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1. Overview

1.1. Soil nutrient analyses can be carried out to extract three major soil macronutrients, nitrogen, phosphorus, and potassium, and combine them with color-based reagents to determine their concentration. 
1.1.1. Title Slide.

1.2. Nitrogen, phosphorus, and potassium are major components of soil fertilizer. Knowing their concentration in soils can inform environmental scientists of nutrient deficiency or surplus in soils used to support plant production, and provide a general insight into the basic biogeochemical cycles of an ecosystem (1.2.1).
1.2.1. See storyboard.

1.3. Soil nutrient analysis can be carried out using chemicals to bind the macronutrient of interest. For nitrogen or phosphorus, reagents are added which react to the presence of the specific macronutrient and produce colored products. Potassium concentration is determined by forming precipitates in an amount proportional to potassium concentration. (1.3.1). The intensity or turbidity of these products can then be quantified using a color comparator, or a turbidity dipstick (1.3.2).
1.3.1. See storyboard.

1.4. These methods are simple, inexpensive, require minimal equipment, and can be carried out in a field setting if desired. This video will illustrate the techniques used to extract and quantify these common soil macronutrients.
1.4.1. Use shots from the Procedure.

2. Principles of Soil Nutrient Analysis

2.1. To begin analysis, macronutrients are first extracted from collected soil samples. Nitrogen is extracted using calcium sulfate; phosphorus and potassium are extracted using Mehlich 2 solution, a solution of acetic acid, ammonium chloride, hydrochloric acid, hydrofluoric acid, and demineralized water. (2.1.1) Bound macronutrients present in suspension can then be separated from the remaining solid soil components by vacuum filtration (2.1.2).
2.1.1. See storyboard

2.2. Once macronutrients have been extracted, their concentration can be determined. For nitrogen, cadmium metal is used to reduce nitrates to nitrites. This cadmium is present in pre-packaged pillows that are added to the soil filtrate (2.2.1).
2.2.1. See storyboard

2.3. The nitrite ions react with sulfanilic acid to form diazonium salt. This couples with gentisic acid and an amber solution is formed (2.3.1). Color intensity is directly proportional to nitrate concentration in the filtrate, and can be quantified using a color comparator with a continuous nitrate amber disk (2.3.2).
2.3.1. See storyboard

2.4. For phosphorus, sodium molybdate and potassium pyrosulfate react with the soluble reactive phosphate to form a phospho-molybdate complex. This is then reduced by ascorbic acid to form a molybdenum blue color (2.4.1). This blue color can be quantified using a phosphate color comparator box with a continuous phosphate blue color disk (2.4.2).
2.4.1. See storyboard

2.5. Color comparator boxes are used for analysis of nitrate and phosphate. Samples are compared to a blank, and the color disk is turned until both viewing windows match. The corresponding nutrient concentration in mg/L will be displayed in a separate window (2.5.1).
2.5.1. See storyboard

2.6. To quantify potassium, the ions from the soil filtrate combine with sodium tetraphenylborate to form potassium tetraphenylborate, a white precipitate. The precipitate remains in suspension, causing an increase in turbidity. Reagent pillows for potassium containing methyl alcohol, demineralized water, and formaldehyde are added to prevent interferences with this precipitation by ammonium, magnesium, or calcium salts that may be present in the soil filtrate.
2.6.1. See storyboard.

2.7. A potassium dipstick is used to quantify turbidity caused by the precipitate. The dipstick is placed in the sample and lowered until the black dot at the end is no longer visible. The stick is incrementally marked, and readings on this scale can be converted to potassium concentration using a conversion chart (2.7.1).
2.7.1. See storyboard. 

2.8. Now that we are familiar with the principles behind extraction and quantification of soil macronutrients, let’s take a look at how the procedures are carried out in the laboratory.
2.8.1. Use shots from the Procedure.

3. Extraction of Nitrogen (Nitrate NO3-)

3.1. Once the soil samples have been collected, correctly transported, and stored, they can be brought into the laboratory for analysis, beginning with the nitrogen extraction. First, turn on the balance, set a weigh boat on top, and tare. 
3.1.1. WIDE: Establishing shot, talent approaches bench with soil samples.
3.1.2. MED: Talent turns on balance, hits tare. 

3.2. Using a spatula, weigh out 10 grams of dried, sieved soil sample and transfer to a labeled 100 mL beaker. Next, weigh 0.1 grams of calcium sulfate and transfer it to the beaker.
3.2.1. MED over the shoulder: Talent weighs soil sample, puts in beaker.
3.2.2. MED: Talents weighs calcium sulfate and transfers to beaker.

3.3. Measure out 20 mL of deionized water with a graduated cylinder and transfer to the beaker. Thoroughly mix the contents of the beaker with a stirring rod. Repeat these additions for each test soil sample (TEXT: Repeat these steps for each nitrogen soil sample). 
3.3.1. MED: Talent measures 20 mL of water and transfers to beaker.
3.3.2. CU: Talent mixes beaker contents with stirring rod.

3.4. Secure samples on a tabletop shaker and agitate for 1 min (Please note speed on filming day) (TEXT: 1 min).
3.4.1. MED: Talent places beakers into shaker.

4. Extraction of Phosphorus and Potassium

4.1. To begin extraction of phosphorus and potassium from the soils, turn on the balance, set a weigh boat on top, and tare. Use a spatula to weigh out 2 grams of dried, sieved soil sample, and transfer to a labeled 100 mL beaker.
4.1.1. MED: Talent turns on balance, presses tare, and adds soil.
4.1.2. CU: Talent places soil into labeled beaker.

4.2. With a graduated cylinder, measure 20 mL of Mehlich 2 soil extractant and transfer to the beaker. Thoroughly mix the contents of the beaker with a stir rod. (TEXT: Repeat these steps for each phosphorus and potassium sample).
4.2.1. MED: Talent measures out soil extractant and transfers to beaker. 
4.2.2. CU: Talent mixes contents with stir rod. 
 
4.3. Secure samples on a tabletop shaker and agitate for 5 min (Please note speed on filming day) (TEXT: 5 min).
4.3.1. MED: Talent places samples into shaker.

4.4. After extraction, all three nutrient sample sets should be vacuum filtered using a vacuum flask and Büchner funnel. 
4.4.1. MED: Talent assembles vacuum filter.

4.5. First, turn on the vacuum jet and slowly pour the soil extract solution into the funnel. Extract should drain from the funnel, into the flask.
4.5.1. MED: Talent turns on vacuum.
4.5.2. CU: Talent pours soil solution into funnel.
4.5.3. CU: Extract collects in the bottom of the funnel flask.

4.6. Pour the filtrate into a clean, labeled 50 mL beaker. Remove the funnel, discard filter paper, and rinse funnel and flask with deionized water. Use an air jet to dry the funnel and flask (TEXT: Repeat steps for each soil sample).
4.6.1. MED: Talent pours filtrate into clean beaker.
4.6.2. MED: Talent cleans and rinses funnel and flask.
4.6.3. MED: Talent dries flask.

5. Analyzing Samples for Nitrate with Color Comparator 

5.1. Now the nutrient samples have been filtered, content analysis can begin. (TEXT: Analyze each sample individually). For the nitrate samples, begin by labeling one color viewing tube with an “S”, for sample. Label a second with a “B” for blank.
5.1.1. MED: Shot of samples on bench.
5.1.2. CU: Talent labels tubes.

5.2. Thoroughly rinse both color viewing tubes with deionized water, then shake to remove the remaining rinse water. 
5.2.1. MED: Shot of talent rinsing tubes.
5.2.2. MED: Shot of talent shaking tubes.

5.3. Add the sample extract to a depth of ¼ inch in the color viewing tube marked “S”. Cap the tube with a rubber stopper and shake for 3 s, then discard the solution. 
5.3.1. CU: Talent decants sample extract into “S” tube.
5.3.2. MED: Talent caps, shakes and discards solution.

5.4. Next, add the sample extract to both tubes until the meniscus is even with the 5 mL mark on the tubes, at the bottom of the frosted area. 
5.4.1. CU: Talent pours extract into tubes.

5.5. Add the contents of one nitrogen reagen pillow to the tube marked “S”. Cap and shake the tube vigorously for 1 min (TEXT: 1 min).
5.5.1. CU: Talent adds pillow.
5.5.2. MED: Talent shakes tube.

5.6. Immediately place both tubes into the comparator, with tube “B” in the outside hole, and tube “S” on the inside. Leave for 5 min (TEXT: 5 min)
5.6.1. MED: Talent places tubes in the comparator.

5.7. Hold the comparator up to a light source and rotate the disc until the color in the window for tube “B” matches that in the window for tube “S”. Record the concentration value displayed in the lower window of the color comparator box (EDITOR: next to value, unless stated in window, add mg/L). (TEXT: Repeat these steps for each sample)
5.7.1. MED: Talent holding comparator up.
5.7.2. CU: Talent holds comparator to light source and rotates disc.
5.7.3. ECU: Lower window of color comparator box.

6. Analyzing Samples for Phosphate with Color Comparator

6.1. Samples can also be analyzed for phosphate content using the color comparator. (TEXT: Analyze each sample individually) Using a 2.5 mL dropper, add 2.5 mL of the filtered phosphorus sample extract to a 25 mL graduated cylinder.
6.1.1. MED: Talent approaches bench with sample and graduated cylinder.
6.1.2. CU: Talent drops 2.5 mL filtered extract into graduated cylinder.

6.2. Add deionized water to the 25 mL mark, cap with a stopper, and invert to mix. 
6.2.1. MED: Talent adds water, stoppers, and mixes.

6.3. Next, take two color viewing tubes and label one with an “S” for sample, and the other with “B” for blank. 
6.3.1. CU: Talent labels tubes.

6.4. Thoroughly rinse both color viewing tubes with deionized water. Shake the tubes to remove the remaining rinse water.
6.4.1. MED: Talent rinses and shakes tubes.

6.5. Add the diluted sample extract to about ¼ inch deep in the color viewing tube marked “S”. Cap with a rubber stopper, and shake for a few seconds before discarding the solution.
6.5.1. CU: Talent adds diluted extract to ¼ inch.
6.5.2. MED: Talent caps, shakes and discards solution.

6.6. Into both tubes, add the sample extract until the meniscus is even with the 5 mL mark. Add the contents of one potassium reagnet pillow to the “S” tube, cap, and shake vigorously for 1 min (TEXT: 1 min).
6.6.1. CU: Talent adds sample extract to 5 mL.
6.6.2. CU: Talent adds pillow to “S” tube.
6.6.3. MED: Talent caps and shakes tube.

6.7. Immediately place the color tubes into the color comparator, with the blank tube in the outside hole, and the sample tube in the inside hole. Leave for 3 min (TEXT: 3 min).
6.7.1. MED: Talent places tubes into the color comparator.

6.8. Hold the comparator up to a light source, and rotate the disc until the window for tube “B” matches the color in the window for tube “S” (EDITOR: Arrow pointing to the lower display on the box: “Color disk will simultaneously display the concentration value corresponding with the color intensity chosen.”). Record the value displayed in the window. (TEXT: Repeat these steps for all samples.)
6.8.1. CU: Talent holds up comparator and rotates disk to match colors.
6.8.2. MED: Talent records value from window.

7. Analyzing Samples for Potassium

7.1. Finally, samples can be analyzed for potassium content. (TEXT: Analyze each sample individually) Using a 1 mL dropper, add 3 mL of potassium sample extract to a 25 mL cylinder.
7.1.1. MED: Talent approaches bench with sample and graduated cylinder.
7.1.2. CU: Talent adds 3 mL potassium sample extract to graduated cylinder.

7.2. Add deionized water to the 21 mL mark on the cylinder, cap firmly with a rubber stopper, and invert. 
7.2.1. MED: Talent adds DI water, caps and inverts.

7.3. Next, add one potassium reagent Pillow to the cylinder. 
7.3.1. MED: Talent adds Potassium Pillow.

7.4. Add 3 mL of an alkaline EDTA solution to the cylinder, cap with a rubber stopper, and invert several times to mix. Let the solution stand for 3 min (TEXT: 3 min).
7.4.1. CU: Talent adds EDTA solution to the cylinder. 
7.4.2. MED: Talent caps and inverts cylinder, places on bench.

7.5. Add the contents of one potassium reagent pillow, cap the cylinder and shake vigorously for 10 s (TEXT: 10 s). Allow the solution to stand for 3 min as a white turbidity develops.
7.5.1. [bookmark: _GoBack]CU: Talent adds Potassium Reagent Pillow.
7.5.2. MED: Talent caps tube and shakes vigorously, places on bench.

7.6. Looking straight down into the cylinder, slowly insert the potassium dipstick vertically into the solution until the black dot is no longer visible from above. 
7.6.1. CU: Shot looking down into cylinder to see black dot as it disappears.

7.7. Hold the dipstick in position and rotate the cylinder to view the scale. Record the number on the dipstick scale where the surface of the sample meets the dipstick. (TEXT: Repeat these steps for all samples.)
7.7.1. MED: Talent rotates tube and holds up to view scale. 
7.7.2. CU: View of scale at meniscus with dipstick.

7.8. Refer to the potassium conversion table to determine the concentration of samples in mg/L. Locate the dipstick reading in the left hand column, and record the corresponding mg/L concentration reported in the right hand column.
7.8.1. See storyboard

8. Representative Results

8.1. Once concentrations are obtained, a table of nutrient ranges can be used to assess sample quality and determine whether sampled soil needs nutrient amendment, and if so, how much. Nutrient amendment can be carried out by application of specific fertilizers.
8.1.1. See storyboard: Table 1.
8.1.2. See Storyboard: Can we get shots of those nutrient deprived plants? (VIDEOGRAPHER: please take stills or footage of nutrient deprived plants)

9. Applications

9.1. The ability to analyze the soil nutrient composition of soils has a wide variety of applications, with potential implications for human populations or agricultural ecosystems.
9.1.1. Title slide.

9.2. (Lower third: Application #1- Soil Nutrient Analysis and Commercial Crop Growing) Different crop plants will have different potential nutrient requirements for optimal growing. For example, high nitrogen levels are needed for growing nitrogen-demanding crops, such as soy and corn. High levels of phosphorus can stimulate and enhance flower or fruit production. The ability to measure soil nutrient composition in an intended crop growing area can therefore allow farmers or land managers to supplement the soil with necessary nutrients to grow their intended crop successfully.
9.2.1. B-ROLL: VIDEOGRAPHER: Please film several general shots of crops and plants in campus garden and/or greenhouse, for use here and in the other applications.
9.2.2. MED: Talent collects a soil sample in garden.

9.3. (Lower third: Application #2- Managing Irrigation and Drought Tolerance) The composition of soil can also have implications for its ability to retain water, which can in turn influence its ability to support different flora or fauna. For example, low potassium soils have poor drought tolerance, and may require nutrient amendment, by fertilization of the soil with appropriate amounts of the missing nutrient. Alternatively, irrigation may be necessary to grow any plants that do not display high drought tolerance.
9.3.1. B-Roll: Shots of irrigations systems at the campus garden/greenhouse.


9.4. [bookmark: h.gjdgxs](Lower third: Application #3- Determination of Land Use based on Soil Quality) Soil composition and nutrient quality can also help inform land managers to designate appropriate land-use. In areas where the soil has poor nutrient quality, that would require heavy modification or supplementation to grow crop plants, setting aside land for development of buildings or structures may be more appropriate. Alternatively, areas with ideal composition for intended crop growing can be earmarked and set aside, protected from development. 
9.4.1.   CU/MED: Shot/s of talent applying fertilizer to plants at campus garden.

10. Summary

10.1. You’ve just watched JoVE’s introduction to Soil Nutrient Analysis. You should now understand the importance of soil macronutrients, how to extract them from soils, and how to determine their concentrations. Thanks for watching!
