Soil Salinization Lab
Purpose:

· To design/model a controlled experiment to investigate how salinization affects the germination of various species of crops
· To determine the highest salt concentrations at which various seed crops will still germinate, the salt concentration lethal to 50% of the seeds, and the salt concentration at which seeds will no longer germinate

Background:

Most of the fertile and easily farmed land in the world is either now under cultivation or is developed for other purposes.  This leaves less desirable land, such as arid land that will need irrigation, to be farmed in order to help feed a growing global population.  Soils in dry regions are generally rich in nutrients due to the fact that there is little water to leach the nutrients below the root zone.  These regions can be made “suitable” for growing crops only through the irrigation of the land.  Much of this water is pumped from underground aquifers that contain dissolved mineral salts.  As the water is sprayed onto the crops, some of it evaporates due to the low humidity of the air in the region, and it leaves a thin layer of salts on top of the soil.  In low concentrations, salt on the land is not a problem.  But over time, the salts build up on the fields so that the soil is so salty that those salts eventually interfere with the germination and growth of crops by removing water from plant cells.  The salts decrease the osmotic potential of the soil so that plants cannot take up water.  

Soil salinization is a serious threat to agriculture in arid regions where irrigation is necessary.  These areas include the central valley of California and other areas of the American west, the Middle East, central Siberia, and China.  In some areas, the summer irrigation effects are reduced by the winter snows, which wash the salts back down below the root level.  In other parts of the world, such as Saskatchewan, Canada, the water table is near the surface and contains high concentrations of salt which move to the upper parts of the soil (capillary action).  During the summer in areas like this, the heat causes the water to evaporate out of the soil, leaving high levels of salt behind.  Salinization is also increased by poor soil drainage.  Excessive soil salinity (salt concentration) is costs billions of dollars each year in the United States alone and has become “a cost of doing business.”  In developing countries with food shortages, it is often even a matter of life and death.

Many salt ions are involved in soil salinization, such as sodium, calcium, magnesium, potassium, carbonate, chloride, and sulfate.  The most common, by far, are sodium and chloride.   For convenience, your team will only be studying the effects of sodium chloride (NaCl), ordinary table salt.  “Fresh water” has a salinity of 0.5% or less while ocean water is typically about 3.5%. A salinity of 0.5% means there is 0.5 g of NaCl in 100 g of water. As 1 mL of water = 1 g, that is 0.5g/100mL. Therefore typical ocean water of 3.5% salt is 3.5g/100mL. We will not use the units in this lab, but for your information, salinity and the concentration of other materials at low levels in the water or soil are often expressed in “parts per thousand” (ppt) instead of a percent (which is essentially parts per hundred). Therefore 3.5% = 3.5/100 = 35/1000 or 35 ppt. 
Problem:

You and your partner(s) are acting as consultants hired by a group of farmers who are concerned about how increasing salt concentrations in their soil may be affecting their crops. You are to conduct a controlled experiment and measure how increasing salt concentrations can interfere with the germination of different types of crop seeds. While the general procedure and background information has been given to you, you are responsible for making sure the experiment is completely controlled and for recording the data.
Materials given:

NaCl

Distilled water

Volumetric flasks

Electronic balance

100 mL graduated cylinders

Crop seeds of various species

Tweezers

Petri dishes

Paper towels

Sealable plastic bags

Procedure:

1. Create solutions with NaCl concentrations of: 0%, 0.01%, 0.1%, 0.5%, 1.0%, 2.0%, 3.0%, and 4.0%. See directions below.
2. Collect 10 seeds of the type(s) of crop you are testing.
3. Cut/fold paper towels into a square and place one in each petri dish.
4. Place 10 seeds onto the paper towel, spaced evenly apart. 

5. Fold over the paper towel or place another square on top of the seeds.

6. Pour 25 mL of your 0% NaCl solution slowly into the petri dish. Cover the petri dish. 
7. Label a plastic bag with the solution concentration. Carefully slide in the plastic bag and seal it to further prevent any evaporation. Any evaporation will change the salt concentration of the solution. 

8. Complete steps 2-7 for all salt concentrations. 

9. Carefully put the petri dishes in a warm location where they will remain for about four days until the data is taken. About four days after this set-up, you will uncover the seeds and count how many germinated (sprouted) in each solution. 
10. Create a data table to record the percentage of seeds that germinate in each NaCl concentration for each type of seed tested by the class. (You will share the data as a class to see how the toxicity of salt on seed germination may be different for different crops). 
Creating Salt Solutions:
1. Label seven volumetric flasks with the NaCl solution concentrations: 0.01%, 0.1%, 0.5%, 1.0%, 2.0%, 3.0%, and 4.0%. The 0% solution will be put in just a graduated cylinder.
2. To make the 4% NaCl solution:  Using a graduated cylinder, put 100 mL of distilled water into the flask labeled 4% NaCl. Measure out 4.0 g of NaCl and add it to the flask. Swirl the solution to make sure that the NaCl dissolves completely. Invert it to mix if necessary. 
3. Make a 3% NaCl solution in the same manner.

4. To make the 2% solution, take 50 mL of the 4% solution and add it to 50 mL of distilled water. Swirl completely. 
5. To make the 1% solution, take 50 mL of the 2% solution and add it to 50 mL of distilled water. Swirl completely. 

6. To make the 0.5% solution, take 50 mL of the 1% solution and add it to 50 mL of distilled water. Swirl completely. 

7. To make the remaining two solutions, we will complete a “serial dilution” where you dilute a solution by a factor of 10 each time. We will start with the 1% solution and dilute it by a factor of 10 to create the 0.1% solution, which we will dilute by a factor of 10 to create the 0.01% solution. 
8. To make the 0.1% solution, take 10 mL of the 1% solution and add it to 90 mL of distilled water. Swirl completely. The 1% solution was only 10 ml/100 ml or 10% of the solution, so 10% of a 1% solution = 0.10 x 1% = 0.1%.
9. To make the 0.01% solution, take 10 mL of the 0.1% solution and add it to 90 mL of distilled water. Swirl completely.
10. For the 0% solution: fill up a graduated cylinder with 25 mL of distilled water. 

MODIFIED LAB REPORT:

This lab report you hand in just needs to include the following three sections.

Data/Results:
- Create a data table to show the data from the whole class.

- Create a line graph showing the percentage of seeds that germinated in each of the NaCl   

  solutions. (Use a different color/line type for each seed species tested in the class). The graph may 

  be done by hand or on a computer. 

  This type of graph is called a “Dose Response Curve” – where a living thing is exposed to different 

  amounts of a chemical to determine what levels show adverse effects and mortality.
Analysis:
1. What was the dependent variable in this experiment? What was the independent variable? How was this experiment controlled?

2. As shown on your graph, what is the relationship between salt concentration and seed germination?
3. The “threshold level of toxicity” is the concentration of a chemical at which an adverse effect can be detected on a living thing. (Below the threshold, there is no effect seen). What is the threshold level of toxicity for each seed type. 
4. Another measurement in toxicity study is the LD-50, which stands for the lethal dose that kills 50% of the individuals. What is the LD-50 for each seed type as shown on your graph. 
5. What can be done to remediate soil if the salt concentration reaches toxic levels? (Look this up and use credible sources). Cite your source(s).
Conclusion:

Make your conclusions as consultants hired to investigate this problem for farmers. State your results, conclusions, and recommendations for each crop type.

As always, include any potential sources of error (and any recommendations for further study). 
