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Managing Garden Soil Moisture


Managing Garden Soil Moisture

Compost, aerobically decomposed remnants of organic materials, is commonly mixed into soil to improve soil fertility and water holding capacity. Grass clippings, leaves, sawdust, kitchen refuse, wood ashes, garden refuse, and shredded newspapers are just some of the common materials that are composted.

Mulch, in contrast, is placed on the soil surface. Mulch affects soil moisture by slowing evaporation, reducing weed transpiration, and reducing runoff. Grass clippings, leaves, sawdust, wood chips, straw, shredded newspapers, and compost are common materials used as mulch. Inorganic mulches, such as plastic sheeting, rocks, and gravel are also widely used.

Commercial water absorbing polymers, such as Soil Moist™, Stockosorb®, and Terra-Sorb™, are water management tools that can reduce evaporation, water runoff, and soil erosion when mixed into soil.

In this experiment, you will investigate the ability of a soil sample to retain moisture with and without the addition of a surface layer of mulch.

OBJECTIVES

In this experiment, you will

· Learn to use a Soil Moisture Sensor.

· Determine the volumetric soil water content of a soil sample.

· Investigate moisture retention with and without mulch.

· Gain increased understanding of the role of soil moisture in ecosystems, watersheds, and the water cycle.

MATERIALS

	computer
	finely shredded wood mulch

	MINDSTORMS Edu NXT v2.0 software
	fine sand

	Vernier NXT Sensor Adapter
	pan or tray

	Vernier Soil Moisture Sensor
	cut-off, 2 L plastic bottle

	NXT cable
	water

	LEGO NXT Intelligent Brick with      rechargeable battery and AC charger
	sprinkling can or spray bottle


Procedure

Part I  Without Mulch

1.
Obtain a cut-off, 2 L bottle with holes in the bottom and a slot in the side. This will hold your sand sample. The soil moisture sensor will go into the side slot. Place the bottle in a tray to collect any water draining out.

2.
Fill the bottle with sand at least 10–12 cm deep. Insert the Soil Moisture Sensor into the slot. The sensor should be about 4–5 cm below the surface of the sand. Press down on the sand along either side of the sensor with your fingers. It is important that the sand be fairly well compressed for good sensor readings. 
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Figure 1

3.
Prepare the NXT for data collection.

a. Connect the Soil Moisture Sensor to the Vernier NXT Sensor Adapter. 

b. Connect the Adapter to Port 1 on the NXT using a LEGO NXT cable.  

c. Make sure the NXT is connected to the computer (USB or Bluetooth) and turned on.

d. Connect the NXT to a wall outlet. Batteries may not last several days in this experiment.

4.
In order to conduct a long term experiment of this type, the NXT must remain on. To avoid having the NXT go to sleep, you must adjust its power setting.

a. Using the left or right button on the NXT, scroll through the menu options to Settings. Press the Enter button.

b. Scroll through the Settings options to Sleep. Press the Enter button.  

c. Scroll through the Sleep options to Never. Press the Enter button.

5.
Launch NXT 2 Data Logging.

6.
Click the Go button next to Start New Experiment.

7.
Set up the experiment.

a. In the Experiment Configuration Window, select Vernier Soil Moisture (New) by clicking on the pull-down list to the left of Port 1. (Notice the indicator box changes from gray to green.)

b. Adjust the Duration to 14400 minutes. (You will be collecting data for 10 days.) Notice the default unit is “seconds.” You must select “minutes” from the pull-down list.

c. Adjust the Rate to 60 seconds between samples. Notice the default rate is “samples per second.” You must select “seconds between samples” from the pull-down list.

d. Click the OK button.

8.
Click the Download and Run button to begin data collection.

9.
Sprinkle or spray the volume equivalent of 1 cm of rainfall onto the sand. Note the elapsed time in the data table. Do this very slowly.



10.
Monitor your data during the experiment. If the soil moisture drops below 25%, sprinkle or spray an additional volume equivalent of 0.25 cm of rainfall onto the surface of the sand.

11.
At the end of 10 days, analyze the dataset.

a. Under the Analysis Tools button, select Section Analysis.

b. Drag the left and right edges of the gray strip until it is as wide as the entire graph window.

c. Record the Start, End, Minimum, and Maximum Soil Moisture values (in %) in the data table.

d. Study your graph to find a straight-line section with approximately constant downward slope. Drag the left and right edges of the gray strip until it covers this section.

e. Check the Linear Fit box. (Note: A straight line segment will be superimposed over your dataset. If this line does not approximately fit through your data, widen or narrow the gray strip until it does.)

f. Record the slope in your data table under “Rate of Moisture Loss.”

g. Close the Section Analysis box.

h. Under the Analysis Tools button, select Point Analysis.

i. Drag the vertical line left or right to find the times when the soil moisture was at a minimum. Record in data table.

j. Close the Point Analysis box.

Part II  With Mulch


12.
Add a 1 cm layer of finely shredded wood mulch to the top of the sand.


13.
Repeat Steps 8–11 for this sample.


14.
When finished with the experiment, remove the Soil Moisture Sensor from the bottle.

DATA AND OBSERVATIONS

	Table 1: Effect of Mulch on Soil Moisture

	
	Fine Sand
	Sand with 1 cm Layer of Wood Mulch

	Initial soil moisture (%)
	
	

	Maximum soil moisture (%)
	
	

	Minimum soil moisture (%)
	
	

	Time elapsed to first minimum soil moisture (min)
	
	

	Rate of Moisture Loss (%/min)
	
	

	Time elapsed to second minimum soil moisture (min)
	
	

	Soil moisture at end of 10 days (%)
	
	


PROCESSING THE DATA

1.
Which sample showed the greatest change in soil moisture over the 10-day period? 

2.
Which sample showed the greatest rate of moisture loss?

3.
How does mulch influence soil moisture?

EXTENSIONS

1.
Repeat the investigation for different soil and mulch types or different thicknesses of mulch.

2.
Investigate the effect of mixing garden compost into your soil sample rather than placing a layer of mulch on top.

3.
Some hardware stores are advertising mulch alternatives made from rubber. While these mulches are significantly more expensive than traditional wood mulch, manufacturers claim gardens require less rubber mulch, because rubber mulch is heavier than wood mulch. Conduct your own investigation to determine the truth of this claim.

4.
In this lab you are supposed to monitor the soil moisture and take action if the level drops below 25%. Can you write a program to have the NXT monitor the soil moisture and start beeping during data collection if the level drops below 25%?
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