21 Acres Soil Assessment Deliverable
By: Martin Herrin, Aileen Ponio, and Melody Hearten-Johnson
Introduction:

When we first set out on this journey to 21 Acres our goal was to create a recommendation for 21 Acres to improve the quality of their soil.  Our goal became pointed to three fields as we found out the soil quality was different in varying areas of the farm.  Our contact with Vincent Felice gave our team the hands-on perspective that we hope our deliverable will provide.  
Questions we will address in this deliverable include: How can we increase the stability of the soil? What nutrients are the fields lacking? How has the difference in cover cropping Field 2 for only 2 years enhanced the richness of the soil compared to Field 1 which was cover cropped for 1 year?  Among the numerous perspectives we have investigated regarding soil treatment; our intention is to give an organic, sustainable and authentic approach to cultivating productive soil.
Our understanding of 21 Acres is central to the recommendation we are providing.  We know 21 Acres is a bio-diverse farmstead, with trails for physical activity, and cultivated farm plots used to demonstrate sustainable and organic farming practices.  Our recommendation is cognizant of these aspects and we excitedly include the values of 21 Acres for making local, sustainable-grown food a cornerstone of healthy lifestyles and communities.  We hope as an end result to our findings that 21 Acres will begin to see an increased quality to their crops and richness in their soil.

Methods: 

Our testing incorporated scientific research procedures.  The main testing resource we consulted was the LaMotte Soil Testing Kit and LaMotte Soil Handbook.  Our recommendations and literature on importance were found using LaMotte Soil Handbook, scholarly journals online from other Universities, and online companies promoting sustainable organic farming practices. 
Our core sampling technique was developed with a creative and trial and error methodology.  Our first run at core sampling taught our team greatly about the need for multiple samples from each field and proper soil extraction and refrigeration.  Our method included taking 3 equal samples from each field and refrigerating the sample until its testing shortly later.  
After returning from 21 Acres with our prized dirt we used the chemicals and solutions from the LaMotte Soil Testing Kit to determine the levels of pH, phosphorus, potassium, Nitrate Nitrogen, and Ammonium Nitrate, and Humus.  The methodology we used for testing the texture, was written by U.S. EPA Design Manual. The procedures characterize the soil in terms of sand, clay, silt properties (See Results) also; under a microscope the presence of nematodes was discovered.
Site Map

Figure 1 displays the locations of our sampling sites.
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Figure 1.  Site map of 21 Acres showing sampling locations.

Results:
pH Tests
Field 1

Site a - pH = 5.0 - 5.2

Site b - pH = 5.2

Site c - pH = 5.1

                        Overall Too Acidic, some action required

Field 2

Site a - pH = 5.8 - 6.2

Site b - pH = 6.2 - 6.4

Site c - pH = 6.0 - 6.2

                        Overall Slightly Acidic, no change needed

Field 3

Site a - pH = 6.0

Site b - pH = 5.8 - 6.2

Site c - pH = 6.0

                        Overall Moderately Acidic, monitoring recommended

Phosphorus Tests - recorded in pounds per acre (lb/a)

Field 1

Site a - 25 lb/a

Site b - 75 lb/a

Site c - 75 lb/a

Field 2

Site a - 25 lb/a

Site b - 25-50 lb/a

Site c - 75 lb/a

Field 3

Site a - 75 lb/a

Site b - 75 lb/a

Site c - 25 lb/a

Potassium Tests - recorded in pounds per acre (lb/a)

Field 1

Site a - 160 lb/a

Site b - 180 lb/a

Site c - 150 lb/a

Field 2

Site a - <100 lb/a

Site b - <120 lb/a

Site c - <100 lb/a

Field 3

Site a - 110 lb/a

Site b - 130 lb/a

Site c - 120 lb/a

Nitrate Nitrogen Tests - recorded in pounds per acre (lbs/a)
Field 1

Site a – 40 lb/a

Site b – 40 lb/a

Site c – 40 lb/a
Field 2

Site a – 20 lb/a

Site b – 40 lb/a

Site c – 20 lb/a

Field 3

Site a - 40 lb/a

Site b - 40 lb/a

Site c- 20 lb/a
Ammonia Nitrogen

Field 1

Site A- Very Low

Site B- Very Low


Site C-Very Low 

Field 2

Site A- Very Low

Site B-Very Low


Site C-Very Low 

Field 3

Site A-Very Low

Site B- Very Low


Site C- Very Low 
Humus
Field 1

Site A: 1

Site B: 1

Site C: 2

Field 2

Site A: 1

Site B: 1

Site C: 1

Field 3

Site A: 1

Site B: 2

Site C: 2

Scale: 

1-low, 2-Medium, 3-High (Agricultural soils)

2-Low, 3-Medium, 4, high (Garden greenhouse soils)

3-Low, 4-Medium, 5-High (Organic soils)

Moisture and Texture

	Weights (g)
	Wet 
	Dry
	Totals
	Texture

	Field 1
	 
	 
	 
	 

	Site A
	171.7
	102.6
	69.1
	Sandy Loam

	Site B
	181
	107.1
	73.9
	Sandy Loam 

	Site C
	163.9
	85.9
	78
	Sandy Loam

	 
	 
	 
	 
	 

	Field 2
	 
	 
	 
	 

	Site A
	136.1
	89.7
	46.4
	Loam

	Site B
	144.5
	99.7
	44.8
	Silt Loam

	Site C
	158.7
	73.1
	85.6
	Sandy Loam

	 
	 
	 
	 
	 

	Field 3
	 
	 
	 
	 

	Site A
	162.6
	120.4
	42.2
	Loam

	Site B
	181.1
	119.9
	61.2
	Silt Loam

	Site C
	181.5
	118.2
	63.3
	Sand


Discussion & Recommendation:

pH
The ideal pH range for garden soil is 6-7. At this pH level, plants are able to draw adequate amounts of nutrients from the soil efficiently. When the pH level of the soil is out of this range, plants are not able to use the nutrients in the soil efficiently. So a garden with good levels of Nitrogen, Phosphorus, and Potassium may still not live up to expectations if the pH level is out of range.(1) Therefore, something should be done about the low pH of field one. Field two is fine, a slightly acidic pH is no problem. Field three is moderately acidic and should be monitored to make sure it does not become more acidic. Lime can be added to raise the pH, lowering the acidity of the soil.


Although soil with a pH under 5.5 is considered generally to be too acidic, there are plants that thrive in strongly acidic soils. Potatoes grow best in pH conditions from 4.8-6.5, Strawberries in 5.0-6.0, and carrots and lima beans prefer soil from 5.5-6.5 pH.(2)

Phosphorus 
Phosphorus in soil is essential for strong root formation and root system development. Phosphorus also contributes to quicker flower and fruit production by helping to protect the plant against disease and poor weather conditions.

According to the LaMotte Soil Handbook, all silt loam, sandy loam and clay loam should have at least 75 lb/a of phosphorus. Our results show that the fields are either just meeting the minimum requirement or low on phosphorus. For many crops, phosphorus levels of 150 - 300 lb/acre are desirable. This is especially more important in Northern states like Washington because of our shorter growing season.  Some options for this are to add steamed bone meal, phosphate rock, or bat guano to the fields. The addition of the bat house at 21 Acres should also be beneficial for soil nutrients!

Potassium 
Potassium is responsible for seed formation and germination in flowers, fruits, or vegetables. Obtaining maximum vegetable, flower, or fruit formation requires correct levels of potassium. Tomatoes, potatoes, eggplant, and beets thrive in high levels of potassium. Potassium is also needed for sugar formation in fruits and vegetables. Therefore, sufficient levels of potassium in garden soil will produce better-tasting fruits and vegetables.
Field 2 and 3 seem to be lower in potassium than field 1. They were both at the lowest range on the scale for the tests. Potassium levels less than 200 pounds per acre is considered a little low, and it is recommended that between 0.5 and 1 pound of potassium is added per 1,000 square feet of soil to increase levels.


Also of note is that potassium can be held in the clay of the soil, making it difficult to read with tests using soil extract, as we did. It is possible that there is actually more potassium in the soil then could be seen with our tests, and it may or may not be accessible by plants depending on the type and content of clay in the soil.  Some further analysis may be needed to more accurately recommend a solution to the low levels of potassium recorded in the tests. In general though, it would not hurt to add potassium.  A few organic ways to add potassium are by adding kelp meal, greensand, or sulfate of potash to the field. 

Nitrate Nitrogen
Nitrogen composes 80% of the earth’s atmosphere; however “free” nitrogen can only be used by legumes.  Through the interaction of Rhizobium bacteria in the soil and the plant root visible nodules are formed to make productive use of “free” nitrogen by crops in the legume family.  For all other crops, nitrogen is available in the soil through decomposition of organic matter.  Nitrogen stimulates the utilization of other essential nutrient elements and is a major component of essential compounds such as amino acids, nucleic acids, enzymes, and many vitamins.

There is disagreement in the science community regarding the validity of Nitrate Nitrogen testing.  Nitrate Nitrogen is a very mobile element and its availability changes rapidly.  Weather, irrigation and biological activity all affect the amount of nitrogen in the soil.  Due to Nitrate Nitrogen’s inconsistent behavior fertilizers should not be used.  Applying specific amounts of Nitrate Nitrogen fertilizers to the soil will not necessarily add the proper amount needed since accurate testing is not feasible. However, if crop quality is not desirable that is a standard indication of insufficient Nitrate Nitrogen levels.  Cover cropping the soil with sod, alfalfa, or mixed grasses significantly increase the amount of Nitrate Nitrogen in the soil.  To replace Nitrate Nitrogen in the soil consider rotating sod in and out of the crop fields every other year until the desired quality of crops is stabilized. 

Nematodes
One of the most important components of soil fauna is the presence of nematodes.  Nematodes naturally release nutrients in plant-available forms. When nematodes eat bacteria or fungi, ammonium (NH4+) is released because bacteria and fungi contain much more nitrogen than the nematodes require.  Nematodes are an excellent resource for Nitrogen production in the soil. Nematodes were found in the soil from 21 Acres which will help to increase the Nitrate Nitrogen level of the soil.
Ammonia Nitrogen
Ammonia nitrogen is another form of nitrogen.  Nitrogen’s role is important for many biological processes.  The fixation process is necessary to convert gaseous nitrogen into forms usable by living organisms. Most fixation is done by free-living or symbiotic bacteria. These bacteria have the nitrogenase enzyme that combines gaseous nitrogen with hydrogen to produce ammonia, which is then further converted by the bacteria to make its own organic compounds. 
Fertile sols may be expected to give low ammonia nitrogen test readings unless there has been recent application of nitrogenous fertilizer in forms other than nitrate.  The rapid disappearance of ammonia after fertilizer application indicates the desired transformation of the ammonia to the more available nitrate compounds.  In forest soils ammonia is the most abundant available form of nitrogen.  If there is a satisfactory rate of nitrogen transformation, the humus layers of a forst soil will produce very high concentrations of ammonia nitrogen.

Cover cropping or “green manure” is an ample solution to nutrient deficient soil.  Green manure is grown for a specific period, and then plowed under and incorporated into the soil.  Green manures usually perform multiple functions that include soil improvement and soil protection.  The use of leguminous green manures such as clover and vetch contain nitrogen-fixing sybiotic bacteria in root notules that fix atmospheric nitrogen in a form that plants can use.  Also, the use of green manures helps in improving water retention, aeration; bring up nutrient resources unavailable to shallower-rooted crops.  Some of the plants that can be used in this process are oats, rye, mustard, clover, fenugreek, lupin, and alfalfa, buckwheat and velvet bean.  Also, in addition to green manure is use of animal manures.
Humus
Humus consists of the complex remains of fresh plant and animal residue after extensive chemical and biological breakdown.  It accounts for 60-70% of the total organic carbon in soils.  It can modify the physical properties of soil, strongly affecting its chemical and biological properties.  The biochemical structure of humus allows it to be a buffer to excessive acid or alkaline soil conditions.  Mineralization process that converts raw organic matter to the relativity stable substance that is humus feeds the soil population of micro-organisms and other creatures, helping maintain high levels of soil life.  To help reduce humus deficiency composting or using barnyard manure can aid this problem.
Texture

The texture of soil is one of the most important physical properties of soil because it helps define the relationship between grain size and mineral particles in the soil.  Particles are separated according to size (called soil separates - clay, silt, and sand). The soil texture class (i.e. sand, clay loam, etc) corresponds to a particular range of separate fractions, and represented by the soil texture triangle (Fig. 2).
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(Fig. 2)
According the characterizations of each field (see Fig. 1 in Results), field one is characterized as Sandy Loam, which means that there is more sand and silt over clay.  In correlation with the weights, this shows us that this field can hold water, but during dryer seasons it will probably loose water faster than Field 2 and 3.  Field 2 and 3 are located within the same area (they are diagonal from each other, while field one is in a completely different area) where there soil characterization ranged from loam, silty loam, sandy loam and sand.  According to the soil triangle and soil weights we see that there are more clay properties in these fields, which allow for more water retention.  However, clay is inconsistent throughout a single field (i.e. Field 3).  Better crop rotation, sod, and tilling should help in mixing it up.

Conclusion

Overall, our research indicates that cover cropping will restore many nutrients lacking in the soil.  Fostering the growth of the soil nutrients through cover cropping will make the process sustainable and cost effective.  Cover cropping has already been used at 21 Acres and several differences can be seen in the comparison of nutrient quality in Field 1 and Field 2.  The proven differences between Field 1 and Field 2 are: pH is more stable in Field 2 and soil texture is richer in Field 2.  Potassium, Nitrate Nitrogen, Ammonia Nitrogen, and Nematodes are based on unverified results; therefore it is hard to determine proven differences in these categories.  To increase the Phosphorus, pH, Potassium, Humus, and Texture stability of all three fields we recommend the nutrient specific treatment, as guided above.  Hopefully the application process of cover cropping is feasible for your current work.  Take care and good luck with your harvest!
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