Course:
02.461
Physical Science Applications in Agriculture

Unit 3:
Production Systems
Lesson 1:
Soil Fertility and Nutrient Uptake

QCC:
 175, 180, 182
Objectives: 

1. 
Describe why most soils are deficient in essential plant nutrients.
2. 
Describe how plants remove nutrients from the soil.

3. 
Describe why some nutrients are readily lost from the root zone.

4. 
Determine nutrient availability.

5. 
Describe why soils become acidic.

6. 
Demonstrate how commercial fertilizers lower soil pH.

7. 
Demonstrate how lime will raise soil pH.

8. 
Demonstrate how soil pH affects nutrient availability.

Teaching Time: 

5 Hours
References:

Buriak, Philip & Edward W. Osborne. Physical Science Applications in Agriculture. 
Interstate Publishers, Inc. Danville, IL.  
Materials and Equipment:

LaMotte or Sudbury soil test kits - available from Nasco, Ft. Atkinson, WI Agricultural Lime medium-sized plastic tubs pH tester (tests contained in some soil test kits) 

Various soils ( garden soils, potting soils, sand, etc.)

Commercial fertilizers of varying analyses

Large growing pots with drainage holes.

Teaching Procedure

Introduction and Mental Set

The instructor should help students form a mental image of plants taking in nutrients as a physiological process, just as breathing in humans is a physiological process. In making the analogy of breathing and nutrient uptake, the teacher can point out that when the proper ingredients are in place (78% nitrogen, 21% oxygen, 0.9% argon, and 0. 1%, our atmosphere on earth) a human can successfully breath. When these are out of proportion or unhealthy substances are present, we continue to breath, even if at the detriment of our bodies. The same can be related to plants and their uptake of nutrients.
Discussion
1.
What is the most costly practice that growers must undertake if they are producing a crop? 
As students begin to give answers try to listen for responses that are correct or close to being correct. Listen for terms such as seed cost, pesticide costs, irrigation, cost of farm machinery and other inputs. Record all answers. Point out that no other input can and has affected yield quite like fertilizers.

2.
What common agricultural practices allow greater uptake of soil nutrients and why?
A.
Students will likely answer with responses such as reducing competition and parasitism by pesticides and herbicides. Some may also answer with improved tillage equipment, better fertilizers and the like. 

B.
Point out to students that nutrient exchange is a matter of cation exchange. Plant roots must respire in order for ions to be exchanged, which in turn allows nutrients to be taken in by the plant. This will be the time to mention organic matter and improved drainage as ways to increase respiration rate of the roots.

3.
How are soil nutrient levels determined?

The instructor may need to provide clues and leads to assist students in answering this question. Since many will be limited by their experiences, the instructor will need to give clues regarding home tests kits, university laboratories, and plant tissue tests as ways of determining what is in the soil.

4.
Why does pH affect nutrient uptake? 

This would be a good time to introduce the nutrient availability chart and allow students to see, in graphic terms, how many nutrients become available or unavailable at various pH levels.

5.
What physiological systems in the plant regulate plant nutrient uptake?

If the instructor wishes to explain and then allow students to build model of nitrogen uptake [p.105 in textbook] by plants, this would reinforce the concept of plants actively functioning to take in nutrients from the soil.
6.
Activities

Divide students into manageable-sized groups for lab activities. Each student should be given responsibilities for conducting the experiment and reporting its results and conclusions. 
A.
If using the Physical Science Applications in Agriculture textbook, follow the procedures for "Experiment 2: Assessing Nutrient Holding Capacity", Ch.8, pp.99 - 100.

B.
If this text is unavailable as a resource, the following is a suitable lab activity to demonstrate why most soils are deficient in essential plant nutrients:

· Collect various types of soils, enough of each for testing with test kits (clay, sand, artificial soils such as growing media and vermiculite)

· All samples should be air dried before initial testing with test kits. Enough of each type of soil should be set aside so that initial tests for nutrient content may be established (N,P,K, and pH) Data should be recorded on student sheets as well as a central location. This will be your beginning fertility data.

· Mix a commercial fertilizer with soil in a 1:1 ratio. Soil tests should be performed again after fertilization. (Air-dry soils completely if a liquid fertilizer is used.)

· Flower pots with drainage holes should be filled with each type of soil/fertilizer mix. One type of soil per pot.

· Thoroughly water each pot (approximately 200 mL of water per pot)

· After watering, pots should be allowed to drain and dry for 3 days. Placing the pots in a sunny location will facilitate drying.

· Repeat the watering of pots two more times. Allow to dry thoroughly, then remove each from its pot to insure complete drying before re-testing.

· Collect a composite from each type for testing. Complete the tests for ply N. P. and K.

· Students should compile all data and compare to initial soil tests. Conclusions should be drawn as to each soil type's nutrient holding capacity.

· The above lab will demonstrate why most soils are deficient in nutrients. Point out that nutrient withdrawal by plants is not the main factor that determines the soil's inherent nutrient holding capacity. Lead students to draw conclusions about other factors that affect nutrient holding capacity (soil type, organic matter content, organic vs. inorganic origin, water holding capacity, etc.)

7.
After an initial lecture on cation exchange capacity and adsorption, students may build a model of nitrogen uptake by plant roots through ionic exchange. 

Index cards with the components and stages of ion exchange written on them can be placed on a poster board or cardboard backing. Other items of different shapes or sizes may be used. Students may also build models of plant roots to show how the exchange takes place on the surface of the roots. The students should show how the level of root respiration affects the exchange of ions due to the amount of carbonic acid produced, hence the number of hydrogen and bicarbonate molecules that are available for exchange. Refer to pp. 104&105 in Physical Science Applications in Agriculture textbook.

8.
Using air-dried sand (or the sand sample from procedure #1 above), test the amount of nitrogen lost due to leaching from the soil. Also, a long-term lab can be conducted by planting certain types of crops in various growing media and testing the soils at different intervals to determine amounts of nutrients lost. 

A short lecture on Vitrification, de​nitrification, and leaching as well as a question and answer session can be used as a follow-up to reinforce the concept of loss of nutrients from the root zone.

9.
Allow students to collect soil samples from various areas (school campus, athletic field, ag. dept. garden, etc.). 
A.
Demonstrate or instruct on the proper procedures for sampling, drying, and making composite samples. Divide students into work groups. 

B.
Following directions included in the soils test kits, students should test the various samples for N. P. and K content and pH level. 

C.
Students should record results on lab sheets and compile information from all tests. 

D.
Hold round table discussion and/or question-and-answer session regarding differences in nutrient content of the soils tested.

10.
Students can discover the fact that soils become more acidic by the addition of nitrogen fertilizers. Utilizing their soil test kits, students can test a soil sample collected from any area on campus (preferably a soil with adequate clay content) to determine pH. 

A.
The first test will serve as the control. 

B.
Next, add ammonium nitrate to a sample of the same collection and test the pH level of the soil after the ammonium nitrate has been thoroughly mixed with the soil. 

· A proportional amount will be added to a sample of the same type of soil that has growing vegetation. 

· After a pre-determined amount of time (2 weeks) students will test an air-dried sample to determine any change in pH due to ion exchange. 

C.
Students should be lead in a follow-up discussion using diagrams of ion exchanges in the soil. 

· Point out that as nitrates are adsorbed by the plant roots, more hydrogen ions are exchanged for the nitrates, hence the soil becomes more acidic.

11.
The procedures outlined in #6 can be used to demonstrate the effects of commercial fertilizers on soil pH.

A.
To demonstrate how lime raises the pH of soils, different types of lime can be used (Quick-lime or hydrated lime). Add lime to soils previously tested for pH. 

B.
Allow several days to several weeks for the lime to dissolve and re-test. 

C.
Compare results to original tests.

12.
A student-lead discussion can be utilized to assimilate all information from previous procedures. 
Drawings and charts can then be used to show how acidity (ionic content of soil) affects the availability of nutrients.

Summary
The lesson on soil fertility and nutrient uptake will be more effective if some of the long-term labs are started well in advance of the actual learning sessions. As an example, seeds may be started in a growing media several weeks in advance of the lesson. The "crop" can then be utilized for procedure #6.
Evaluation

Laboratory activities

Discussion participation

Written quiz
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