Using Meta-Analyses to assess pedo-variability under different land management
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INTRODUCTION

The conflicting information on the status of soil quality changes necessitates a comprehensive approach that can combine soil property
data into a credible soil quality index. Soil quality, encompassing combination of chemical, physical and biological components, Is
Influenced by site-specific land use and management practices (Lal, 2009; Stockmann et al., 2013 ). The variability in soil quality can be
attributed to; (1) the complexity and spatial variability of soil properties, and (i1) limitations of the approaches used. For example,
Insufficiency In sample density and size of field data used in the statistical analyses, may lower the accuracy, and lead to Iinappropriate
conclusions. A larger sample size that captures the important details and heterogeneity of the field processes at different spatial resolution
with limited uncertainties Is a necessity when modeling such scenarios. However, due to costs (including site accessibility), It is not
always feasible to establish large experiments, nor probable to effectively filter unwanted details/parameters (e.g., soil processes)
necessary to quantify soil quality under different scenarios and depths to obtain a consistent overall output. Since soil property
measurements cannot be done logistically or economically for every soil, transition or boundary between different soil layers, and
resolutions, approaches are required for accurately integrating the soil physical, chemical and biological properties (De Vos et al., 2005). It
IS In this context that meta-analyses can be a useful tool. Meta-analyses Is a statistical approach focused on contrasting and combining
results from different independent studies (Hothorn and Everitt, 2006), and may, therefore, allow for comprehensive evaluation and
synthesis of soil characteristics within the soil profile. Furthermore, meta-analyses generates results in formats that identify common
patterns or processes, and address a set of related research hypothesis, and Is applicable with minimal trials or dataset (Miguez and
Bollero, 2005). The objective of this study Is to demonstrate the application of meta-analytic methods to integrate, and quantitatively
describe the effects of management practices on key soil physical and chemical properties which influence soil quality.

MATERIALS & METHODS

« 204 soil samples were obtained between April and May, 2012 at 0-10, 10-20, 20-40, 40-60 cm depths from 5 sites within Ohio, USA
(Table 1 and Figure 1).

« Management: Conventional Tillage (CT), No Till (NT), and Natural Vegetation (NV).

* Soil Organic Carbon (SOC), Bulk Density (p,), Electrical Conductivity (EC), pH, Available Water Capacity (AWC) were determined.

« DerSimonian Liard (DSL) meta-analyses model was computed using R 2.15.1

Hypotheses: Soil property characteristic values are higher in CT compared with NT.

It was tested using the Odds Ratio Function (OR) o< CT/NT ( p < 0.05).

If the OR > 1 then the hypothesis holds true.

NV had no crops, and was used as a control in the meta-analyses.

A multiple regression was computed to visualize the spatial variability of the OR.
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Table 1. Sampling locations, crop sequence, management practices in Ohio.

Soll type description follows the USDA soil classification system.
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Site Coordinates Soil Type Crop Sequence Management

Miami 40° 10 12” N, 84 °07°41.7” W CrA CcSC NV, NT, NTcc, CT 39°0'0"N+

Seneca (1) 41° 00’ 25” N, 85°16°21” W KbA CCS NV, NTccm, NTcc, CT ‘f,Wé?st"i?ifQ'i;ia

Seneca (2) 41: 12: 43: N, 82°°54,’ 39 W GWA csc NV, NTcc, CT TN R "“'*ihl.umﬁmg.;;"” L35e00N
Preble gg j?, 22,, E: 23 2(6), gé,, X & CtA ch NV, NT, CT S }’1 0 25 50 100 150 200 4“*@’\{?
Auglaize 40° 27° 345" N, 84 °26" 14.8” W P., c NV, NT, CT e, e e

CrA (Crosby silt loam)
kbA(Kibbie fine sandy loam)
GWA (Glynwood silt loam)

CT: Conventional Tillage
NT: No Till

NV: Natural Vegetation (e.g., forest)
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RESULTS & DISCUSSION
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Overall OR for SOC =0.57 i.e.
CT<NT 95%CI(0.3,61.11);

Odds Ratio

Overall OR for EC=1.36
CT>NT95% CI (0.88, 2.11)

Odds Ratio

Overall OR for bulk density= 0.84
i.e., CT< NT 95% CI(0.42,17)

Odds Ratio

Overall OR for pH = 0.81
CT<NT 95%CI(0.59,113)

Overall OR for AWC = 0.69
CT<NT 95%CI(0.08,66.2)

Figure 2. Plots for combined and individual Odds Ratio (OR) for the soil properties. Soil from Seneca (site 1), Seneca (site 2), Miami, Preble and
Auglaize sites were sampled at depths of 0 to 10 (shown as 10), 10 to 20 (20), 20 to 40 (40) and 40 to 60 (60) cm
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Figure 3. Spatial variation of soil properties. The data on the Y-axes are logarithm to the base 10 of Odds Ratio (OR).

Table 2. Overall Odds Ratio (OR) for selected soil properties.

Longitude (W)

Soil Properties

Odds Ratio o CT/NT

What could contribute to these differences?

SOC CT <NT (OR =0.57) litter removal (CT), micro-climate dynamics and aeration influencing soil biota activity (e.g., respiration)
EC CT>NT (OR =1.36) higher Na in CT than NT

Py CT < NT (OR =0.84) CT soils have less bulk density than NT

pH CT <NT (OR =0.81) high soil Fe3*, Mn?*, AI3* in CT , therefore lesspH in CT

AWC CT <NT (OR =0.69) NT had more storage pores (0.5-50 pum)

OR results (Table 2) show that SOC under CT management was lower than that under NT (0.57), a phenomenon
attributable to relatively higher surface litter oxidation or removal by accelerated erosion under CT.

* OR for EC (1.36) points to a higher EC under CT than NT managed soil, suggesting that CT had a relatively higher

quantity of soluble salts, higher clay content or higher soll fertility.

 Soil p, under CT management was slightly lower than that under NT probably because of: (i) different vehicular traffic or

welght of machinery (axle load) creating a variable degree of soil compaction, (i1) different cropping patterns which may
have dissimilar soil strength-plant root dynamics within the soil, and (i11) unsimilar freezing/drying weather conditions or
microclimate.

* AWC had OR of 0.69, implying a lower AWC in soil under CT than NT, despite soil under CT having low p, (OR = 0.84).

CONCLUSION

The data presented show significant differences In soil properties among management scenarios, and depths, and
demonstrated the potential of meta-analyses to conduct comparative assessments for soil properties: (1) within each soil layer,
(11) the whole profile and (ii1) for visualizing the spatial variability for each of these soil properties. Soil properties had
different depth distributions across the soil profile. However, based on the combined assessment through meta-analyses, soils
under CT appeared to be of relatively lower quality than those under NT because of lower SOC, and AWC, but higher EC or
salinity. The p, and SOC concentration of soil under CT were lower than those under NT management. Future research will
explore the potential of meta-analysis In assessing soil property variability with changes In topography, rainfall and
temperature.
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