UID: 92017

1Dept. of Agroecology, Aarhus University, Denmark. 2Dept. of Soil, Water and Environ. Sci. The Univ. of Arizona, USA.

Introduction
Soil water vapor sorption isotherms (Sl) describe the
relationship between water activity (a,,) and soil water
content along adsorption or desorption paths

Sls are important for modeling numerous soil biological and
physical processes, as well as estimating several soil
properties (e.g., specific surface area, clay content)

Although several theoretical and empirical models exists to
characterize SlIs for food and engineering products, their
applicability to soil Sls is not known

Measurement of Sls are either time consuming, or require
expensive equipment, thus the ability to estimate SIs from
readily available soil properties is crucial

Objectives
Evaluate the potential of theoretical and empirical isotherm
models to accurately characterize measured vapor sorption
isotherms for a wide range of soils

= Develop and test regression models for estimating the
isotherms from clay content

Methods .
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* Water vapor sorption isotherms
Measured with a Vapor sorption analyzer at 25°C
Water activity range: 0.03 to 0.93 for both adsorption and
desorption paths
* Models
Theoretical models
i. Guggenheim-Anderson-Boer' (GAB)
M =M CKa, /[(1-Ka,)(1-Ka, +CKa,)]
ii. Modified BET? (MBET)
M =a,(1-3a,")/(k +ka,)1-a,)]
iii. Lewicki? (LEW)
M =F{[l/(1-a,)°]-[1/(1+a,")]}

M = soil water content (g g™")
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Empirical models
(i) Oswin® M =A[(a,/1-a,)]°
(iii) Peleg® M =Ka,"+K,a"

(ii) Double Log Polynomial®(DLP)
M =b, + by +b,yx* +by’

x =In[-In(a,)]
Model fitting and performance evaluation
Model parameterization by nonlinear least squares method with
measured Sls (adsorption and desorption separately)
Performance evaluation: Mean relative percentage deviation
modulus (E) and Akaike Information Criterion (AIC)

Development of Sl prediction models

31 selected soils:
Mixed clay mineralogy
OM <4%

Model fit to data
=model parameters
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Considerations
Accuracy of model fit

31 soils; Parameters Sorption direction
Clay: 1-56% B o clay 'Conteztl Relationship with clay
OM: 0.2-3.8% = Regression Models OM contribution
Six soils for validation
Validation Model selection Group A (4 soils)
mixed clay mineralogy
Clay: 10-42%, OM: 0.3-3.3%
Predicted ,SI Par.ame_ter Group B (2 soils)
from respective Estimation 1 soil /only kaolinite
model from clay content 1 soil /only smectite
Clay: 16,43%, OM: 2.0,1.55%
Results

Model fits to measured Sl for a selected soil
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Adsorption
theoretical - LEW
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Desorption
theoretical - MBET
Empirical - Peleg

*Oswin model not suited for
desorption isotherms

Relationship between model parameters and clay

LEW and Oswin model parameters
(adsorption data) versus clay content
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Regression equations for estimating
model parameters (adsorption data)
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Validation of equations for Sl prediction

© GroupAsoils (0.002)  ©  Group B soils (0.017)

Predictions of water content for nine
a, levels (0.10 to 0.90) based on
estimated model parameters
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Poor prediction of two Group B soils
due to significantly smaller and larger
water contents, respectively, for
kaolinitic and smectitic soils
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Conclusions

= All tested models, except the Oswin model for desorption
data, accurately characterized the sorption isotherms

= Reasonably accurate prediction of SI from clay content but
significant errors for kaolinitic or smectitic soils
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