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Executive Summary:


Based on the SAS analysis of the test variables studied, further testing is warranted for the bulk density to better investigate the possible relationships between saturated soil infiltration rate tested in the summer and bulk density and EMI and bulk density.
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Introduction
Data has been collected by several researchers over multiple years to analyze the overall rainfall/runoff dynamics at the head of the Clear Creek Watershed in Iowa County, Iowa. The project group was able to obtain subsets of data that were collected for multiple research purposes. They include the following soil property variables: saturated soil infiltration rate, Electro Magnetic Induction (EMI) and Bulk Density (BD). In addition, the samples were collected across three different land management practices: Conservation Resource Program (CRP) grassland; beans planted under conventional tillage; and beans planted using no till methods. The goal of this study is to analyze the supplied variables and land management practices for possible relationships and to provide avenues for more testing of the variables involved.
The original purpose of the infiltration study was to investigate the role that ground slope has on rates of infiltration under the different land management practices and to investigate if these rates change with the seasons (summer vs. late fall, herein referred to as INFLS and INFLF). Additional data (EMI and BD values), collected by other researchers for other purposes, was subsequently made available to the original investigation team for Clear Creek.  Because the additional data is somewhat limited, this should only be considered a pilot study to determine if this subject may warrant further study. 

Variables & Testing

Infiltration is the rate at which water can be absorbed into the ground (soil).  It is primarily a function of the soil composition (clay, silt and sand content) and soil structure.  The rate of infiltration typically increases until the ground is saturated, at which point, the rate stabilizes.  The units are micrometers of water per second. A double ring infiltrometer was the device used to measure the rate of infiltration.  It consists of a metal ring that is filled with water.  Electrical probes monitor the level of the water in the ring.  When the water falls below a certain level, the probes signal the opening of a valve, which refills the ring with a certain depth of water as indicated by the position of the second probe.  The time between refills is automatically recorded, and the rate of infiltration is recorded. A second outer ring is kept full throughout the test to ensure that the infiltration occurring is only in the vertical direction.
Electromagnetic Induction is a measure of the resistivity of the soil and is primarily thought to be a function of the clay and water content of the soil.  It is measured using a non-intrusive probe that sends an electromagnetic field into the soil.  Sensors from the probe are able to detect the resistivity of the soil by measuring the strength of the resultant field.  In general, resistivity increases with a decrease in water content.

Bulk Density is a measurement of the density, in mass/volume, of the soil as it is found in its natural state.  It includes the mass of the water in the soil.  The samples were collected using soil cores and the measurements were at each soil horizon (these were identified by the researcher and are not continuous across the study area).  For purposes of continuity, the weighted averages of the top 30cm were calculated (it has been shown that infiltration rates determined from double ring infiltrometers are only effective to 30 cm in soil depth). 
SAS Analysis & Results

To examine the data collected from the fieldwork, the statistical package SAS 9.1 was chosen, due to the researchers’ familiarity and the capabilities needed. For statistical analysis, two main approaches were chosen. For the continuous quantitative variables, the results were correlated by test type, to see if there was any evidence of a relationship between any two of the four soil properties. Along with correlation tests, regression analysis was performed on the relationship to check the linearity of any possible relationship, including the generation of predicted values with residuals and residual and scatter plots. The second main approach was to perform one-way ANOVA tests on each quantitative variable to test the variability between land use management practices, to see if there are significant differences between the land use management practices. Where significant differences are indicated, Bonferroni T-tests will be performed to see which land practices exhibited significant differences.
The beginning of the SAS statistical work began with changing of the line size of the output data, to better facilitate report generation. The data from the fieldwork was then entered to SAS by manually entering each line of results (with each line representing a testing location in the three land use management practice fields examined). The key to entering the data into SAS was the delimiter-sensitive data option (dsd) on the infile statement. The dsd command allowed SAS to understand the use of two consecutive commas in a row as a missed data entry (of which there were many, due to the limited testing data available). Once the data had been entered into SAS, it was sorted using the proc sort command, with the sorting variable being the land use management practice.
The analysis of the data began with the proc univariate procedure for the four continuous quantitative variables, separated by the land use practice. This procedure provided the mean, standard deviation, five-number summary, stem plot, and box plot for the desired variable, broken down by land usage. Besides generating the summary data for each variable by land use, the standard deviations and stem plots generated were used later to check the validity of the data for application of the assumptions that allow for the use of the ANOVA tests. 

The next step of the analysis was to perform the six correlation tests between each of four quantitative variables. The correlation tests results revealed the following sample correlation coefficients: 
	Soil Parameter 1
	Soil Parameter 2
	R

	INFLS
	INFLF
	-0.06515

	INFLS
	EMI
	-0.04994

	INFLS
	BD
	-0.45819

	INFLF
	EMI
	0.20706

	INFLF
	BD
	-0.22477

	EMI
	BD
	0.56244


 The above table shows very weak negative correlations between INFLS and INFLF and INFLS and EMI. We see slightly stronger, but still weak correlations between INFLF and EMI and INFLF and BD (the first being a positive correlation, the second being a negative correlation). For INFLS and BD, we see a stronger correlation that the four already mentioned, with the correlation being negative. The last correlation, between EMI and BD, is positive and also the strongest correlation of the six. Given the number of samples for each land use management practice for BD (9, 10, and 8 samples for CRP, No Till, and Till respectively); no correlations were expected to be definitive. However, the high values by comparison for BD for INFLS and EMI suggest a starting point for further testing to hopefully correlate some of the tested soil parameters.
With the correlation tests performed, the next step was to perform the regression tests to examine the equations expected from a linear relationship between two of the quantitative variables, along with the predicted values and residuals from those equations. The regression tests yielded the following equations and R2 values:
	Soil Parameter 1
	Soil Parameter 2
	Intercept
	Slope
	R2

	INFLS
	INFLF
	17.48997
	-0.11753
	0.0042

	INFLS
	EMI
	15.66608
	-0.08477
	0.0025

	INFLS
	BD
	138.11597
	-95.7348
	0.2099

	INFLF
	EMI
	5.74546
	0.2226
	0.0429

	INFLF
	BD
	46.91693
	-25.45107
	0.0505

	EMI
	BD
	-46.30038
	67.06352
	0.3163


The above table reiterates the fact that none of the relationships between the quantitative soil variables show a definitive linear trend. As expected, the correlations that showed the strongest strength from above have the lowest residual value. Overall, a quick glance over the residuals shows that they can get rather large (the highest being ~76). Once the regression analysis was done, the scatter plots and residual plots were generated to provide more concrete visual evidence of the strength (or, more appropriately, the lack of strength) between the sets of soil variables. 
Once the correlation and regression analysis had been performed, the ANOVA analysis was begun. The rules of thumb were checked for each case based on the proc univariate data gathered earlier, and the results are below:
	
	2 * small std. dev. ≥ large std. dev.
	
	

	Soil Parameter
	
	Sample Sizes
	Normal Shape

	INFLS
	Y
	Y
	N

	INFLF
	N
	N
	N

	EMI
	N
	Y
	N

	BD
	N
	N
	N


From above, the data does not follow the necessary rules of thumb usually expected of data for the ANOVA tests. This was expected given the limited testing done for some of the soil variables, and it is expected that larger sample sizes would improve this. Despite the results of the rules of thumb, the ANOVA tests were run to determine the variability between the three land use management practices for the four variables. The results of the four ANOVA tests are below: 

	Soil Parameter
	F value
	p

	INFLS
	0.4
	0.673

	INFLF
	2.78
	0.1016

	EMI
	86.58
	0.0001

	BD
	4.82
	0.0174


The results from the ANOVA test show no significant differences between the different land use management practices for the saturated soil infiltration rate for the summer or the fall. The electromagnetic induction and the bulk density do show strong evidence of differences between the management practices. To get a better idea of the differences between the management practices, Bonferroni t-tests were run for all for ANOVA tests (with full knowledge that nothing should be shown for the two infiltration variables). For the electromagnetic induction ANOVA test, none of the land use management practices showed a link to one of the other two. The bulk density’s Bonferroni test revealed that there are significant differences between the CRP and no tillage, and the CRP and tillage. Currently, the experimenters do not have an explanation for the occurrence of strong differences for the electromagnetic induction or the bulk density. 
Conclusions

Due to the pilot nature of the testing, it was assumed that the data would not support definitive conclusions about variable relationships. This assumption was validated by the test SAS results – no definitive relationships were discovered. However, the correlations between INFLS and BD and between EMI and BD are high enough to suggest further testing, considering the small test size of the BD testing. Of course, due to the high cost of the core sampling performed to obtain the bulk density, more funding will need to be secured before testing can continue. From the ANOVA tests, no definitive differences were determined for the different land use management practices across the four quantitative variables. The EMI revealed significant differences for the three land use management practices, with Tillage having the highest mean. From previous work, EMI is understood to be related to soil clay content and water content. It is possible that these values differ over the land use management practices, or that the water content was different due to difference in the testing time. Further determination will require testing for the clay content over the land practices and water content tests carried out simultaneously over the land use management practices.  The second revealed set of significant differences was for BD, which had differences between CRP and No Tillage and CRP and Tillage. Possible explanations for these differences are compaction due to the equipment needed to harvest beans and possible differences in root structure between CRP and beans. Again, testing of these explanations will require further testing. 

Overall, the purpose of the pilot study was examine the possibility of relationships between the four quantitative soil variables (INFLS, INFLF, EMI, and BD) over the three land use management practices (CRP, No Till, and Tillage) and to examine avenues for further testing. While no definitive relationships were revealed, the results showed evidence worth further study and testing, both for the quantitative variables and the land uses, making the pilot study a success. 
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