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Using the HEMC method in soil research

A.I. Mamedov
Institute of Botany, and Institute of Soil Science & Agrochemistry, ANAS, Baku Azerbaijan

Abstract.
Studying and quantification the effects of management practices on soil structure is important for the
development of effective soil conservation practices to minimize soil degradation. The effects of the soil properties
and treatments on soil structure stability were investigated using the high energy moisture characteristic (HEMC)
method and soil-HEMC model. Structure stability was inferred in quantitative terms from changes in the water
retention curves at low matric potential (0-5 J kg~!, macropores > 60 um). The S-shaped water retention curves
were characterized by the modified VG model that provided: (i) the model parameters and n, which represent the
location of the inflection point and the steepness of the water retention curve, respectively; and (ii) the soil structure
index, SI=VDP/MS, where VDP is the volume of drainable pores, and MS is the modal suction. Evaluation of the
behavior of the SI, , and n parameters produced a clearer picture of the contribution of soil properties and
management (spatial and temporal variation) on pore size (e.g. apparent aggregate size) distribution, and thus to
soil structure stability. HEMC approach can identify, characterize and predict, in quantitative terms, the changes in
the soil structure and shed light on the mechanisms responsible for the observed changes, and can be used in the
relevant models

Keywords: soil aggregate and structure stability, VG model parameters, macroporosity, near saturation, soil
properties

Introduction

Soil structure is a basic property of soil fertility and health. The formation of soil aggregates and structure is the
result of biotic and abiotic factors and their interaction. It is critical for understanding the influence of soil structural
condition on the water and nutrient regime in the root zone and crop yield, as well as on soil hydraulic properties,
transport processes in the vadoze-zone, and surface runoff generation and soil erosion. Therefore studying the
effects of soil properties and agricultural management practices on soil structure is important for the development
of effective soil and water conservation, integrated nutrient management practices, and modeling tools in order to
avoid risks of soil deterioration (Connolly, 1998; Amezketa, 1999; Ahuja et al., 2006).

Tillage and soil reconsolidation, crop rotation and amendment application can change soil bulk density and
porosity, and subsequently affect physical and chemical properties of soils, drainage capacity and nutrients
availability. Moreover, plant growth and soil biota’s activities interact with environmental variables such as dry-
wet and freeze-thaw cycles to modify soil structure. The ability to study soil structure dynamics and affecting
mechanisms thereon are complicated by the next aspects: (i) the magnitude of temporal variability are affected
considerably by the spatial location and growing season, (ii) the spatial and temporal variability often overshadow
the effects of particular management practices, and (iii) to the difficulty involved in relating results from laboratory
measurements of soil structure stability to actual field behavior. Thus transfer of effects of a given treatment from
one location to another could prove problematic (Kay and Angers, 2002; Strudley et al, 2008).

The purpose of soil structure stability tests is to give a reliable description and ranking of the behavior of soils
when subjected to forces of the environmental and management factors. Characterization of soil aggregate stability
has been examined in numerous studies, though aggregate is not a replacement of soil structure. The relationship
between soil structure and water content can be illustrated by the water retention curve. Yet, the difficulty to
quantify the impact of soil type, properties and conditions, coupled with management practices, on soil water
retention at near saturation and structure stability, neither by empirical nor by conceptual models, has been widely
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recognized. The complexity also is associated with variety of physical and physicochemical mechanisms of soil
aggregates breakdown by water (Roger-Estrade et al., 2008; Levy and Mamedov, 2013).
Several aggregate stability methods, utilizing diverse primary breakdown mechanisms (e.g. wet sieving, drop
test, application of ultrasonic energy, etc.), are used for establishing an index of soil structure, and thus making the
comparison of the treatments difficult. The new one, the modified high energy moisture characteristic (HEMC)
method and model (Pierson and Mulla, 1989; Levy and Mamedov, 2002) is sensitive and capable of detecting even
small changes in structure stability of a range of soils from arid and humid zones (e.g. review paper by Mamedov
and Levy, 2013). In this method, structure and aggregate stability is inferred from changes in the water retention
curves at low matric potential or pore size distribution (PSD) following wetting. The objective of current study is
characterization (case studies) of soil structure stability indices, collected from mostly semi-arid regions, using the
.HEMC method and the relationship between soil SI and the parameters of the modified VG equation

Materials and Methods

HEMC method. Water retention, structure stability of soil samples was determined, and model parameters
were calculated using a modified version of the HEMC method and soil-HEMC model (Pierson and Mulla,
1989; Levy and Mamedov, 2002; Mamedov and Levy, 2013). Briefly, in this method, macroaggregates (0.5 to 1.0
mm) is placed in a funnel (60 mm i.d.) with a fritted disc (pore size 20-40 pum) to form a bed ~5Smm thick and is
wetted from the bottom in a controlled manner, either slowly (2 mm h) or rapidly (100 mm h), with a peristaltic
pump, and then a soil water retention curve at high energies of matric potential from 0 to -5 J kg~' (0 to 50 cm H,0)
corresponding to drainable pores (macropores of 60 to 2000 ym) with small steps of 0.1-0.2 J kg~! (1-2 cm), is
performed. Soil structure stability indices is obtained from changes in the soil PSD following wetting (Fig. 1).

Soil structure stability can be expressed in terms of structural index (SI) or stability ratio. For a given wetting
rate, the Sl is defined as the ratio of volume of drainable pores (VDP) to modal suction (MS). The MS corresponds
to the matric potential ( , J kg™') at the peak of the specific water capacity curve (d /d ) and corresponds to the most
frequent pore size. The VDP, an indicator of the quantity of water released by a soil over the range of applied
suctions, is defined as the integral of the area under the specific water capacity curve (Fig. 1). The stability ratio is
the ratio of the SI indices obtained from fast and slow wetting. Use of only the SI for a given treatment, or the ratio of
the SI obtained from treatments A to B (e.g. same wetting condition), S-shape soil quality index, and relative SI is
generally employed too (Pierson and Mulla, 1989; Dexter, 2004; Mamedov et al., 2010; Hosseini, 2015).

Structure indexes and model parameters. Soil-HEMC model (Mamedov and Levy, 2013), which enabled an
accurate fit of the water retention curves ( , 0to -5 J kg™!) for a wide variety of soils (R?>0.99), was used to calculate
structural indexes and model parameters. The products of the Soil- HEMC model (the input data are the and )
include: VDP and MS, and model parameters: ;and ., ,n, A, B and C, and indices of the model accuracy : R%, LSD,
and RMSE. The VDP and MS, and nwere calculated by the following model (van Genuchten, 1980; Mamedov and
Levy, 2013):

8=0,+(8,-0,)[ 1+ (@)’
de/dy = ®, —8)[1+ @)™ @/n D@y v+ (@w")]+2ay+B  [2]

where, . and  are the residual and saturated water content, respectively; (cm™) and nrepresent the location of the
inflection point and the steepness of the S-shaped water retention curve; A, B and C are the coefficients of the
polonium.

Pore and aggregate size relation. The drainable pores studied in the HEMC method can be divided to three
group sizes : macropores (>250 ym), mesopores (125-250 um), and micropores (60-125 pm) which empty under
suction of 0-1.2, 1.2-24, and 2.4 to 5.0 J kg™! respectively. Hence, one can define three apparent size classes of
aggregates (e.g., apparent macro- meso- and micro-aggregates) which correspond to the aforesaid three pore sizes.
As aresult of the direct link between aggregate size and pore size, observed differences between water retention
curves can be used to identify which group size of pores, and thus the associated apparent aggregates’ size, had been
affected by a given treatment. Furthermore the change in and nis considered to be related to pore-size distribution,
and therefore to aggregate and particle size distribution, and thus may characterize the contribution of aggregates
size to soil structure condition (Lipiec et al., 2007; Mamedov and Levy, 2013).
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Figure 1. (a) moisture release, and (b) specific water capacity curves for stable and less (non) stable soil

aggregates. The dashed line at the bottom of the specific water capacity curves represents the soil shrinkage
lines for the treatments.
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Figure 2. Soil water retention curves as affected by wetting rate (WR) and clay mineralogy : a) smectitit and b)
kaolinitic loam (USA).

Results and Discussion

Wetting rate (soil condition). Changes in soil structure following aggregate breakdown (irrigation, tillage,
management, etc), generally, result in the formation of a larger number of aggregates or particles of smaller sizes
than the original ones. This in turn, causes the inter-aggregate or particle PSD to shift towards a greater number of
smaller pores (Fig. 2, Table 1). Increasing the wetting rate increased MS, and n, and decreased , VDP and SI
substantially. The smectitic soil were found to be much more sensitive to slaking and to a change in PSD than the
kaolonitic one. In the smectitic soil, with weaker aggregates, the range of change in PSD was much wider (60-1000
um) than in the kaolinitic soil ( > 250 um). The considerable effect of clay type on soil structure could be explained

by the nature of the clay minerals and their association with iron oxides, slaking or dispersion potential (Mamedov
and Levy, 2013).
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Table 1. HEMC soil structural indices and model parameters as affected by treatments (MS-modal suction;
VDP-volume of drainable pores; SI-structural index, and nrepresent the location of the inflection point and
the steepness of the water retention curve). In all cases, within the each treatment and soil, the difference
between the mean of MS, VDP, SI, nand of the treatments were significantly different at P<0.05.

Treatments Soil WR MS VDP SI n
mmh! cm gg'! cm! cm!
Wetting rate (WR)
Kaolinitic Loam 2 12.6 0.310  0.025 7.96 0.078
100 14.6 0.214  0.015 10.48  0.068
Smectitic Loam 2 14.5 0.184  0.013 9.84 0.068
100 17.7 0.085 0.005 14.82  0.056
Tillage
Conventional tillage Loam 100 17.7 0.110  0.006 13.84  0.056
Non-tillage (>10 years) 100 15.5 0.163 0.011 1342 0.064
Rhizosphere
Control (bulk soil) Loam 100 17.3 0.138  0.0080 10.22  0.057
Rhizosphere soil (wheat) 100 19.8 0.068  0.0035 13.19  0.050
Humic acid
Control (non treated) Loam 100 16.9 0.170 0.010 8.86 0.058
Humic acid (2%) 100 13.3 0.259  0.019 8.50 0.074
Sodicity (ESP)
Control (ESP2) Clay 100 12.5 0.168  0.0134 9.42 0.079
Sodic soil (ESP 10) 100 15.1 0.097  0.0064 14.80  0.066
Water quality
Distilled water Loam 100 25.6 0.018  0.001 30.21 0.039
Tap water (EC 0.5 dS/cm) 100 18.1 0.073 0.004 17.83 0.055
Polyacrylamide (PAM)
Control (non treated) Clay 100 13.7 0.205 0.015 10.32 0.072
Polyacrilamide (100 mg L") 100 12.1 0316  0.026  9.96 0.082

Long term tillage (> 10 y). Differences in the water retention curves between the non-tilled and conventionally
tilled loam soil aggregates were mostly in the matric potential range of 0 to -1.2 J kg™!, and lesser degree in the range

of 1.2t0-2.4 Jkg!, corresponding to differences in macro-, and meso-pores (>250 Llm; 125-250 [lm). In the clay
soil notable differences occurred in the matric potential range of 0 to -5.0 J kg!, corresponding to the available

macro pore size (> 60 [Lm), and hence apparent aggregate size (Fig. 3, Table 1). Aggregates from a non-tilled field
exhibited much lower MS, nand higher VDP and value than the aggregates from long term tilled fields, which
turned into up two fold higher SI mean in the former. In the coarser textured loam, aggregate stabilization was
attained mainly by the presence of the coarser fraction of organic matter (e.g., plant roots and fungal hyphae),
whereas in the clay soil cementing of aggregates was obtained not only by organic matter but also by the presence of
high clay content (Amezketa. 1999).
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Figure 3. Soil water retention curves as affected by tillage history : a) loam tilled (CT) and non-tilled (NT)

under corn-soybean (USA), and b) clay tilled (CT) under sunflower and non-tilled (NT) under grass
(Turkey).
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Figure 4. Water retention curves of loam soil

aggregates : control (bulk) and rhizosphere soil under
the wheat (Turkey)

Figure 5. Water retention curves of loam

aggregates : control (non treated) and treated with
humic acid (Turkey)

Rhizosphere. The rhizosphere soil is directly influenced by the crop root, plant residues, rhizodeposition,
root secretions (proteins and sugars, etc.) and symbiotic associations of plants with microorganisms (e.g.
mycorrhizal fungi, etc.). All effects on soil physical, chemical and biological properties and hence influences on soil
aggregation (Hosseini, 2015). In comparison with bulk soil, the rhizosphere soil used under the wheat notable

improved soil water retention mostly at the range of 0 to -1.2 J kg™! (>250 lWm), and enhanced macropores and
structure stability significantly (Fig. 4, Table 1).

Humic acid. Effect of humic acid treatment on soil water retention and structural indices were similar to the
effect of non-tillage application, i.e. treatment significantly increased VDP, Sl and (X , and decreased MS and n.
Water retention curves of the treated and the non-treated loam aggregates were differed mostly in the matric
potential range of 0 to -1.2 J kg! and lesser degree at -1.2 to -2.4 J kg™!, matching to differences in macro-, and
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meso pores (>250 and 125-250 Um) and apparent macro-, and meso-aggregates (Fig. 5, Table 1). Application of
humic acid coats bridge between soil clay platelets, and similar to the effect of hydrophobic humic substances,
improve structure stability and aggregate resistance to slaking by water (Piccolo and Mbagwu, 1999).

Sodicity (ESP). Soil sodicity, sodium adsorption ratio, and electrolyte concentration of the soil solution play a
significant role in determining soil physical properties and the response of soil clays to slaking, dispersion and
swelling (Levy et al., 2003). The effect of sodicity on clay soil water retention was considerable at a matric

potential range of > -1.2 J kg™!, corresponding to meso- and micro-pores (< 250 m). The increase in soil sodicity,
increased MS and n, and considerable degreased VDP, ST and (Fig. 6, Table 1). Sodicity associated with the fast
wetting decreased the amount of macro-aggregates and thus the size of drainable pores. For the non sodic soil
slaking by swelling has a minor role, whereas, for the sodic soil both swelling and dispersion emerged as main
mechanisms for the aggregates breakdown (Levy et al., 2003).

Water quality. Similar to the effect of the sodicity, the variance in the semi-arid clay soil water retention curves
between the treatments (control and tap water) occurred at the drier end of curve, i.e. at matric potential ranges of

-1.2t0-2.4J kg, and -2.4 to -5.0 J kg!, associated with meso- and micro- pores (60-250 [Lm). Use of tap water
decreased the effect of potential dispersion and differential swelling on aggregate slaking during the wetting (Levy
et al., 2003). Increase in water salinity improved VDP, SI and , and declined MS and n (Fig. 7, Table 1), e.g.
improved amount of larger pores between, and possibly within, the apparent meso- and micro-aggregates of the
soil. Manipulation with the chemo-physical properties of the clay size fraction (by changing ESP and water quality)
seems to affect the stability and size fraction of the apparent meso- and micro-aggregates (Levy etal., 2003).

Polyacrylamide (PAM). Anionic PAM-treated soil aggregates were more stable than the non-treated
aggregates, with the effect being more pronounced in the loam. Differences in the retention curves between the
treated and the non-treated aggregates were noted in the matric potential range of 0 to -1.2 J kg'! mostly for clay
and 0 to 5.0 J kg! for loam. Treating aggregates with PAM significantly increased VDP, SI, , and decreased MS
and n. (Fig. 8, Table 1). In the loam PAM improved the entire range of aggregates (macro-, meso-, micro),
whereas in the stable clay soil this variety was smaller (Mamedov et al., 2010).

Link between soil SI and the model parameters. The shape of the soil water retention (at near saturation)
depend on soil aggregate and PSD and can be strongly influenced by management. The change in and nis
considered to be related to PSD and therefore to aggregate and particle size distribution. If model parameters can be
related to measured soil properties, then soil water retention can be derived from measured field properties (Dexter,
2004; Mamedov and Levy, 2013). Used published data reported of a wide range of changes in PSD, and structure
stability indices of semiarid soils widely varying in intrinsic properties and management histories. A strong
exponential relationship between the SI and the parameters and n, was noted (Fig. 9). It was established that the
parameters and n( Y, 0to-5.0 Jkg™"), can characterize the contribution of large (>0.25-0.5 mm) and small
(<0.25-0.5 mm) aggregates / particles to soil structure condition (Mamedov and Levy, 2013).
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Conclusion
The aggregate size distribution and pore structure of cultivated soils can be influenced by management (e.g.,
irrigation, tillage), but the resilience of the structure largely depends on soil genesis and properties. If model
parameters can be related to measured soil properties and or condition, then soil water retention at near saturation
can be derived from measured field properties. The paper presents and discusses results obtained from studies, in
which the HEMC method and the model (Soil-HEMC) were employed. Soil structure stability was characterized in
terms of changes in macro pore size distribution obtained from water retention curves at near saturation ( , 0 to -5J
kg-1). An improved description of the water retention and its link to pore- and aggregate size distribution, by using
the model parameters and n can assist in (i) the selection of management practices for obtaining the most suitable
type of aggregation depending on the desired soil function or soil type, and (ii) connecting the soil pore system to
water storage and transmission in cultivated soils. Introducing indices and parameters in soil-crop models may help
in better understanding and linking the effects of changes in soil structure on soil hydraulic properties, erosion
potential and crop yield.
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13 Support Vector Machines (SVM)
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Abstract

In different sections of the states documents the necessity of sustainable development and management is
stressed. About 80 percentage of irrigated arable land of country has different limitations that understanding the
limitations and land potential production of the country to allocate anywhere in land to the best use, are priorities. In
the world there are different methods for land evaluation that the evolution of these methods is qualitative to
quantitative methods, and the best of these methods, are which while allocating land to the best use, protect land
resources for future use. In recent years modeling has been used well to assess land suitability and using different
models especially intelligent models are obtained satisfactory results. This article focuses on the use of quantitative
data, modeling and application of new methods to land suitability evaluation.
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Soil rules (fy) (5) !
Sy=f;(scorpany) Outsige. Calculate Mahalanobisdistance (5)
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Models Used in Iran by
Pedotransfer Function -
Multiple Linear Regression Taghizadeh et al., 1391,
Expert Knowledge -
Decision Tree Taghizadeh et al., 1392, Taghizadeh et al., 2012, Pahlavan
Radetal., 1393
Regression Tree Jaafarietal.,2014
CART -
Taxonomic Distance Taghizadeh et al., 1392b
Multinomial Logistic Regression Jaafari et al., 2012, Moravej 1391, Pahlevan Rad, 2014
Random Forest Pahlavan Rad etal., 2014,
Neural Network, and combined with Bagherietal., 2015, Taghizadeh et al., 1392,
fuzzy Taghizadeh et al., 1391, Taghizadeh et al., 1392a,
Bayesian Maximum Entropy (}ia;n;j;:hpour et al., 2013, Hamzehpour et al., accepted
Fuzzy Classification -
SoLIM Bagherietal., 1391a,b
Machine Learning Mehnatkesh 1391
Markov Chains -
Simulation -
16 - Nearest neighbor
17 - Triangulated irregular network
I\
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Directly measures soil As Auxiliary data DEM extracting Landform mapping
variables
Mineralogy Spectral bands Topo-maps Dent and Young, 1981, API

Soil Texture

Soil Iron content

Soil organic carbon

Soil moisture NDVI, SAVI, EVI SPOT Moore et al., 2003, by elevation, slope,
- — indices aspect, curvatures, and flow
Soil salinity ‘
accumulation

Carbonate content

Land cover
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ASTER and ICONUS

Minar and Evans (2008), by Geometry

Nitrogen content Indicator of Plant

- Functional Types
Lichen (PFT) yp
Photosynthetic
vegetation
Non-photosynthetic Indicator of
vegetation Ellenberg indicator
Land degradation (flora type)

Light Detection and Ranging

(LIDAR) and SAR and stereo-

correlation of images.

MacMillan et al. (2004)- LandMapR, by
classifying a hierarchy of landform
entities over a full range of spatial scales
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Primary Soil Survey Application
Map Unit (Spatial) Data Point Data
Order 1 (high- Order 2 & 3
Method mtenn‘ty/specml use Point Data
soil survey)
Map unit boundaries, Map unit boundaries.
component component Soil property
composition, and/or composition. and/or documentation (static
spatial distribution of spatial distribution of | or temporal properties)
properties properties
Ground-Penetrating
= X X
Radar
Elecn‘gma gnetic X x
Induction
Electrical Resistivity X X
Magnetometry X
Magnetic Susceptibility X
Portable X-Ray .
) X
Fluorescence
Time Domain .
X
Reflectomeiry
Optical Reflectance X X X
(.3anu1‘1a Ray X X X
Spectroscopy
Mechanical Interactions X X
Ion-Selective ~ .
Potentiometry X X
Seismic X X
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Abstract

Increasing the greenhouse gases (GHG) due to anthropogenic source has been caused the climate change as a
threat to human life. One of the identified solution to climate change is reducing the GHG. Conversion of
agricultural wastes and organic materials to the biochar as a carbonaceous solid compound produced during lack or
absence of oxygen (i.e pyrolysis process) is considered as an approach to reduce release of CO2 to the atmosphere
and consequently sequestrate carbon. By the way, biochar has various applications including mitigation of climate
change effects, improvement of soil quality characteristics, production of biofuels and energy as well as waste
management. Furthermore, it has been considered in the Clean Development Mechanism (CDM) which established
in Kyoto Protocol. Biochar characteristics are depended on type of substrates and production procedures as well.
However, production of toxic and hazardous compounds such as polycyclic aromatic hydrocarbons during the
pyrolysis process could be mentioned as environmental problems of biochar.
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