potentially retain nonfoliar
fertilizer and pesticides longer in the soil matrix. Pal and
Vanjara (2001) were able to demonstrate that malathion
(insecticide) and butachlor (herbicide) had greater affinity
for soils composed of minerals like bentonite with higher
CEC and higher surface area compared to kaolinite. Also, as
the pH increases, so does the CEC of organic matter as well
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as some clay minerals. Because hydrogen (H+) on humus
is neutralized by liming, the site where it was attached
now has a negative charge and can hold Ca++, Mg++, K+,
etc. This could explain why cane ratoon rice, cane rice,
and lettuce rice increased in soil CEC between pre- and
post-sampling.

Figure 7. Changes in soil cation exchange capacity (CEC) pre and
post six farming practices (mean and standard deviation). Different
lowercase letters correspond to significant differences (p < 0.05).

Active Carbon

The amount of active C content in a soil is a measure of the
C that is susceptible to being mineralized to CO, under
ambient conditions over a short period of time. Active

C was one of the three most important indicators of soil
health that was positively correlated with crop yields;
Roper et al. (2017) showed that active C present in soils
was increased with reduced tillage and often with organic
amendments. Soil loss via oxidation is a concern in the
EAA, so an increase in active C is not necessarily perceived
as an ideal situation. When comparing flooded rice cultiva-
tion farming practices to fallow fields, almost 16 g kg of
active C was generated during summer when the fields
were left fallow, whereas no more than 8 g kg™ of active C
was generated under flooded practices (Figure 8). From a
soil sustainability point of view, this is beneficial because it
demonstrates that cultivating flooded rice during summer
in the EAA can lower the soil carbon oxidation rates.

Conclusions

The MWHC increased significantly under all “flooded” land
practices compared to dry-fallow fields; from a soil health
perspective this is advantageous, especially for water stor-
age during dry spells. This increase in MWHC is probably
related to the increase in finer-sized material in the form
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of silt and clay that that gets delivered to the flooded fields
with the irrigation water. The finer material has greater
surface area, allowing the soils to retain a greater amount of
water. More research is needed to verify these changes and
to define a mechanism that causes these changes. In terms
of soil loss, left fallow, soils within the EAA generate more
active C that is highly susceptible to oxidation during the
hot summer months in south Florida, compared to soils
that are either flooded or planted with rice. From a soil
sustainability point of view, this should encourage growers
to consider planting more acreage of rice during summer
months that will lower the rate of active C loss via oxidation
and ultimately improve quality and sustainability of the
soils in the region.

Figure 8. Changes in soil active carbon content pre and post six
farming practices (mean and standard deviation). Different lowercase
letters correspond to significant differences (p < 0.05).
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Table 1. Methods used to determine the indicators.

Indicator
pH
Bulk density (BD)
Organic matter content (OM)

Maximum water-holding capacity
(MWHC)

Cation exchange capacity (CEC)

Active carbon (AC)

Method
pH was determined using 1:2 soil/water extract using an Accumet AB250 pH meter.
BD was calculated measuring soil mass in the known core volume.
OM was determined based on loss on ignition (LOI) at 550°C.

MWHC was determined using the modified method described by Jenkinson and Powlson (1976),
measuring the amount of water retained in soil after saturation.

CEC was estimated using the ammonium acetate method (Sumner and Miller 1996), and
ammonium concentrations were analyzed with flow injection analysis on a Lachat analyzer
(QuikChem Method, Hach Company, Loveland, CO). The ammonium concentration in mg L' was
converted to its equivalent on cmolc kg™ soil.

Active carbon was determined based on potassium permanganate (KMnO4) oxidizable carbon
using 0.2 M KMnO4 for muck soils. Approximately 2 g of soil was reacted with 20 mL of 0.2 M
KMnO4 for two minutes, then filtered, and the supernatant solution was analyzed for remaining
concentration of KMnO4 using a Thermo Scientific Genesys 30 spectrophotometer at 550 nm.
Active carbon concentration was determined from the amount of KMnO4 oxidized.
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