Development of a standard for visual S reduction to identify hydric soils =
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Abstract To find out why this research was conducted - START HERE If you only have a couple of minutes - READ THIS

Hydric soils present a unique set of problems associated with their identification,
including morphological features not reflective of current hydrology and masked

redoximorphic features. A novel tool to identify reduced soil environments is Indicator of : o
Reduction in Soil (IRIS) tubes. This concept was developed to demonstrate whether or not > Students observed FeS on IRIS tubes removed from soils with

Fe is oxidized (colored and solid) or reduced (colorless and soluble) and therefore varying concentrations of added S and organic matter.
anaerobic'in the soil environment. Anothgr commonly observed phenomeppn in soils is | » Quantification could help develop a new criteria to identify
thg reductlon QfS to fc?rm black monosulfides (FeS) under ana§r0b|c conditions. The : hydric soils via FeS staining on IRIS tubes by updating the
obJectl.ve of this experiment was to documgnt and d.evelop a wsgal s’.candarc.j for.S. | Technical Standard for Hydric Soils (USDA NRCS, 2010).
reduction on PVC surfaces coated in Fe oxide paint in order to simplify the identification '

of hydric soils in some settings. IRIS panels were installed in soil mesocosms containing
varying concentrations of sulfate and saturated for 11 weeks. Throughout the duration of
the study, oxidation-reduction potential and pH were measured weekly. When the
experiment concluded the IRIS plates were removed and analyzed quantitatively for

» When black, iron monosulfides (FeS) appear on iron coated panels installed in
saturated soil - it means that the environmentis highly reduced and certainly
anaerobic(as is the requirementfor HYDRIC SOILS) - see figure 1.

» Prior field observation of black FeS staining on IRIS tubes
provided the impetus to further examine the phenomenon.

» The greater the S concentrationin the soil = the greater the FeS presence on the
plates (to a point) - see figure 2.

» We propose that when thereis 2% FeS visible on IRIS tubes or plates, the soil is
reduced with respectto S and therefore ANAEROBIC - see figure 3.
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percent of oxidized iron (Fe3*), percent of reduced iron (Fe?*), and percent of reduced S Results and Discussion Suggested addition to the National Technical Committee
(FeS). When at least 30% Fe was reduced from the IRIS plates, more than 2% prominent for Hyd ric Soils Technical Standard
black FeS stains were observed. The strong visual observation of monosulfides is a Figure 1. FeS formation vs. redox potential
simple, quick determination of highly reduced conditions. Wetlands are a valuable At the pH values measured, the soils were reduced 12% Observation of 2% FeS on IRIS tube or plate in a zone 15-cm thick starting within 15 cm of
natural resource that can be challenging to delineate; the incorporation of a visual S with respect to Fe below 100 mV. . 000k 40,0317 the soil surface meets the criteria for anaerobic conditions.
. . . . . % = -0. x + 0.
reduction standard on IRIS surfaces will be beneficial for timely and accurate * FeS staining was compared to oxidation- 10% 0 7105 ‘ | . =
o . (e 5 c o . . -~ pAL ..."P._;:;;_,' .‘ ST AT . '
identification of hydric soils. reduction potential (redox, Eh) after 11 weeks @ 8% | o ‘ - -, - O
of incubation. Analysis revealed a negative g ) . <2% TR
. . . 5 . @ ' '
correlation between FeS staining and Eh o G S -
) ) values (p=0.001). 2 " . . . - =,
Objectives . oo | ‘ . . -
Since S is a less energetically favorable 20 ' _
» To identify the minimum percentage of black FeS staining indicative of reduction as measured electron acceptor used by microbes, it is 2% . > 2% - .
using Eh/pH diagrams and Indicator of Reduction in Soil (IRIS) paint removal. reasonable that higher amounts of S ° T -
« To propose a new technical standard to the National Technical Committee for Hydric Soils (NTCHS) reduction correspond to lower Eh values. This 0% w0 g0 0 a0 o 2(: ’ 40"" . 8'0 o SN e B R g AR 2 F'gg\:eeri'dpizev\r/‘:\ ic;fzac;ea
concerning the presence of iron mono-sulfide staining on IRIS tubes. suagests that increasina FeS stainina on IRIS o y
agr;wgls is indicative of n?ore red c:in9 e el Sehoeneberger etal, 2012)
Hypotheses P i ucing
conditions.
1. Increasing amounts of added S will lead to higher amounts of FeS staining on IRIS panels. ) 5 : )
2. Higher amounts of FeS staining will correspond to more reducing conditions as measured using BigurelzReaformationivs treatment . . - .
Pt—tipped electrodes and pH. o ® PercentFeS staining increased as S Can yOu dlffel‘entlate between < 2 and > 2 /O S I‘edUCtIOn?
3. Asmall percentage of FeS staining will qualify a soil as hydric. i | concentration increased (median values . : :
P J 9 W QR / f S with selid [ine) ( What percentage FeS do you see on the following IRIS panels? Use Figure 4 as a guide.
' Percentage oxidized iron (orange, Fe*3), reduced iron (colorless/white, Fe?"), and reduced
% 5 * Concentration of S may have reached a sulfur (black, FeS) are shown under the flaps.
2 | high enough level and led to the maximum
2 FeS formation in this system with mean FeS % %
c c 4 +3
Lo on panels being 6.95and 6.82 % in the 2.5 R [ e : 207
B © and 5.0 treatment groups respectively. i |Gy re™ | 48,2
i FeS | 0.5 FeS | 1.0
. ® Future examination of greater S - |
8. S— — concentrations would improve our
0 i 25 5 understanding of the mechanisms behind % ®
% 8 el by e FeS formation at these higher Fe*3 | 32.9 Fe” | 51.2
concentrations. Fe*2 | 64.7 | Fe*2 | 42.9
FeS | 2.4 FeS | 5.9
18%
0% S Treatment © 1% S Treatment © 2.5% S Treatment @ 5% S Treatment o %
16% % 6
Fe*3 | 38.7 Fe3 | 76.6
Soil preparation and S addition e Fe*2 | 48.7 | Fet2 223
: : . . . FeS | 12. FeS = 2.1
« Silty clay loam-textured soil was collected from the A horizon of an upland soil (Cropley series). e |12¢ = |
. . 12%
The soil was sieved to remove coarse fragments greater than 2 mm. o * Percent coverage values were quantified using Adobe Photoshop CSé.
)
* Bulksoil (14 kg) and gypsum (CaSQO,) powder at 0, 1, 2.5, and 5% concentrations corresponding § 10% ° .
to the treatment group were mixed while dry. < © .
O, ¢ ®
Indicator of Reduction in Soil (IRIS) panel development o 8% °% ¢ * o Select references
. Opaque, il ite polyvinyl-chloride plates (12" x 12" x 0.125") were |ight|y seraled Thar painted o~ o o o0 . ° \S/chgeneg)bgrglg\leré P.Jl.iqD.A. Wyscg:ki, E.C. If‘enhsam,.andl\?otill Surleey.ISéaff. 20’IC2. FtieIdLboolrfol\r“cEJIescribing and sampling soils,
with a single coat of standard IRIS paint (composed of ferrihydrite and goethite) on each side. . HEEE AR E e R G e e A e T RS
. ' . . . - e United States Department of Agriculture, Natural Resources Conservation Service. 2010. Field Indicators of Hydric Soils in the
* Four panels were installed in each mesocosm prior to addlng soil. A JIg was used to hold the ° ® o ® . United States, Version 7.0. L.M. Vasilas, G.W. Hurt, and C.V. Noble (eds.). USDA, NRCS, in cooperation with the National Technical
panelsin place for the duration of the experiment. ’ Committee for Hydric Soils.
2%
* |RIS panels were analyzed quantitatively using image analysis software (Abobe Photoshop CS6) iabepho;st, M.?7%??252.7N1.;3U£Ch. 2006. Synthetic iron oxides as an indicator of reduction in soils (IRIS). Soil Science Society of
using the pixel counting feature to quantifythe amount of Fe3* (orange), Fe?* (white), and FeS 0% MErica JOHTRAt AT feefriast:
(black). 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% Rabenhorst, M. C., W. D. Hively, and B.R. James. 2009. Measurements of soil redox potential. Soil Science Society of America
% Reduced Fe on panels Journal 73:668-674.
« Both sides of the IRIS panels were analyzed resulting in 8 sides of panels per 3 replicate Rabenhorst, M.C., J.P. Megonigal, and J. Keller. 2010. Synthetic iron oxides for documenting sulfide in marsh pore water. Soil
mesocosms = 24 surfaces per treatment. Science Society of America Journal 74(3):1383-1388.
Monitoring of mesocosms Figure 3. FeS formation vs. Fereduction
* Soil mesocosms were constructed in clear, solid plastic tubs. ® Percentage of FeS staining was compared to the % reduced Fe?* stripped from the IRIS
« Tripli ' . 9 anels. For photographic analysis both r Fe’* and FeS were incl inth . . : : : :
Triplicate treatments were constructed for S concentrations (0, 1, 2.5, and 5%). percentaoe%fioi)gl Ii\ep re(:da C?i())/z STk;]ci)s WaeSdI:eCf;l 52 Ofajchd 2+eS .de ? nC :(?lcedf . .en - Author contact information Par.tlal funding for‘thls project has‘beer)
« Soil was added after IRIS panels were installed. Mesocosms were saturated with water for the P J . ' Y €7 oxidation state ot Fe in Feo. Herenes Miller © loreneenila2S@emeiles proxld‘ed Iby tP;eRCallfOI‘?‘l? Stf;\te UrX\éTrSIty
duration of the 11-week study. Soil temperature was measured throughoutthe study. ® Inthe majority of cases >2% FeS staining (blue horizontal line) corresponded with >30% total griculturaliResearchlinstitute (ART):
L : : : : 2 - - : : . Nico Navarro ® niconavarro/@gmail.com Sy
« Oxidation-reduction potential was measured weekly at 10 cm below the soil surface using 5 reducgd Fe<* (green vertical line). Given the strong Y'Sual presence of FeS staining on IRIS J SRE
replicate Pt-tipped electrodes and reference electrode. Soil pH was measured in situ at the plates, it is proposed that 2% or greater of FeS staining should supplementthe technical Chip Appel ® cappel@calpoly.edu f$§ ! %_%
same time intervals. standard for identifying anaerobic conditions in soils. Karren Vauehan o laren veushan@usyeeduc umepcdslssy wedblycso ‘égauo}z
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