MOISTURE, TEMPERATURE, and PRESSURE RELATIONSHIPS within VERTISOLS

INTRODUCTION

OBJECTIVES

· Measure soil temperature to verify temperature regimes

· Measure soil moisture to verify moisture regime

· Measure pressure to understand moisture-pressure relationships

· Measure carbon isotopes to understand carbonate formation
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MEASURING MOISTURE AND PRESSURE

RELATIONSHIPS WITHIN VERTISOLS
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STABLE CARBON ISOTOPES RATIOS AND THEIR SIGNIFICANCE TO PEDOLOGY

STABLE C ISOTOPE: THEORY


[image: image7]
ISOTOPE FRACTIONATION
The isotopes of carbon are fractionated by a wide variety of natural processes, including photosynthesis and isotope exchange reactions among carbon compounds.

Two main processes produce isotopic fractionations:

· Kinetic processes

· Isotope exchange reactions

C  ISOTOPE FRACTIONATION

·    Kinetic Fractionation


        Unidirectional reactions (biological processes)

·     Equilibrium fractionation

Differences in energy due to mass

At equilibrium the heavy isotope will tend to occupy the site with the stronger bond

(Hoefs, 1997)

Stable isotopes are commonly expressed in delta notations where (() notations where (13C is the difference (in per mil, o/oo) between 13C/12C ratio of the sample and that of the standard.  Increases in the ( value denote increases in the relative amount of the heavy isotope component (13C) or a reciprocal decrease in the light isotope component (12C).

C ISOTOPE FRACTIONATION

(Kinetic)

C02
(-7.8 %)         C3
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C ISOTOPE FRACTIONATION

Crassulacean Acid Metabolism (CAM)
CO2
(-7.8 0/00)

Cacti
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C ISOTOPE FRACTIONATION
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What is the 




Relative contribution

Of C3 plants to the

Soil OM?

X =  ( 13 C soil - ( 13 C C3
      ( 13CC4  -    ( 13 C C3
x = proportion of OC
       from C4 source

          (Boutton, 1996)

CARBONATE EQUILIBRIA AND ISOTOPE FRACTIONATION

CO2 (gr)                    CO2 (aq)
CO2 (aq)  + H2O       


 H+  +  HCO3
CaCO3   (lithogenic) +  H+         Ca2+ +  HCO3- 

Ca2+   +  HCO3-           CO2(g)  +  H2O  + CaCO3 (pedogenic)
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=  (-27 or -13 o/oo) +  4.4 o/oo + 12 o/oo at 0oC or 9 o/oo at 25 oC 

C ISOTOPE FRACTIONATION
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ISOTOPE RATIO MEASUREMENT

· Absolute 13C:12C ratio = 0.0112372

· Relative ratio ((13C) is measured with reference to a standard

[image: image22.emf]
R = 45/44  from CO2 gas
(Boutton, 1996)
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(Boutton, 1996; Nordt et al., 1996)

SUMMARY: (13C INTERPRETATION

· Can be positive (enriched with 13C) or negative (depleted in 13C)

· Values depend on source and processes

· C3 plants = -32 to -20 o/oo  (-27 o/oo)
· C4 plants = -17 to -9 o/oo (-13 o/oo)

· CAM plants = -25 to -11 o/oo (-18 o/oo)
· Lithogenic carbonate C = 0 o/oo

· Pedogenic carbonate C = +3 to -12 o/oo

OBJECTIVES

· To reconstruct the vegetation history of the    Keiffer prairies

·         To document the proportion of C3 and C4 plants
·      To investigate carbonate pedogensis

SITE CHARACTERISTICS

· Geology – Eocene marly clays of the Tertiary period, Jackson group

· Prairie soil – fine-silty, carbonatic, thermic, 

Rendollic Eutrochrepts

·      Adjacent Soils:

· Oktibebeha silt loan – very-fine, montmorillonitic thermic Vertic Hapludalts

· Hollywood silty clay loam – fine, montmorillonitic, thermic, Typic Pelluderts
·      Landuse

               Grazed

               Not farmed
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     Site 1

   (0.3 Ha)

South side of Site 1 burned several times, last burn in 1998
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Sites 2 and 3 not burned recently
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Site 3 (1.4 ha)

[image: image29.emf]0

10

20

30

40

50

60

70

80

90

100

0 10 20 30 40 50 60 70 80 90 100

% C4 contribution

Depth (cm)

Forest

Transition

Prairie


Site 3

FIELD METHODS

· Soil samples were collected from each site using a push probe at 10 cm increments to a depth of 1 m. Two sets of samples were collected from each of prairie, transition, and forest, each representing contrasting slope positions. 

· Carbonate nodules were sampled separately to obtain (13C of pedogenic carbonate.  Rock fragments and carbonate samples from the lower portion of the profiles from each site were collected to obtain (13C estimate for the parent material (lithogenic carbonate).  

· Plant specimens were collected from the prairie, transition, and forest using a 1 m x 1 m quadrat in the prairie, and 5 m x 5 m quadrat in the transition and forest for stable C isotope analysis. 

LABORATORY METHODS

[image: image30.emf]
RESULTS

VERTICAL DISTRIBUTION OF SOIL OC

d13C OF PLANT, SOM, AND CARBONATE

d13C ENRICHMENT RELATIVE TO 0-10 CM DEPTH

PROPORTION OF C4 VEGETATION WITH DEPTH

RESULTS
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Vertical Distribution of Soil OC
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D13 C of Plant, SOM, and Carbonate
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d13C Enrichment Relative to 0-10 cm Depth
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SUMMARY & CONCLUSION

· Explored (13C of SOM, (13C of pedogenic carbonate, SOC and carbonate mineralogy

· SOC varied with depth but variation due to vegetation and landscape position were not statistically significant

· The depth profile of SOM (13C served as a signal of temporal vegetation dynamics

· The forest was exclusively C3, and the transition

      and prairie were composed of a mixture of C3 and    

      C4 plants

· The relative proportion of C3 and C4 plants varied with season

· The invasion by C3 plants within the transition ecosystem may not be a recent phenomenon

· A depth of 40-50 cm may represent an undisturbed prairie signal

· Calcite constituted the bulk of the soil carbonate

· The carbonate pedogenesis was controlled by CO2 derived from the vegetation

· Pedogenic carbonate was not a result of dissolution of lithogenic carbonate and precipitation 
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