Course:
02.461
Physical Science Applications in Agriculture

Unit 3:
Production Systems
Lesson 2:
Moisture Management and Micro-Irrigation

QCC:
 175, 180, 182
Objectives: 

1. 
Describe transpiration, evaporation, and evapotranspiration.
2. 
Determine transpiration, evaporation, and evapotranspiration rates. 

3. 
Demonstrate the factors that affect evapotranspiration.

4. 
Demonstrate a wetted pattern.

5. 
Demonstrate how application rate affects infiltration rate and wetted pattern for differing soil types and textures.

6. 
Describe how application rate and wetted pattern affect design decisions such as location, size, and spacing of emitters.

7. 
Describe how evapotranspiration rates, infiltration rates, water holding capacities, and wilting point of the plant affect irrigation scheduling.

8. 
Demonstrate why microirrigation is an effective moisture management practice.

Teaching Time: 
6 Hours
References:
Buriak, Phillip & Edward W. Osborne. Physical Science Applications in Agriculture. Interstate Publishers, Inc. Danville, IL.

Rain Bird Irrigation handbook- available from local irrigation equipment suppliers

TORO irrigation handbook - available from local irrigation equipment suppliers

Materials and Equipment:
Soil samples - sand, loam, and clay triple beam balance

4" plastic flower pots

50 ml or 100 ml graduated cylinders _ test tubes with metric rulers

modeling clay

cuttings from succulent plants

drip tubing and assorted connectors

2 liter/hour, 4 liter/hour, and 8 liter/hour drip emitters

Handouts 3.2.1- 3.2.2

Teaching Procedure

Introduction and Mental Set

The amount and timing of water supplied to a plant are a controlling factor in plant growth.  Physical properties of the soil affect the water holding capacity and evaporation losses from the soil.  Plant properties must also be considered when managing moisture.  Microirrigation is one practice that can effectively manage moisture in the root zone. 

Discussion

1.
Objectives 1-3 can be demonstrated with two lab experiments that will demonstrate transpiration, evaporation, and allow students to do the appropriate calculations to determine their rates. 

A.
One must first demonstrate the concept of field capacity in order for an understanding to be developed of the effects of soil type and other factors that affect transpiration, evaporation, and evapotranspiration. 

· Set up the lab on p.116 of Physical Science Applications in Agriculture. In order to do this, the instructor will need to provide air-dried soil of varying types, 4" plastic pots, triple beam balances and a water supply.

· Weigh the flower pots and record the weight of each one. Then fill each pot with a different soil type. Re-weigh each pot and deduct the weight of the pot from the total weight of pot and soil.

· Saturate the soil with water and allow it to drain for 24 hours.

· Re-weigh each sample and deduct the weight of the pot. This will be recorded as weight at field capacity.

· Students should next calculate the percent soil moisture at field capacity.  The differences between the dry and wetted samples should be found in order to arrive at the weight of the water. The following equation can then be used. %soil moisture, field capacity = weight of the water x 100 total weight of wetted sample
B.
This will demonstrate the concept of field capacity and will allow that concept to carry over for the next objectives: the concepts of evaporation, transpiration, and evapotranspiration.

2.
Having set up the lab in procedure # 1, you may also use it as a basis for determining evaporation rates. 
A.
Students will weigh each pot of each soil type 24 hours after weighing for field capacity. This weight should have the weight of the pot deducted from it and recorded as day one. Repeat for each soil type each day for two additional days. These weights should have the weight of the pot deducted from them and recorded as day two and day three. A chart similar to the one below will assist the students in recording their information.

B.
In determining the rate of evaporation losses, students should weigh the soil samples and report their findings in grams. Grams should then be converted to milliliters since one gram of water = I milliliter of water. After the initial findings, you should prepare a handout/question and answer sheet that poses questions similar to the following:

·  How many milliliters of water are lost each day under present conditions? (It would be preferable to keep the samples in an environmentally controlled room where the day temperatures are the same each day for three days and the night temperatures are likewise.)

·  How many days, at present conditions, would it take to reach 50% of field capacity?

·  How would other conditions affect evaporation rate? (higher temperature, higher wind speeds, less humidity, more humidity, etc.)

3.
In order for transpiration rates to be calculated, the instructor can collect or allow students to collect cuttings from succulent plants. The cuttings should include enough stem material to extend below the water level in graduated cylinders used below.

A.
Collect from three or four different species. Each stem should have the same amount of leaf area.

· Using graduated cylinders (50 or 100 ml), fill with water and mark the location of the water level.

· Insert one plant stem into each cylinder.

·  Pack modeling clay around the stem in order to hold the stem in place and seal the cylinder so as to prevent losses of water due to evaporation.

·  Place all of the cylinders in locations that have the same environmental locations (temperature, amount and duration of sunlight, etc.)

·  Observe the water level every quarter-hour for the first day and every day for three days.

·  Record the water level at each observation.

·  Determine loss of water from a cylinder in milliliters/hour or milliliters/day.

· Conduct other labs while varying the leaf area, wind movement, light intensity and duration, etc.

4.
Allow students to work a crossword puzzle on Handout 3.2.2 in order to build vocabulary for mircoirrigation terms.
5.
Collect information from microirrigation companies or extension service. These will usually contain ET information for common ornamentals and agronomic crops. Have students compile information regarding peak daily water usage and seasonal water usage. If seasonal water usage is not available, students can calculate it by finding growing season (number of days) and multiplying by peak daily water usage.

6.
Assemble materials needed for lab. Three emitters will be needed (2 liters/hr., 4 liters/hr., and 8 liters/hr., water line and water source). Allow each emitter to operate for a given period (15 minutes will be sufficient). Have students observe patterns above ground and draw the shape of the subsurface pattern according to the soil type. Have students draw conclusions regarding emitter size, spacing, etc. based on soil types of various areas.

7.
Have students select an ornamental or agronomic crop. After assigning a specific site(or hypothetical soil type) have students select components and a watering schedule for their crop. 

Provide a worksheet for students to record pertinent information regarding ET rates, infiltration rate, wetted pattern, and other information used in the decision making process.

8.
In order to demonstrate the effectiveness of microirrigation as a moisture management tool, allow students to design a demonstration of traditional irrigation vs. microirrigation. 

Instructor should lead students to consider factors such as runoff, costs, availability of microirrigation components, effectiveness (does water reach root zone.), etc. Students should present their findings in a verbal/graphic presentation.

Summary
The instructor should prepare in advance by collecting necessary materials for the labs and lessons. Allow enough time for students to learn vocabulary. The crossword puzzle from procedure #4 can be used along with other assignments to build the learners vocabulary.

Local landscape irrigation suppliers can supply equipment as well as information, handbooks, tips, etc. They may also give demonstration and assist with a lesson on how to assemble the components of a microirrigation system.

The local extension agent can provide information regarding water usage of plants as well as constructing home microirrigation systems.

Evaluation
Lab Activities
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Across
2.  The point at which a wilted plant will not return to its original condition

4.  Water loss through the leaves

5.  Process of changing from a liquid to a vapor

9.  Water in root zone available for plant uptake

10.  Supplying water to small areas in very small amounts
11.  The pattern made by water applied to the soil by a microirrigation emitter

12.  Passing into or through a substance

13.  The downward flow of water due to gravity

14.  Ability of the soil to hold water for plant use

Down
1.  A device for controlling and delivering small volumes of water to a plant=s root zone

3.  Loss of water from the soil by evaporation and transpiration through leaves

6.  The amount of water applied to an area 

7.  The movement of water by attraction between its molecules and a solid

8.  Water held by soil after it has drained for 24 hours
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