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Abstract

For the purpose of giving feedback on the soil characteristics of 21 Acres-Plot D, twelve soil samples were examined.  Six of the samples were taken on February 4, 2010 (Samples A) and six samples were taken on March 13, 2010 (Samples B), both goups from various spots throughout the plot.  The analysis was conducted on the hydraulic properties, which included gravimetric water content, volumetric water content, porosity, and saturation.  In addition, the pH and the texture characteristics were analyzed.  A statistical analysis of the data was performed to determine the mean values and their standard deviations.  The mean pH level was found to be on the acidic side at 5.5 with a standard deviation of .46.  The hydraulic properties were found to have fairly high variability, particularly the volumetric water content (mean= 51.5, s= 14.74) and saturation (mean=79.83, s= 27.66).   In addition, an ANOVA single factor analysis was conducted to determine if there is a statistically significant difference between the means of both sample groups for all of the hydraulic properties and the pH.  At the alpha level .05 it was determined that the difference in pH levels and the porosity of the two groups are statistically significant. It was found that there is no statistical difference in the volumetric water content, gravimetric water content and the saturation means of the two groups.     

Introduction

The organic produce farm, 21 Acres, located in Woodinville, WA has around 10 plots growing a variety of produce.  It is a non profit organization that promotes sustainable agriculture.1  This study was conducted on the soil characteristics of Plot D.  There is substantial spatial variability with visible moisture difference from one end to the other with standing water pooling at the eastern end of the plot lasting for extended periods of time.  This farm has seen considerable changes over the years from the glaciation period and settlers to flooding and peripheral development.1
This particular study was performed to identify soil characteristics and variability across the plot in order to allow for better farming decisions that could range from planting different types of crops across the space to adding lime to the soil to reduce acidity. The data could lead to farming decisions that could improve the soil quality and ultimately improve crop yields.  In conducting this study two main questions were examined; what are the soil characteristics (hydraulic, texture, and pH) and what are the main differences between the two sample groups taken a little over a month apart?

Many factors determine the characteristics and quality of soil.  Some of these factors include permeability, soil texture, and porosity.2  Permeability is the rate at which water moves through soil and is largely determined by the amount of space between particles.  This space is affected by the soil texture.2 Soil texture is affected by the proportion of  sand, clay, and silt and their size.  The different textures and different sized structures influence water’s ability to pass through.2  Water content, or lack thereof, in soils play an important role in plant success. 

In addition to texture and permeability, pH level is significant, especially in determining nutrient availability.  The optimal pH range in plants is between 5.5-7.5.2  When pH levels are too acidic the availability of toxic metals is increased, particularly Aluminum.2  Lime is often added to increase the pH of acidic soils and wood ash can also be added.2  Because of the amount of rain that reaches western Washington, the soils tend to be on the acidic side caused by acid rain. 

Methods

On February 4, 2010, six soil samples were taken from Plot D from various locations, referred to as group or samples A.  The second set of six soil samples was taken on March 13, 2010, these will be referred to as group or samples B.  The soil was placed in aluminum cans with lids on them.  The aluminum cans were either 110ml in volume or 150 ml in volume and soil volume calculations were performed based on those volumes.  The group that was collected on February 4th was placed in zip locked bags and left outside until both sample groups were analyzed on March 13, 2010.  Sample group B was analyzed the same day it was collected.  All twelve samples were taken from the surface soils no deeper than 3-4 inches.

On March 13th the twelve samples were analyzed for texture characteristics and pH level, and a portion of each sample was placed in a tin for drying.  Each tin was weighed before the soil samples were placed in them.  Then, the tin and the soil sample for all twelve samples were weighed before and after the drying ovens.  Sample group A went in the oven at approximately 11:05am on March 13th and was taken out of the oven at about 3:30pm on March 14th.  Group B went in the oven at about 3:00pm on March 13th and were also taken out of the oven at 3:30pm on March 14th. The oven was set to 40 degrees Celsius. Again, the samples were individually weighed after they came out of the oven and the weights of the tins were accounted for in all weight analyses. 

The other portion (those portions not placed in tins for drying) of the soil samples had their texture and pH levels examined, referred to as wet samples.  A qualitative description of each of the twelve wet samples was written down based on each samples’ texture characteristics.  A second texture analysis of the twelve samples was conducted on March 19th, 2010 on the dry samples by adding water and using feel to help finalize their texture characteristics. The wet samples’ pH levels were taken on March 13th.  Each sample portion was placed in a 250mL beaker with approximately 50mL of deionized water mixed thoroughly in with the sample to create a slurry.  The pH meter was then placed in the beaker until a pH reading held constant for 15-30 seconds. Both the beaker and pH meter probe were rinsed with deionized water in between measurements.  The pH meter was not initially calibrated for samples A1-6 and B1-2.  The pH meter was then calibrated to a pH of 7.0 (from a standard solution reading of 6.5) requiring the first 8 samples to be back calibrated by a pH of .5, meaning .5 was added to the first eight pH tests.  Then after samples B3-5 were conducted, a second calibration was performed to ensure accuracy, particularly because of the low pH level of B5.  The pH meter was accurate and no adjustments were needed after the second calibration check.  The remaining sample was then measured for pH. 

In the statistical analysis the means and standard deviations of all properties were calculated.  In addition, an ANOVA statistical analysis was performed for all properties comparing the means of the two groups.  This was done to find out if there were any statistically significant differences between the two sample groups at a 5% alpha, as they were collected over a month apart.  The ANOVA test looks at each property or single factor one at a time and gives a F critical value and compares that with a F ratio.  If the F ratio is greater than the F critical value than the null hypothesis, no difference between the group means, is rejected.  The corresponding p-value would then be less than the 5% alpha.

Results 
The hydraulic properties of the soil samples on Plot D were quite variable.  The gravimetric water content ranged from a low of .103 to .251 with a mean value of .176 and a standard deviation of .044.  Porosity ranged from a low of 57% to a high value of 72% with a mean of 65.4% and a standard deviation of 3.92.  The volumetric water content had a mean of 51.5% with a standard deviation of 14.74.  The interesting values lied in the saturation percentages.  Sample A4 and A5 show values above 100% which suggests a possible error in the calculations.  The mathematical calculations were rechecked and sufficed.  However, there is likely a problem with the calculations of the volume measurements.  While the qualitative descriptions of those samples state “very moist” and “shiny”, a saturation of over 100% isn’t feasible.  Furthermore, sample A5 was collected near the standing water at the end of Plot D where drainage is visibly a problem so a high saturation rate would be expected.  Figure 1 plots the porosity, saturation and volumetric water content of the samples.  This figure shows the negative correlation between porosity and saturation/volumetric water content up until the last few samples.  It also displays the corresponding relationship between saturation and volumetric water content. 
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Figure 1 charts the saturation and volumetric content of the twelve samples on the primary axis and the porosity percentages on the secondary axis.  

The pH values ranged from a low of 4.7 and high of 6.0 with a mean value of 5.5 and standard deviation of .46.  Following is chart with the hydraulic property values and pH levels for all twelve samples (Table 1):
	Soil Sample
	pH
	Gravimetric Water Content
	Porosity %
	Volumetric Water Content %
	Saturation %

	A1
	5.9
	0.103
	65
	41
	63

	A2
	5.9
	0.232
	63
	48
	76

	A3
	6.0
	0.163
	68
	40
	58

	A4
	5.9
	0.219
	60
	66
	110

	A5
	5.6
	0.251
	57
	85
	150

	A6
	5.7
	0.173
	66
	54
	81

	B1
	5.4
	0.141
	68
	35
	52

	B2
	4.8
	0.151
	67
	36
	54

	B3
	5.8
	0.145
	66
	46
	70

	B4
	5.0
	0.205
	67
	48
	72

	B5
	4.7
	0.190
	72
	67
	94

	B6
	5.3
	0.138
	66
	52
	78

	Mean
	5.5
	0.176
	65.4
	51.5
	79.83

	SD
	0.46
	0.044
	3.92
	14.74
	27.66


Table 1 gives the hydraulic property values and pH levels along with their means and standard deviations.  
The pH levels of the soil samples across Plot D were quite variable.  Figure 2 illustrates the variation in pH levels.  Table 1 illustrates the means and standard deviations of all twelve samples.  Table 2 breaks up the two groups and calculates their means and standard deviations separately.  
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Figure 2. This bar chart shows the pH levels of each of the samples.  Samples B1-6 are labeled 7-12 in this chart.  (B1-7, B2-8,B3-9,B4-10,B5-11, and B6-12)

	Soil Sample
	pH
	Gravimetric Water Content
	Porosity %
	Volumetric Water Content %
	Saturation %

	A1
	5.9
	0.103
	65
	41
	63

	A2
	5.9
	0.232
	63
	48
	76

	A3
	6.0
	0.163
	68
	40
	58

	A4
	5.9
	0.219
	60
	66
	110

	A5
	5.6
	0.251
	57
	85
	150

	A6
	5.7
	0.173
	66
	54
	81

	MEAN
	5.8
	0.190
	63.2
	55.7
	89.7

	SD
	0.2
	0.055
	4.1
	17.3
	34.7

	 
	 
	 
	 
	 
	 

	B1
	5.4
	0.141
	68
	35
	52

	B2
	4.8
	0.151
	67
	36
	54

	B3
	5.8
	0.145
	66
	46
	70

	B4
	5.0
	0.205
	67
	48
	72

	B5
	4.7
	0.190
	72
	67
	94

	B6
	5.3
	0.138
	66
	52
	78

	MEAN
	5.2
	0.162
	67.7
	47.3
	70.0

	SD
	0.4
	0.028
	2.3
	11.8
	15.6

	 
	 
	 
	 
	 
	 

	Mean
	5.1
	0.168
	60.9
	49.4
	77.31

	SD
	1.50
	0.052
	16.75
	16.44
	28.36


Table 2 shows the means and standard deviations of the two sample groups separately for the 5 properties. 
In performing the texture analysis on the twelve samples none of those samples were able to form a ribbon longer than an inch.  They all broke at less than an inch or couldn’t form one at all.  This put the soil textures in the area mostly of sandy loam or silt loam.  The soils were all dark brown in color as wet samples with different degrees of visible moisture content and visible degrees of sand content.  Of the twelve samples A4-5 and B5 have the least amount of sand with no easily seen sand, while the other samples were very similar in color and texture and had visible sand grains.  In the flowchart by Thien, SJ (1979), all samples fall within the sandy loam and silt or silt/loam categories with perhaps the exception of samples A4-5 and B5 which seem to be the smoothest in texture and were the lightest in color after drying, grayish light brown color.  Without equipment to perform a quantitative analysis, the soil texture was fairly difficult in producing accurate and precise results.  In going strictly by feel, the best proportional analysis would be in the range of 10-30% for sand in the samples, and the remaining 70-90% being a combination of silt, loam, clay.  The sample with the lowest level of sand would be A5. (SEE APPENDIX A)
In comparing the means of the two sample groups for all properties it was found that there is a statistically significant difference between the two groups in their pH and porosity.  The F critical value of the pH ANOVA test was 4.96 and the F ratio was 13.79 with a p-value of .004.  Therefore, at the 95% confidence level the mean difference between pH levels amongst the two groups is not just chance.  The mean porosity percentages between the two groups also showed statistically significant differences in their two means.  The F critical value was 4.96 and the F ratio was 5.62 with a p-value of .039.  Therefore, the null hypothesis is rejected. (SEE APPENDIX B)
Discussion
The soil on Plot D indeed has great variability.  The variability amongst the pH, textures and water content is apparent from the data collected in this study.   Across the plot there are obvious high and low spots and wetter and drier spots, this is most likely due to the lack of homogeneity of soil content across the plot. In examining the hydraulic properties across the plot certain areas have nearly twice the amount of saturation than others. (SEE APPENDIX C) This difference in water in the soils is largely determined by the proportional make up of silt, loam, sand, and clay.  Where water is standing or where the soils have higher moisture contents there will be a lower percent of sand and a greater percent of silt and clay, since the finer textures will hold more water. By adding soil structure with greater permeability to those areas will reduce the standing water and puddling, creating a better environment for plant propagation and growth.2
Furthermore, typically plants consume from 0.1 to 0.3 inches of rain or irrigation per day.2  Loams will hold between .8 and 2 inches per foot of soil, sandy soils will hold .5 to 1 inch per foot and clays will hold the most at 1.3 to 2.4 inches per foot of soil.2  In areas where there is a higher proportion of clay it would be beneficial to mix in material with greater structure size such as loams or sands.  Because of the extent of the variability of Plot D it may be beneficial to invest in thoroughly mixing the top six inches of the entire plot to give it a more consistent proportion soil texture while adding additional loam or sand to the needed areas.  This should give a more consistent crop yield long term.  

The other property to be addressed is pH.  The pH levels of Plot D, based on this analysis, are acidic and bordering on being too acidic in some areas.  In running the ANOVA test there was statistical significance in the pH difference between the two sample groups.  Initially, there was concern that the original six samples (that weren’t tested for over a month after being collected) could give some skewed pH readings due to microbial activity.  However, the mean pH level with the most variance was sample group B with a standard deviation of 1.5 as compared to sample group A with a standard deviation of .2.  This suggests that many areas of this plot could use corrective action.  Lime or wood ashes can help to reduce the acidity and raise the pH levels.  This action along with the thorough mixing may be very beneficial to overall crop yields and reduce the risk of metal toxicity despite the initial expense of these actions.  
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APPENDIX A:  The following qualitatively describes each of the twelve soil samples.

A1  Dark brown in color, not real moist, crumbles easily, doesn’t make a 1 inch ribbon, few roots, small short sticks, very fine grittiness, no visible large pieces of sand, neither grittiness or smoothness dominates.  

A2 Dark brown in color, visible signs of sand and grass, moister than A1, roots present, moist to touch. Dried in a solid clump, dried lighter in color than A1, grayish brown.  More sand than A1.

A3 Dark brown in color, drier than A2, small fine roots, barely makes a 1 inch ribbon, grittier than A1. Visible sand, quite gritty, perhaps 50-50.

A4 Manure smell, very dark and moist, grass and fine roots present, didn’t crumble much, shiny from moisture, poor ribbon, falls apart <1 inch, not as gritty as othe samples, mostly melts away with water.  Dried in a solid piece, not crumbly, faint in color grey brown, similar to A2 but darker in color, most of it melts away.

A5 Moist looking, some roots, came out of aluminum can in one clump, harder to get out of tin than others, stick, worm present, very smooth, cant’ make ribbon, minimal grittiness.  Similar color as A2 when dry but no visible sand particles, lightest in color of all samples of this group, strongest dried clump, very fine pieces of sand, smooth feeling, <20% sand.

A6 Very moist, dark brown, roots present, no ribbon, loamy sand, orange brown in color when dried, visible sand particles, not real crumbly, gritty and over half melts away.

B1 Dark brown in color, not real moist, crumbles easily, doesn’t make ribbon, too crumbly, few roots present, small sticks, gritty yet silky smooth, visible sand, perhaps 50-50.

B2 Dark brown, not moist, crumbly, no ribbon, not very gritty, melts away. Slightly lighter in color than B1 when dried, more clumped together than B1, fine roots, visible sand perhaps 40-60.

B3 Dark brown, crumbly, no ribbon, few roots, color between B1 and B2 when dried, not as crumbly as B1 but more than B2, fine roots, finer grit than B2, <40% sand.

B4 Less crumbly, dark and very moist, small roots, barely makes 1 inch ribbon, very little grit, mostly melts away.  Lighter in color than 1,2, or 3 when dry, fine roots, fine sand, <30% sand.

B5 Big clump, dark and very moist, barely makes ribbon, small roots, melts away, hardly any grit <20% sand, lighter in color than B1 and B2 when dried.

B6 Not as moist as B5, little crumbly, dark brown, no 1 inch ribbon, not very gritty.  Visible sand particles, some cohesion, some fine grit, slightly orange brown when dried.  

APPENDIX B:  The following tables show the ANOVA results for pH, gravimetric water content, porosity, volumetric water content and saturation.  

	Anova: Single Factor
	
	
	
	
	
	

	pH
	
	
	
	
	
	

	SUMMARY
	
	
	
	
	
	

	Groups
	Count
	Sum
	Average
	Variance
	
	

	Column 1
	6
	35
	5.833333333
	0.022666667
	
	

	Column 2
	6
	31
	5.166666667
	0.170666667
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	Source of Variation
	SS
	df
	MS
	F
	P-value
	F crit

	Between Groups
	1.333333333
	1
	1.333333333
	13.79310345
	0.004015377
	4.964602701

	Within Groups
	0.966666667
	10
	0.096666667
	
	
	

	
	
	
	
	
	
	

	Total
	2.3
	11
	 
	 
	 
	 

	
	
	
	
	
	
	


	Anova: Single Factor
	
	
	
	
	
	

	Gravimetric Water Content
	
	
	
	
	

	SUMMARY
	
	
	
	
	
	

	Groups
	Count
	Sum
	Average
	Variance
	
	

	Column 1
	6
	1.141
	0.190166667
	0.002982567
	
	

	Column 2
	6
	0.97
	0.161666667
	0.000811867
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	Source of Variation
	SS
	df
	MS
	F
	P-value
	F crit

	Between Groups
	0.00243675
	1
	0.00243675
	1.284381506
	0.283525482
	4.964602701

	Within Groups
	0.018972167
	10
	0.001897217
	
	
	

	
	
	
	
	
	
	

	Total
	0.021408917
	11
	 
	 
	 
	 

	
	
	
	
	
	
	


	Anova: Single Factor
	
	
	
	
	
	

	Porosity
	
	
	
	
	
	

	SUMMARY
	
	
	
	
	
	

	Groups
	Count
	Sum
	Average
	Variance
	
	

	Column 1
	6
	379
	63.16666667
	16.56666667
	
	

	Column 2
	6
	406
	67.66666667
	5.066666667
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	Source of Variation
	SS
	df
	MS
	F
	P-value
	F crit

	Between Groups
	60.75
	1
	60.75
	5.61633282
	0.039285259
	4.964602701

	Within Groups
	108.1666667
	10
	10.81666667
	
	
	

	
	
	
	
	
	
	

	Total
	168.9166667
	11
	 
	 
	 
	 

	
	
	
	
	
	
	


	Anova: Single Factor
	
	
	
	
	
	

	Volumetric Water Content
	
	
	
	
	

	SUMMARY
	
	
	
	
	
	

	Groups
	Count
	Sum
	Average
	Variance
	
	

	Column 1
	6
	334
	55.66666667
	297.8666667
	
	

	Column 2
	6
	284
	47.33333333
	138.2666667
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	Source of Variation
	SS
	df
	MS
	F
	P-value
	F crit

	Between Groups
	208.3333333
	1
	208.3333333
	0.955365332
	0.351410153
	4.964602701

	Within Groups
	2180.666667
	10
	218.0666667
	
	
	

	
	
	
	
	
	
	

	Total
	2389
	11
	 
	 
	 
	 

	
	
	
	
	
	
	


	Anova: Single Factor
	
	
	
	
	
	

	Saturation
	
	
	
	
	
	

	SUMMARY
	
	
	
	
	
	

	Groups
	Count
	Sum
	Average
	Variance
	
	

	Column 1
	6
	538
	89.66666667
	1205.866667
	
	

	Column 2
	6
	420
	70
	244.8
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	Source of Variation
	SS
	df
	MS
	F
	P-value
	F crit

	Between Groups
	1160.333333
	1
	1160.333333
	1.599724265
	0.234622414
	4.964602701

	Within Groups
	7253.333333
	10
	725.3333333
	
	
	

	
	
	
	
	
	
	

	Total
	8413.666667
	11
	 
	 
	 
	 

	
	
	
	
	
	
	


APPENDIX C:  This image reflects the approximate location of the sampling locations.  The right side of this image is east, where the pooling water is located.  
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