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Abstract

Tests were conducted to determine the effects of installation methods (Slurry versus Direct) on accuracy of
capacitance moisture probes for soil moisture monitoring in Coastal Plains’ soils. A further aim of the trial was to
determine the water use efficiency of four cotton cultivars (DP 147 RF; DP 555 BG/RR; DP 0924 B2RF; and DP
0935 B2RF) under six irrigation regimes (0, 40, 60, 80, 100, and 120% of the full cotton water requirements) on
three soil types. The feasibility of utilizing plant NDVI (Normalized Difference Vegetation Index) for irrigation
scheduling in cotton production was also investigated. The results showed that, if installed and calibrated properly,
multi-sensor capacitance probes can be used to accurately measure volumetric soil water contents. These sensors can
be used for real-time site-specific irrigation scheduling. The “Slurry” installation method over estimated volumetric
soil water contents in the sandy Coastal Plains’ soils at the experiment site. There were strong correlations between
seasonal irrigation depths and the seed cotton yields. There were significant differences in water use efficiency
among the four cotton varieties, being highest for the DP 0924 B2RF cultivar. There were good correlations between
in-season estimated yield (INSEY) (as measured by plant NDVI) and volumetric soil water contents.

Introduction

Competition for limited water resources is one of the most critical issues being faced by irrigated agriculture in the
United States. The recent drought periods (1998 to 2002 & 2007) and legal conflicts between states (GA, AL, FL,
and SC) combined with significant field soil variability in the Southern U.S. have prompted a renewed interest in
site-specific and automated irrigation systems. Site-specific or variable-rate irrigation (VRI) technology is a
relatively new concept in agriculture which applies irrigation water to match the needs of individual management
zones within a field. During 2005 and 2006, 42 units of VRI system were installed on growers' center pivots in
Georgia and South Carolina (Milton & Perry, 2006). Real-time, accurate, and continuous soil moisture
measurements at specific depths are essential for success of VRI and automated irrigation systems.

Multi-sensor capacitance probes have been used to accurately measure volumetric soil water contents in a soil water
monitoring system (Paltineanu and Starr, 1997). However, Evett and Steiner (1995) reported that the capacitance
probe was unacceptable for water content measurements with fine sandy loam soils. Soils in the Coastal Plains
region usually have a structure that exhibits three distinct layers: A horizon (sandy to loamy sand), E horizon or
hardpan layer (yellowish brown sandy to sandy clay), and Bt horizon (sandy clay loam). Currently there is no
published data on the performance of capacitance probes in multi-layer soils of the Coastal Plains region.

Increasing water use efficiency (WUE) and drought tolerance in cotton is highly valuable to U.S. and world
agriculture. Screening cotton varieties for water use efficiency would help growers to maintain or increase crop
production with less water. Many factors affect WUE at the field scale. It may vary both spatially and temporarily,
and is influenced by soil conditions, irrigation water management, agricultural practices, and atmospheric factors. In
the southeast, the screening methods for WUE should be site-specific.

Objectives
The objectives of this project were to: a) determine the effects of installation methods (Slurry versus Direct) on

accuracy of capacitance moisture probes for soil moisture monitoring in Coastal Plains’ soils; b) quantify the water
use efficiency of four cotton cultivars under six irrigation regimes on three soil types; and c) evaluate the feasibility
of utilizing plant NDVI (Normalized Difference Vegetation Index) for irrigation scheduling in cotton production.
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Materials and Methods

Objective 1: Tests were conducted to determine the accuracy of the capacitance moisture probes in Coastal Plains’
soils. Two installation techniques -- “Slurry” and “Direct” were compared side-by-side in a typical Coastal Plains
soil (Verina sandy loam soil). Four EnviroSCAN multisensor capacitance probes (Sentek Sensor Technologies,
South Australia) were used in this study and volumetric water content measurements from these probes were
compared with Neutron probe measurements. The sensor depths chosen were: 4, 8, 12, 16, 20, and 24 inches. For
the Direct installation method, a PVC access pipe was installed by inserting it through the guide block (Fig. 1 left)
into the soil using the dry drilling technique explained in Paltineanu and Starr (1997). For the Slurry installation
method, a hole was drilled using a specially designed auger. The diameter of the hole was about 0.25 inches bigger
than the probe’s OD. The slurry (made out of the excavated sandy clay loam soil) was poured into the hole and the
probe was installed into the slurry to seal the gap between the probe and the surrounding soil (Fig. 1 right). Three
months after installation, the accuracy of each sensor in measuring the volumetric moisture content of the soil was
determined using standard gravimetric techniques. Three undisturbed soil cores, center at each of the six sensors
depths, were collected in brass rings about 0.5 inches from the wall of the PVC access pipe. The data were also
compared with Neutron probe measurements.

Figure 1: roe installaon techniqes: Direct (lft) nd Slurry (ri)

Objective 2: Tests were conducted in a 4-acre section of a field near Blackville, SC. A commercially available soil
electrical conductivity (EC) measurement system (Veris Technologies 3100) was used to map variations in soil
texture across the field. The test field was then divided into three management zones based on soil EC data and each
zone was divided into 60 ft by 8-row plots (Fig. 2).

Figure 2: The test field with zone and plot arrangements
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The following treatments were replicated three times using a Randomized Complete Block design arrangement:

e  Four cotton varieties: DP 147 RF; DP 555 BG/RR; DP 0924 B2RF; and DP 0935 B2RF.
e  Six irrigation rates: 0, 40, 60, 80, 100, and 120% of full crop water requirements.

Cotton varieties were planted on May 19™ 2008, and carried to yield using recommended practices for seeding,
insect, and weed control. The required irrigation rates were calculated based the capacitance probes data. For every
cotton variety in each zone, there was at least one multi-sensor capacitance probe installed in the plots of 100%
irrigation-rate treatment. The irrigation rates for the rest of the plots were calculated based on the percent of required
irrigation for the particular variety and management zone. At the beginning of the tests (during May and June), all
plots were irrigated five times (for a total of 2.5 inches) to keep the cotton crop alive. The Clemson variable-rate
LEPA system was used to apply irrigation water to the tests plots during the growing season. The total rainfall
during growing season was 19 inches. Cotton was harvested on October 28" 2008, using a spindle picker equipped
with an Agleader yield monitor and a GPS unit to map changes in lint yield within and among treatments.

Objective 3: Our work in 2006 and 2007 showed that cotton yield, N & PGR requirements were strongly correlated
to plant NDVI (Normalized Difference Vegetation Index; Khalilian et al., 2007 and 2008). Therefore, we
investigated the feasibility of utilizing plant NDVI for irrigation scheduling in cotton production. Plant NDVI
readings were taken from test plots four times during the growing season using a 6-row sprayer-mounted
GreenSeeker® RT-200 mapping system (NTech Industries, Inc. Ukiah, CA). In-season estimated yield (INSEY)
was calculated by dividing NDVI measurements by the number of days from emergence to sensing. Linear and non-
linear regression models were used to determine the relationships present between soil volumetric moisture content
and NDVI using Procedures in SAS.

Results and Discussion

Figure 3 shows the effects of installation method on performance of the Sentek capacitance probe. For the Direct
installation method, there was a good correlation between gravimetric soil moisture contents and the capacitance
probe measurements. The depth of the E-horizon in the test area was about 12 inches, and due to higher bulk
density, this compacted layer had slightly lower moisture content than the A- and Bt-horizons. For the neutron
probe, data are normalized by expressing the results as the ratio of the count in soil to the standard count. The zone
in the soil surrounding the probe center of sensitivity “the sphere of the influence” is larger for neutron probe than
the capacitance probe (Bell et al., 1987). Therefore, the neutron probe generated a smother curve than capacitance
probe or the gravimetric method. The Slurry installation method over estimated volumetric soil water contents in
sandy soils of the A-horizon due to difference in texture of the slurry material and the surrounding soil.
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Figure 3: Effects of installation methods on performance of the
capacitance probe
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Figure 4 shows the correlation between the total water applied (irrigation plus rain) and the seed cotton yield for the
DP 147 variety. There were strong correlations between the seasonal applied water (irrigation and rain) and the seed
cotton yields. The yield values increased as the irrigation depth increased. Different varieties showed different
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Figure 4: Correlation of irrigation water and seed cotton
yield for the DP 147 RF cotton variety.

responses to the amount of water applied during the 2008 growing season (Fig. 5). For example for the DP 0924
B2REF, the seed cotton yields decreased when the total applied water exceeded 23 inches.
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Figure 5: Correlation of irrigation water and seed cotton
yield for all four varieties.

There were significant differences in seed cotton yields among the four cotton varieties (Table 1). The two new
Bollgard-II varieties: DP-0924 and DP- 0935 had the highest yields. Water use efficiency was calculated by dividing
the cotton yield from a unit area in lbs/acre by the unit amount of water consumed. WUE is the most important
index for estimating the efficiency of water use of a cropping system. There were significant differences in water use
efficiency among the four cotton varieties with the DP 0924 B2RF having the highest WUE value of 124 1bs/in.

Table 1: Seed cotton yields, water use efficiency, and total water applied (rain+ irrigation) for all varieties.

Cotton Variety Seed Cotton Yields WUE Average Total
(Ibs/acre) (Ibs/in) Water Applied
(in)
DP 0924 B2RF 2865 a* 124 a 23.6a
DP 0935 B2RF 2685Db 114 b 235a
DP 555 BG/RR 2480 c 107 ¢ 232 a
DP 147 RF 2218 d 94d 232 a

* Means followed by the same letter are not significantly different based on LSD.

The feasibility of utilizing plant NDVI for irrigation scheduling in cotton production was investigated. Figure 6
shows the correlations between plant in season estimated yield (INSEY) and soil volumetric moisture contents.
There were good correlations between INSEY (as measured by plant NDVI) and the soil moisture contents.
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However, the results were affected by cotton varieties. This test needs to be repeated under different soil types,
irrigation regimes, and cotton cultivars before any conclusion could be reached.
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Figure 6: Correlation of plant NDVI and soil volumetric moisture contents

Summary

The results showed that, if installed and calibrated properly, multi-sensor capacitance probes can be used to
accurately measure volumetric soil water contents. Our results favor the Direct installation method. These sensors
can be used for real-time site-specific irrigation scheduling. The Slurry installation method over estimated
volumetric soil water contents in sandy soils of the Coastal Plains. There were strong correlations between irrigation
depths applied and the seed cotton yields. There were significant differences in water use efficiency among the four
cotton varieties with the DP 0924 B2RF having the highest WUE. There were good correlations between INSEY (as
measured by plant NDVI) and volumetric soil water contents.

Acknowledgements

The authors acknowledge the funding support of the South Carolina Cotton Board, Cotton Inc., and Monsanto
Company.

Disclaimer

Mention of a trade name does not imply endorsement of the product by Clemson University to the exclusion of
others that might be available.

References

Bell, J.P, T.J. Dean and M.G. Hodnett. 1987. Soil moisture measurement by an improved capacitance technique,
Part II. Journal of Hydrology, 93:79-90.

Evett, R.S. and J.L. Steiner. 1995. Precision of neutron scattering and capacitace type soil water content gauges from
field calibration. Soil Science Society of America Journal, 61: 1576-1585.

Khalilian, A., W.G. Henderson. 2007. " Site-Specific Application of Plant Growth Regulators in Cotton
Production”. National Cotton Council of America, Memphis, TN. http://www.cotton.org/beltwide/proceeding.

Khalilian, A., Will Henderson, Young Han, Pawel Wiatrak. 2008. Improving Nitrogen Use Efficiency in Cotton
through Optical Sensing. National Cotton Council of America, Memphis, TN.
http://www.cotton.org/beltwide/proceeding.

Paltineanu, I.C. and J.L.Starr, 1997. Real-time water dynamics using multisensor capacitace probes: Laboratory
calibration. Soil Science Society of America Journal, 61: 1576-1585.

387




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue true
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (These are the default settings Omnipress uses to convert PDFs for optimal use in print and electronic media.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


