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Presenter
Presentation Notes
Updated presentation with added explanatory notes. Original presentation first given at National Soil Science Society of America Conference in 2004.  Observations were made during  field studies as part of USDA-NRCS official duties during 1989-2006.  Additional comments are my own, and do not necessarily reflect or represent official USDA-NRCS policies. 



COOPERATING AGENCIES & UNIVERSITIES 
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          Galveston District, TX 
 

• U.S. ARMY CORPS OF ENGINEERS, 
          ERDC, Vicksburg, MS  
 

• U.S. FISH AND WILDLIFE SERVICE, TX 
 

• TEXAS PARKS AND WILDLIFE DEPARTMENT 
 





TEXAS GULF COAST PRAIRIE WET SOIL STUDIES 
 

1989 - 2004   
• Climate  

   Precipitation and Temperature 
   USDA National and State level. 1980 to 2004 

 
• Eighth International Soil Correlation Meeting, 1990 

   International Committee on Aquic Soils (ICOMAQ)  
   Victoria County, Texas. 1989 to 1996 
 

• Interagency Bottomland Hardwood Vertisol Study  
   Brazoria County, Texas. 1996 to 2002 
  

• Other Field Observations  
   Galveston Island Study, Baylor University. 
          1994 to1998. Storm High Tide, October, 1996 
   Victoria, Texas City Park  
           Guadalupe River Flood, July, 2002 

Presenter
Presentation Notes
All monitoring sites, field equipment, ponding, seasonal water tables and measurement of soil reducing conditions in Texas Gulf Coast Prairie studies were to ICOMAQ standards existing at the time.



TEXAS GULF COAST PRAIRIE WET SOIL STUDIES 
CLIMATE 

 
• Normal precipitation  ~100 to 133 cm/year 

 
• Normal years average 4 to 5 normal precipitation 

months each year 
 

• Normal years average 3 to 4 above normal 
precipitation months each year 
 

• Episaturation and ponding during normal years 
occur in months of October to May 

Presenter
Presentation Notes
Based on previous 30 years precipitation data, about every 4 to 5 years an above normal precipitation year occurs with periods of at least several continuous weeks of above normal precipitation.  During normal precipitation years periodically there are several continuous days/weeks of above normal precipitation.  During these prolonged above normal wet periods, as an observed generalization  in the field, most soils in nonponded upland landscapes between Houston and Corpus Christi will develop brief periods of perched water tables and reducing conditions.



TEXAS GULF COAST PRAIRIE WET SOIL STUDIES 
CLIMATE 

USDA Texas Hyperthermic – Thermic Temperature 
Studies 

• Victoria and Jackson Counties, 1980-1987  
 

• Mollisols and Alfisols in native prairies  
 

• Average coldest temperature in January was  
11 to 12 Degrees C. 

 



TEXAS GULF COAST PRAIRIE WET SOIL STUDIES 
CLIMATE 

 USDA National Hyperthermic – Thermic Temperature 
Studies 

 

• Brazoria County, 2002 - 2004 
 

• Ponded and Nonponded Vertisols in Bottomland 
Hardwoods  
 

• Average coldest temperature in January was  
14 Degrees C. 

 
 
 



Presenter
Presentation Notes
As a generalization, this diagram shows that formation of ferrous iron in actual field soil conditions is not at one finite Eh-pH point, but rather can be over a relatively broad range of Eh values at a given pH depending on concentrations and forms of iron oxides.  Texas Gulf Coast Prairie soils investigated in our studies tended to show evidence of ferrous iron (dipyridyl dye test) in the higher Eh ranges (Pt electrodes) shown in this diagram (unpublished field observations, three different studies referenced in this presentation, W.L. Miller). In my opinion, this is a valid diagram to help understand what we were observing in the field by comparing Eh values (Pt electrodes and Eh value projected for presence of ferrous iron) to presence of ferrous iron measured by dipyridyl dye positive reaction.



    Victoria County, Texas,  ICOMAQ Study Site, 
 January, 1992 – 14 cm rain in 2 days 
 Ponded Depression  –  Cieno soils - pH 5.0; 0.6% OC 

      Nonponded Flat  –         Nada soils – pH 5.0; 0.5% OC  
 
 
 

Presenter
Presentation Notes
Above normal precipitation event.  Nada soils (foreground and low ridge in background) typically not ponded.  Light blue water - non-vegetated area Cieno soils (fine-loamy Typic Vermaqualfs) in ponded depression.  Ponded depression average ponding depth about 10 cm near outer edge to about 50 cm near middle and deepest part.  Cieno soils pond several continuous months or more each normal precipitation (hydroperiod) year. ICOMAQ monitoring site fenced area with white PVC pipe piezometers.



     Nada fine sandy loam 
fine-loamy, Albaquic Hapludalfs 

Presenter
Presentation Notes
Nada soils, flat areas and very low relief ridges/mounds surrounding ponded depressions.  During normal precipitation years and hydroperiods (dry-wet-dry cycle, September of one year to August of following year) Nada soils have brief periods of episaturation and reducing conditions in the upper part.  These events (one or two each year) occur predominantly during above normal precipitation months for periods mainly less than continuous 2 weeks, with one or two events of 2 to 4 continuous weeks (measured during 3 normal hydroperiod years).



     Victoria County ICOMAQ Study  
 April 1992, 4 days after 14 cm rain 

      Nada fine sandy loam  
 Positive reaction to dipyridyl 
 

Presenter
Presentation Notes
Nada soils in flat around ponded depression Cieno soil.  Only becomes saturated/reduced after large precipitation events. Nada soil udic moisture regime and non-hydric soil.  Note most intense reaction to dipyridyl dye (ferrous iron) is at surface and near/along roots where most viable organic matter present.  From dry conditions, reduced conditions observed after about 7 days from start of a precipitation event and episaturation.  During above normal wet periods and several previous cycles of reducing conditions, reducing conditions observed 1 to 4 days after start of a precipitation event.



     
    Victoria County ICOMAQ Study 

April 1992 
    Nada fine sandy loam  

4 continuous weeks reduced 
   conditions  

     Oxidized rhizospheres with 
  sharp and clear boundaries  
 

   Scale 1 cm 

Presenter
Presentation Notes
During three different prolonged, above normal precipitation events (during above normal precipitation years), and 4 to 6 weeks continuous saturated and strongly reducing conditions  (100% very positive dipyridyl dye reaction in soil matrix), the A horizon fsl matrix color changed from 10YR 4/2 to 10YR 4/1.  As soil dried soil matrix color changed back to 10YR 4/2.  During same periods, oxidized rhizospheres and pore linings observed in A horizon within about 4 weeks. Redox features as iron accumulations (less than 1%, measured), formed during drying process around living roots (whitish and turgid) and pores. 



     
           April 1992 

      Nada fine sandy loam 
      4 to 6 weeks reduced conditions 
      Positive dipyridyl reaction in  reduced 
          matrix (10YR 4/1)  
 

Presenter
Presentation Notes
Same Nada soil landscape and time period.  Soil drying/oxidizing from surface downward.  Very positive reaction to dipyridyl dye in areas where soil matrix color was still 10YR 4/1.  



SOIL CHARACTERIZATION AND  

HYDROLOGICAL MONITORING PROJECT, 

BRAZORIA COUNTY BOTTOMLAND HARDWOOD   

VERTISOLS 

Federal, University, and Texas State Interagency Study 
 
        Develop procedures to identify and develop reliable soil field  
         
        indicators  for delineating  wetlands in forested bottomlands in  
 
        the lower Brazos and San Bernard River basins in Brazoria, 
 
        Fort Bend, Wharton, and Matagorda counties. 
          
 
 
 
 

Presenter
Presentation Notes
Interagency study initiated due to lack of easily identifiable soil redox features in some wetland areas of  ponded Vertisols



BOTTOMAND HARDWOOD VERTISOL SITES  
 
 

NONPONDED SITES - SITES 1, 2, & 5  
 
•  Vertisols with distinct gilgai. 
 

•  Microlows that pond make up about 10% surface. 
 
•  Elevation difference between microhighs and  
   microlows, 13 cm (range 6 to 20 cm)  
 

•  Microlows 2 to 3 meters long by 0.5 to 1 meter  
    wide. 
 
•  Less than 1% easily identifiable redox features in  
    microlows. 
 

Presenter
Presentation Notes
Pledger soils



Site 1 Nonponded,  
 Pledger clay 
 Very-fine Typic Hapludert 



Site 1 Nonponded,  
Pledger clay with distinct gilgai  
Very-fine Typic Hapludert 
August, 1998 

Presenter
Presentation Notes
Pledger clay soil profile showing gilgai surface features of microhigh, microslope, and microlow.  Subsurface features are bowl (under microlow, black noncalcareous clay in vicinity of 2 m black tape), intermediate (under microslope, brownish calcareous clay to left and right of tape near chimneys at about 40 to 70 cm) and chimney (under microhigh, narrow bands of distinct reddish, calcareous clay with carbonate concretions extending upward toward microhigh from reddish clays at about 100 cm deep).



BOTTOMAND HARDWOOD VERTISOL SITES   
 
 

 PONDED SITES - Site 3 Ponded Middle &  
                               3 Ponded Edge. 
 

•   Abandoned channel   
    about 30 cm deep, 75 m wide and 380 m long. 
 

•   Vertisols without distinct gilgai 
 
•  Easily identifiable redox features in middle and  
    outer edge of ponding. 
 



     Ponded Sites - Site 3 Ponded Middle & 3 Ponded Edge 
   Churnabog clay 
   Very-fine Typic Epiaquert  

Presenter
Presentation Notes
Site 3 ponded middle average ponding depth was 21 cm and ranged from 3 to 35 cm with a maximum of 100 cm during a tropical storm event.  Cumulative ponding was 67% during the length of the study with ponding durations mainly for 22-continuous –weeks and longer.  Easily identifiable redox features as oxidized rhizospheres, pore linings and ped coasts with predominately sharp to clear boundaries at both the middle of the abandoned channel and outer edge of ponding.  Very distinct change in presence/absence of redox features at edge of ponding line.



Ponded Sites - Sites 3 Ponded Middle & 3 Ponded Edge 
Churnabog clay 
Very-fine Typic Epiaquert  

Presenter
Presentation Notes
Gilgai relief was very subtle in ponded area.  Was difficult to determine if small microhighs were due to Vertisol shrink-swell properties, or mounds due to tree growth.  Almost all small microhighs were associate with a large tree.  Several tree throws occurred in this ponded area during the length of the study.  Exposed soil in the uprooted tree roots almost always had reddish calcareous chimney soil material as shown in soil profile photographs.  The tree throw was discussed at this pit location as a possible cause for the mixed black and reddish clays starting at about 40 cm and absence of well defined subsurface features found in the nonponded areas with gilgai.



Site 3 AADP Reaction 

    Site 3 Ponded 
March, 2002 

     8 to 22 cm depth 
Ponded 7 months 
 
 

Presenter
Presentation Notes
Site was ponded 7 continuous months. Soil depth shown 8 to 22 cm. Bucket auger soil sample very carefully split in half to avoid contamination.  Note apparent non-saturated condition (right half with redox) and positive dipyridyl reaction (left half) of samples, especially at 14 to 19 cm.  This was observed many times at this site during the study.  After 4 major precipitation storm events (at least 10 to 15 cm over several days) during previous dry conditions,  Eh reducing conditions at ponded sites measured to depths of 50 cm within 3 to 8 days from start of storm events.  Soil reduced based on positive dipyridyl reaction in upper 10 cm within about same period as Eh readings.  There was a time lag of  5 to 8 weeks before a positive dipyridyl reaction was observed at 50 cm.  This time lag trend between start of ponding event and Eh measured reducing conditions and dipyridyl dye positive reaction at 50 cm was observed several times at ponded sites.



Site 3 AADP Reaction  
Site 3, Edge of Ponding 

 September, 2002 
 50 cm precip. in 4 days 
 Observations on 5th day 
 Dipyridyl Reaction  

Presenter
Presentation Notes
Soil landscapes previously very dry.  Very positive dipyridyl dye reaction at Site 3 ponded edge in upper 2-5 cm of soil where runoff water was still running into Site 3 ponded.  Soil reduced within at least 5 days from start of storm event, and was reduced under fresh flowing runoff water from precipitation event.  Soil moderately acid. 



Site 3 AADP Reaction 
  
    September, 2002  

Site 3 Ponded Edge 
50 cm precip. in 4 days 
Observations on 5th day 
 

•  0.5  cm deep ponded water 
 Dipyridyl dye positive reaction in water mixed 
  with upper 1 to 3 cm submerged clay. 

•    

Presenter
Presentation Notes
Clear water from this event at ponded edge did not have a dipyridyl dye positive reaction.  Clayey surface soil mixed with the clear water had an immediate very positive reaction with dipyridyl dye.  This observation was repeated many times during this study.  Similar observations were made in Victoria County, ICOMAQ Study ponded Cieno soil.  Based on these numerous observations at two very different monitoring sites, the concept of oxygenated water preventing reducing conditions, at least in episaturated/ponded conditions, should be carefully reconsidered and possibly abandoned unless actually measured and documented at other long term study sites in different soil landscapes.



BOTTOMAND HARDWOOD VERTISOL SITES 
  
PONDED SITES - Site 4 
 
•   Large shallow depression 
    about 15 cm deep, 150 m wide and 240 m long. 
 
•   Vertisols without distinct gilgai. 
 

•   Very few to no easily identifiable redox features. 
 
 



Presenter
Presentation Notes
Site 4 ponded is an example of problematic hydric Vertisol.  During the soil characterization study, a 10 m long trench/pit was dug.  In about the middle of the trench and the pit face, only one area of exposed soil about 1 to 2 m wide had visible redox features and they were less than 1% (marked by red flags in next photo of discussion at Site 4 ponded).  During a 30 profile description transect (150 m long, 15 profiles in ponded area, 15 in nonponded areas), either no or less than 1% redox features were observed in the ponded areas.  In May, 2000, members of the USDA National Technical Committee on Hydric Soils visited the site, dug several 50 cm deep pits in the vicinity of the monitoring site and soil characterization pit.    Either no redox features were observed or less than 1% were observed.  The soil scientists on the committee concluded the soil did not meet a hydric soil indicator.  There are several possibilities for the lack of redox features at this site, but the most likely is near neutral soil reaction (see referenced report for discussion).  Also, blackish accumulations were observed on the PVC pipes at about the average depths of ponding after one event of 2-continuous-months ponding and two events of 5-continuous-months ponding (over a 2 year period).  Analysis of scrapings of the blackish coatings (Texas A&M University) indicated composition was predominately organic matter and clay sized particles, and not Mn. 



Site 4 Ponded, Pit discussion 

Presenter
Presentation Notes
Site 4 ponded pit discussion.  Note two red flags at middle right of photo that marked only area along entire 10 m long pit face where 1-2%  redox features were observed in a slight depression.  Soil profile with redox features in upper part about 1-2 m wide and area verified independently by Dr. Wilding (standing in pit with red shirt) and Dr. Sprecher (standing in pit to right of Dr. Wilding).  About 15 people from federal, state and university staff participated in the soil characterization study to help sample 13 profiles in a 5 day period in August, 1998. 



 

  Site 1 Ponded, Soil Laboratory Jar Sample,  
    Saturated - Reduced 4 continuous months 
    Field site has very few easily ID redox features 
    OM  6%; pH 6.9  
    Cumulative ponding 15%, mainly less than 2 weeks duration, a few 4 weeks duration 

 

Bottomland Hardwoods 
Churnabog clay 
Typic Epiaquert 

Presenter
Presentation Notes
This lab experiment was conducted to see if duration of reducing conditions was relevant to development of visible soil redox features.  Three quart jars were filled with clay from the upper 30 cm of Site 1 ponded.  There were no redox features in the original soil samples.  The outside of the jars were covered with aluminum foil, distilled water was added to saturate the clay, and water level kept about 1 to 2 cm above the clay surface.  A loose lid was placed over the top of the jars and water added as needed during the 4 months.  Jars were stored in a climate controlled room.  After 4 months the lids were removed and soil samples allowed to slowly dry.  Redox features shown in the photo along pore spaces formed during this experiment as the soil dried from the top down.  Note that redox features are more abundant toward the bottom of the jar (clay sample last to dry).  All newly formed redox features had sharp to clear boundaries.   Results of the experiment indicates that duration of soil reducing conditions may affect whether or not redox features form during the drying/oxidizing cycle.  Possible explanation that in some soils that saturate, pond and reduce, but do not have easily identifiable redox features, longer continuous reducing condition durations are needed before adequate amounts of ferrous iron go into solution to form visible redox features when the soil dries.  Just an idea to be tested by others.  I’m retired. 



Galveston Island Landscape 

     Galveston Island,  
  Baylor University (TAMU) Study,  
    1994 – 1998 
  Galveston fs, Typic Udipsamment  
  Mustang fs, Typic Psammaquent  

      

Presenter
Presentation Notes
USDA-NRCS actively helped select sites and install monitoring equipment and helped with the field observations and soil characterization study (ICOMAQ study standards) (referenced Baylor thesis).  Nine sites were selected, ranging from about the highest part of the island at this location to areas subject to daily tides.  Ponded depressions and mounds also selected.  Sites were visited every 2 weeks with additional measurements after storm events or storm tide surges.  Mustang soils (this area, ponded, wetter landscapes, tidal) upper� 50 cm pH 6.9 – 7.9;  OC 0.9% at surface to 0.2% at 25-30 cm.  Galveston soils (this area, nonponded highest landscapes) pH 7.4-7.9; OC 1.4% at surface to 0.3% at 25-30 cm.



Galveston Island,  Mustang fine sand,  
4 days after 1.5 meter storm surge,  October 1996 

    Galveston Island, 
  October, 1996  
  Mustang fine sand, Typic Psammaquent  
  4 days after 1.5 meter storm tide surge 

Presenter
Presentation Notes
Galveston Island area was dry before the storm tide surge.  Looking toward Sites 8 (upper left of photo) and 9 (to right of Site 8 and at edge of bare area) from about Site 7 along a small mound.  Brown and dead appearing grass areas mark height of storm tide surge.



Galveston Island, AADP Reaction 
 Mustang fine sand 

 

     Galveston Island,  
Mustang fine sand  
Typic Psammaquent 
Dipyridyl dye reaction 4 days after storm tide surge 

Presenter
Presentation Notes
Positive dipyridyl dye reaction in soil sample taken from dead vegetation area shown in previous photo.  Soil saturated. Upper 3-5 cm of soil where water seeping out of soil along edge/bottom of higher areas also had very positive reaction to dipyridyl dye. Similar positive reaction to dipyridyl dye in these sands observed several times after major storm events with precipitation ranges of about 10 to 15 cm over several days.  Most positive reaction to dipyridyl dye during these observations always associated with surface layers, live/dead roots, or pockets of buried organic matter (assumed from darker colors in soil matrix).



    
     July, 2002 ,  

Victoria, Texas City Park  
Guadalupe River Flood  
Fine-silty, Cumulic Hapludolls 
3 days flooding, soil reduced (Eh) to 25 cm   
Dipyridyl dye  1% faint in upper 5 cm   

Presenter
Presentation Notes
Major storm event and flooding along upper basin of Guadalupe River near San Antonio, Texas.  Conditions very dry in Victoria, Texas, and took  several days before Guadalupe River flood waters reached Victoria, Texas and Riverside Park.  Observations made in golf park green area (Pt electrode stand), and between road (posts along road in middle right of photo) and river channel (open area between road and tree line on opposite side of river channel).  Pt electrodes placed (10, 25, and 50 cm) during second day of flooding.  Readings made on third day of flooding.  Soil pH 7 (1:1 soil-water) and noncalcareous. 



Guadalupe River Flood 
Victoria City Park 

 July, 2002  
Fine-silty, Cumulic Hapludolls  

 

     
    July, 2002 

Guadalupe River Flood, Victoria, Texas City Park 
Fine-silty, Cumulic Hapludolls  
7 days flooding near river bank (water flowing very fast, 50 cm deep)  
Dipyridyl dye 100% very positive 0 to 15 cm  
 

Presenter
Presentation Notes
Sample area near river channel between road posts at right middle of photo and river channel (open water). Tree line in background of photo is on opposite side of channel).  Water about 25 to 30 cm deep and flowing very fast so that it was difficult to walk and stand, and had difficulty putting bucket auger in ground  through the water current.  Sampled 3 different spots (fsl and sicl soils) and had same results, immediate very positive reaction to dipyridyl dye in upper 15 cm.  Bucket auger soil samples were very carefully split in half to expose a fresh uncontaminated sample.Again, based on Victoria County ICOMAQ Study, Brazoria County bottomland hardwood Vertisol study, Galveston Island study, and this study, the concept of oxygenated water preventing reducing conditions should be considered as not valid especially in ponded and episaturated soils.



RESULTS & DISCUSSION  
 

 REDUCING CONDITIONS (Eh, Dipyridyl Dye), PONDING EVENTS 
 
•  Vertisols, earliest recorded 4 to 5 days after start of precipitation  
    event  (Eh at 10 cm, dipyridyl dye upper 5 CM) 
 
•  14 days Eh readings reduced to 50 cm 
 
•  12 days Dipyridyl dye 100 % positive in upper 10 to 15 cm. 
 

•   Dipyridyl dye positive reaction always at soil surface – flowing 
    or ponded water boundary (also in Victoria Co.) 
 
•   Measured after four different storm events from dry conditions 
 
 

Presenter
Presentation Notes
These are all broad statements about the observations. 



ICOMAQ STUDY RESULTS 
 

• Gray matrix in many soils with or without redoximorphic features 
(redox) reflect past climatic conditions and are not always associated 
with contemporary wet soil conditions. 
 

• Root pore linings and ped coats in surface horizons and eluvial 
zones along root pores and ped faces in subsurface horizons are 
considered contemporary redoximorphic features. 
 

• Reducing conditions developed within 1 to 2 days, redox features 
within 4 to 6 weeks. 

 



 CONCLUSIONS FOR BRAZORIA COUNTY BOTTOMLAND 
HARDWOOD STUDY 

 
  
 1.  Growing season as currently defined is year round  
       in central Texas Gulf Coast Prairie. 
 
 2.  Landscape position is key to understanding hydrology. 
 
 3.  Most seasonal episaturated conditions due to ponding from  
      runoff, not stream flooding. 
 
 4.  Ponding, episaturation, and reducing condition events  
      closely  related. 
 
  
 



CONCLUSIONS FOR BOTTOMLAND HARDWOOD 
STUDY 

 
 

5.  Dipyridyl dye is reliable field indicator for measuring  
      reducing conditions (neutral and alkaline soils may be 
      problematic). 
 
6.  Soil reducing conditions develop quickly at soil surface- 
     water boundary (either ponded or flowing water). 
 
7.  Documented Vertisols that pond, saturate and reduce for  
     significant periods, but do not have easily identifiable redox 
     features. 
 
 
 



CONCLUSIONS FOR BOTTOMLAND HARDWOOD STUDY 
 
 

  8.  A new soil series (Churnabog) was established to identify 
  ponded soils and wetlands in areas previously mapped as  
  Pledger soils. 
 

  9.  May have to use vegetation (new indicator species 
  list) and landscape position to identify wetland 
  Vertisols that lack redox features in bottomland hardwoods. 
 

 10. Initial results of this study and Sharkey Soil Study in  
  Mississippi River Floodplain used to develop NRCS National 
  Technical Standard for Hydric Vertisols.   
 



 
CONCLUSIONS FOR BOTTOMLAND HARDWOOD 

STUDY 
 

   
11. Proposed interagency development of addendum to 

87 COE  Delineation Manual for delineating wetlands in 
Texas Gulf Coast Prairie MLRA Bottomland Hardwood  
 Vertisols. 
 

12. Field observations at this study site, also Victoria County  
ICOMAQ Study, Galveston Island Study, and Victoria City 
Park Guadalupe River flood all indicate that during 
flooding, ponding, runoff or episaturated conditions, 
oxygenated water preventing development of soil reducing 
conditions was never observed over the 15 year wet soil 
studies duration. 
           
                                                         
                                                          

Presenter
Presentation Notes
It was FUN!!! Wes Miller, August 12, 2012, Victoria, Texas



SUMMARY OF WET SOIL STUDIES IN TEXAS 

• Recent formal studies in Texas Gulf Coast Prairie MLRA have 
contributed to our knowledge and better understanding of wet 
soils and their genesis, classification, and interpretation at both 
the state and national level (COE, NRCS Field Indicators). 
 

• Studies were a cooperative effort of many individuals, 
institutions, and government agencies. 
 

• The task before us now is to make the information available to   
everyone involved in wet soil classification or interpretation.  
   

• Continue the process of updating interpretation and regulation 
guidelines concerning the use and management of wet soils in 
Texas and, where applicable, the nation.    

Presenter
Presentation Notes
Please note 3rd  item.  The information was presented, is it being used? 
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