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Seil Moisture and Shallow Water Table Monitoring
for Irvigation and Prainage Decision-Making

W Abtew, DL, Anderson, L., Lindstrom and A. Cadogan'

ABSTRACT

Fresh water quantity and quality is iereasingly more important in south Florida due w0 the rising
demands by the environment, apricuitural, indnstrial, and urban scetors. A soil moisture and water table
monitoring study was done in & 3.5 m diameter and 0.9 m deep polycthylene tank lysimeter used to
simulate an Everglades Agricultural Area muek soil (Histosols) with shallow water table. A soit
molsture sensor in the soil profile, a water level sensor for water table monitoring. and a data logger can
be combined with crop stress and meteorclogic forecasting 1o optimize irrigation and drainage decisions,
This paper presents over 600 days of soil moisture, soil temperature, water table, and mmeeorotopic data
(observedy and demonstrates applicability o irigation and drainage decision-making. Results show that
fgation requirements and drainage yuantities ean be minimized on shailow water table wripation and
drainage systems using automated soil moisture md water table momtoring devices.
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INTRODUCTION

Water control and management threughont south Florida have increased in importance due 1o
issues such as wetland and ccosystam restoration (Everglades) and conservation, arban water use,
sprncuhiural water use (’migminm‘dminugc)\ soil subsidence, salt water intrusion of aquifers, and water
quality (Windemuller etal., 1997). These issues stress the need for efficient water table nromtoring and
control. However, management of optimal water tables will be difficult in the shsenee of in-ficld
monitoring devices able to discem operational conditions. The intent of water table management is to
optimize irrigation and minimize drainage. Curzently, agricultural best mavagement practe
applied 1o this effect in the Bverglades Agricultural Area (EAA) of south Florida.

Hiph water tables on organic soils reduce the rates of subsidence, primarily by changing redox
conditions (Reddy, 1987y, reducing, soil temperatures (Shih and Gasche, 1979), and aliering
mictoorganism populations (Terry and Tate, 1680).  Water table depth. soii moisture, and soil
temperature can be monitored, and dircetly or indirectly ean be related to the factors atfecting organic
svils subsidence, An EAA soil subsidence modet was developed by Shib et af (1978 using water (able
depth, soil temperature, and carbon comtent.  From this moedel, it is apparent that water tuble depth
{drainage} is related to the rate of soil loss. The waler table control in the Lverglades maintained at 61
em has historically resulted in soil losses averaging 2.5 e per year (Allison, 1939; Clayton, 1943).

Precision ragation scheduling has been applied for sprinkler irigated potate in Oregon and the
increased efficiency has resulted in the reduction of nitrate leaching (Shock et al., 1996). Woodheud
{1996} reperted from New Zealand that a spatially-averaging soil moisture seosor (Lincoln Soil Moisture
Sensor’) can be used to awtonmaticatly trigger irigation. Smajstrla and Locascio (1996) reported success
in aotomating drip indgation of tomatees using tensiormeters with mapnetic switching near Gainesville,
Florida.
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The purpose of this study is to demonstrate how cantinuous soil moisture, soil temperature, and
water table moenttoring devices can be used for deciston-making in brigation and draimage scheduling..
The study was done at the Everglades Nutrient Removal constructed wetkand, o 1500 ha marsh designed
to remove P from agricwlfural drainage (Abtew et al, 1995) The soil used in the study was identified
as Okeechobee muck {euic, hyperthermic Hemic Medisaprists). The area had been in erigation and
drainage farming prior to being converted to wetlands,

MATERIALS and METHODS

A lysimeter system was designed and ermployed to measure evapotranspiration (ET) from
unsaturated, saturated and ponding water conditions in the Everglades Nutrient Removal constrocted
wetland in south Florida (Abtew, 1996). The lysimeter system was designed o sitnulate a wetland
which pogs through cyeles of ponding (saturated and unsaturated states). The water balance lysimelter
has 9.8 m* surface area and 9 9 m depth. The unsaturated moisture content was measured indirectly
with a combined electnical soil moisture and wemperature sensor {AQUASTEL, Model 29471, Automala
Inc,, Grass Valley, CA). The 74 cm long sensors measure the diclectric constant of the soil. The
dieleetric constant was dircetly related 1o 201l water content. The sensor averages maoisture confent of
the soi} and sotl temperature through the soil profile. The change inowater content of the saturated zone
can be computed from the change in water level in the saturated zone and the soil water holding
capacity. The water level in the soil and the ponding on the soil was monitored with redundant water
level gauges, a pressure transducer and an S float mechanisin (Abtew, 19906}

Two soil moisture and temperature sensors (AQUA-TEL-294T, 74 ¢m long seasor with § m
cable) were placed at different depths of the unsaterated soil profile to inteprate unsaturated moisture
volume in the soil, Gne moisture and temperature sensor s placed at an angle across the tank covening
30 em of the upper sotl depth (shallow}. The sccond <o sor is placed across the tank covering 60 om
of soil depth trom the serface. The shallow sensor averag s soil moisture content and termperatore along
the upper section of the seil. The deep sensor averages sotf moisture and temperature along the whole
soil profile, The two sets of data provide information on the state of soil moisture and 1emperature at
the upper and the [ower sections of the soil profile. This errangement was selected for casy withdrawal
of the soil moisture sensors for maintenance purposes w hout disturbing the soil.

Additioral temperature sensors {Seawal Electronaes ULTTS1I1 thermistor) were placed at 2,54,
30, and 58 em from the surface of the soil to measure point soil teoperature at different levels of the
soil profile.  The temperature sensors that are a part of the soil moisture senser give average lemperature
readings through the length of the sensor. By having multiple sensors, the temperalure sensers were
checked agamnst each other and a compartson was made between point soil temperatuie measurement
and profije averaged soil teraperature. All the sensors were connected 10 a CR10 data fogper and & radio
transmitter powered by a 12 volt battery recharged with & 5.2 watt selar pancl. The power source for
the pumps was a 12 volt marine battery (80 ampere hour mating) reclarged with an 18 watt solar pancl.
Rainfall was measured with a tipping, bucket rain gauge at the stte. Wind speed was measured at 4 m

height from the im of the tank.

The tank was filled with sand and gravel 13 e from the bottom. The gravel and sand covered
the drainage and inlisnw pipe network to reduce clogging of the filter cloth. Disturbued soil from the site
was filled over the gravel and sand to a total depth of 73 ¢ from the bottom. The tank was Tally
saturated and left for te soil to resettle and later some more seil was added 10 bring the soif surfuce back
to the desired level.

A pump-in and pump-out test was run to evalupt. the sterage capacity of the soil under falling
and nising water table conditions (Figure 1). The sotl moisture sensor oulpud range was 0o | mA. The
output was changed to mV (0 1o 2500} using a 2.5 kohm shunting resistor. Since muck soil is not given
in the calibration curves of the moisture sensors, it was essential that sensor output versus percent
moisture calibration curve for the soil in the bysimeter be developed. Seven soil samples were taken to
the lab for gravimelric soil moist ‘te content analysis for the purpose of developing a calibration curve.

Due to compaction during sampling, it was not possible to determine the correct In site volume of the
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soil sample. Soil maisture outpot (mV) is & relative reading of soil maisture content (%% viv or wiw)
following a non-linear relationship which is highly site speciiic.

RESULTS AND DISCUSSION

The Lysimeter was operated from January 25, 1995 to Scptember 26, 1996, The pump-n ‘:-md
pump-out test was developed on February 28, 1995 (l‘“ip,l.l{(: ]),ﬂ Waler ll:\"ci frem lhc botom of the
fysineter and soil moisture signal was recorded every 15 min. l_’lgun: 2 dcplc(f'*. the daily average wa.lcr
sable, soil moisture signal (0 to 60 cny profiled, and daily tainfall. No pumping was condu-ctc‘d after
February 28, 1995, therefore, all the water table and soil moisture ﬂuu‘um.mns are due to rainfall and
evapolranspiration. The data in Figure 2 provides an objective statss of soil mostere and water la.hlc..
Based on a farm aperator knowledge of the crop's allowable stress (dry or wgl) and short term
meteoralogic forccasts, aptimum pumping decisions can be made o rrigate or draim.
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Soil meistare and storage characteristics studies « fa Everglades peaty muck of 90 em showed
that percent water content (viv) can be ag high as 80% to 97 % at difTerent s0il Jayers { Weaver and Speir,
1960). The cumulative gain of waler in a rising water lable under saturated conditions was 10.5 ¢m and
the draimable amount was 7.8 em: for a 60 ¢m soil profile (Figure 1), The fraction of soil volume drained
was 0.13, comparable o .14 reporied by Weaver and speir (1960). Gravimetrie analysis of two
saturated soil samples from the site preduced an average of 451% maisture (wiw). T a study done in
sugarcane fam in the Everglades Agricultutal Ares, Andreis (19706} reported a 412%, moisture content
{wiw) for o soil profile 15 ¢m to 45 cmin depth when the water lable was at 44 em. These organic soils
have a large capacity o store water, The cumutative distribution of daily rainfall, estimated potential
evapotranspiration (Abtew, 1996), and water table fluctuation are shown in Fig. 3, BPruring the study
period, ali excess water (rainfall > ET) was stored in the soil profile, and soif water stored was reduced
when IIT exceeded minfall (Fig. 2). The water table never reached the surface until the last days of the
study period (Fig. 3).
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Figare 3. Cumulative Et, rainfall, and water level fluctuation across the study period.

Soil temperature is an indicator of biological activity. Microbial reaction rates are optimal
between 25 and 35 C, and most biological activity occurs between 7 and 48 C (Paul and Clask, 1989
Since some soil maisture sensors have soit temperature readings, the data can be used 1o manage soil
and water. Figure 4 shows average monthly soil teraperature fromt the five sensors and air lempegature
measured at 2 m height. Generally all the three point soil terperature measurements (2.54, 30 and 54
cm depths) difter from average atr, upper (0 to 30 ¢ soil profile, and whole {0 10 60 cm) soil profile
average temperatwres. The eumulative sum of degree-days (B0 x days) was lawest for the upper sail
profile (0 to 30 e profile} averaged temperature followed by whole soil profile (G to 60 e profile), air
temperature, 54 cm depth, 2.54 ¢cm depth, and 30 em depth point temperature readings. Based on 611
days of observation, the following relationships were developed to estimate average daily soil
temperature (1) trom air temperature (T,,,) and day-of-the-yeay (day). All soil temperatures can be
reasonably estimated from the daily mean air temperature and the day-ol-the-year (eguations -5). From
these relationships, application of soil temperature and water table information can be quickly applied
to subsidence algorithms (Shih et al., 1978).
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Figore 4. Average monthly air and soil temperatwre fluctuations over the study period.

SUMMARY

Continueus observations of soil moisture and water table can be used o implCﬂ.uzm precision
irrigation and drainage. Dual observations of soil motsture content gnd water level provides objcu'u-\zlc
water status for the farm operator. Short period of local meteorologic forceast, knowlcd_gf: of the area
and crop characteristics will form the basis of optimum soil and water managenment decision-making.
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