transpiration
Background
Transpiration is the evaporative loss of water from the leaves of plants through tiny pores called stomata. Carbon dioxide and oxygen gas are also exchanged through these pores. Cells present in plant leaves use carbon dioxide and water to carry out the reactions of photosynthesis.
Water enters a plant at its roots and transpiration draws water up the xylem to the site of photosynthesis. The movement of water from a plant's roots to its leaves is driven by differences in water potential. Solute concentration and physical pressure are factors that contribute to water potential, which is different in the tissues in a plant, in the soil, and in the air that surrounds a plant. Water always moves from regions of high water potential to regions of lower water potential. Air surrounding a plant's leaves has the lowest water potential, given that the amount of water vapor in air is typically low. As water evaporates from the leaves, negative pressure is created within the xylem tube causing water to be pulled up from the roots. 
A number of environmental conditions can affect water potential, and therefore transpiration. Plants monitor environmental conditions to balance their need for carbon dioxide and their need to limit the loss of water through evaporation. Changes in environmental conditions can upset this balance and plants have evolved a number of adaptations to defend against water loss while still acquiring the needed reactants for photosynthesis.
Driving Question
Does the relative humidity of the environment affect the rate of transpiration in a plant?
Materials and Equipment
Use the following materials to complete the initial investigation. For conducting an experiment of your own design, check with your teacher to see what materials and equipment are available.

	· Pressure sensor (with connectors, tubing, syringe, 
	· Base and support rod

	and stopper)
	· 3-finger clamp

	· Weather sensor
	· Test tube clamp

	· Disposable pipet
	· Clear plastic bag, 1 gallon

	· Metric ruler
	· Spray bottle with water

	· Large tub or bucket (for water)
	· Electronic balance, centigram

	Paraffin film or petroleum jelly (if available)
	· Large scissors or small pruning shears Pipet

	· Plant sample containing numerous leaves
	

	· One hole #1 stopper
	


Safety
Follow these important safety precautions in addition to your regular classroom procedures:
· Wear safety goggles at all times. 
· Handle sharp objects carefully.
· Avoid contact with eyes or skin when handling plant materials. Wash hands thoroughly after touching plants.
Initial Investigation
Complete the following investigation before designing and conducting your own experiment. Record all observations, data, explanations, and answers in your lab notebook.
1.	Put on your safety goggles.
2.	Use a 3-finger clamp to attach the pressure sensor. 
3.	Open the Transpiration lab file from the experiments menu in SPARKvue under High School > Advanced Biology
If a configuration file is not available, create a graph display of Pressure versus Time. If possible, set the sampling rate to one sample every 30 seconds. If your data collection system allows for an automatic stop condition, set the stop time for 10 minutes.
Set up the potometer
The diagram below illustrates the potometer, the apparatus that will detect transpiration in the plant sample. 
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4.	To set up the potometer, perform the following steps using a large bucket or tub of water.
a.	Check that one end of the plastic tubing extends 3–5 cm past the stopper. Submerge the entire length of tubing in the tub of water. 
NOTE: It is important to keep the plastic tubing submerged in a tub or sink while preparing the plant and tubing of the potometer. 
[bookmark: _GoBack]b.	Fill the syringe with water and attach it to one end of the tubing. Push the plunger on the syringe to fill the tubing with water. Watch the open end of the tubing—the tubing is filled with water when air bubbles no longer exit the tubing. Keep the tubing submerged in the water.
c.	Holding the stem of the plant sample under water, use sharp scissors to cut the plant stem at a 45° angle. Immediately insert the cut end of the stem into the short section of the tubing that extends past the rubber stopper. The stem should fit tightly in the opening of the tubing.
NOTE: If paraffin film or petroleum jelly is available, it can be used to help obtain an airtight seal. Use petroleum jelly carefully; it is difficult to remove from the tubing. Neither will create an airtight seal if the plant stem does not fit tightly in the tubing.
5.	To prevent water from spilling out of the tubing, hold the tubing in a “U” shape and remove the tubing and plant sample from the water. Place the stopper in the test tube clamp on the base and support rod and tighten the clamp to secure the stopper. Be sure the plant remains upright.
6.	Create a 2–3 cm air gap at the other end of the tubing—the end that will connect to the pressure sensor. Either flick the tubing or use a pipet to remove a small amount of water, creating the air gap. 
7.	Insert the male luer connector into the tubing far enough so it does not easily come out. Attach the connector to the pressure sensor and twist it to complete the connection between the sensor and the tubing. 
Check that your setup looks like the one illustrated on the previous page.
· There must be an unbroken water column that extends from the water in the tubing to the water in the xylem of the plant sample in order for transpiration to occur. Any air bubbles in the tubing or at the surface of the cut stem will affect the data. Additionally, an air gap is important to have near the barometer sensor to be able to detect the small changes in pressure that result from the movement of water from the tubing into the plant xylem and through its leaves.
Collect Data: Normal conditions
8.	Leave the potometer undisturbed for at least one minute before beginning data collection. Collect data for 10 minutes. Answer the following questions while you wait.
9.	If transpiration occurs in the plant sample, what will happen to the water in the tubing? What will happen to the pressure in the tubing? Explain your answer.
10.	What will happen if the seal between the plant stem and tubing is not air tight?
11.	Consider the microscopic structure of a leaf.
a.	Through which structures does water evaporate from a plant? Be as specific as you can in your answer.
b.	Do you expect that these structures are the same regarding their location and density in the leaves of different plant species or do they vary? Explain your reasoning.
12.	After data collection stops, keep the plant sample, sensors, and other potometer components in place. Reset the pressure in the tubing by carefully twisting the connector to remove it from the sensor. Then reconnect it to the sensor so the tubing and sensor are once again connected. 
Collect Data: Altered condition
[image: ]13.	Cover the plant sample and the weather sensor with a large, clear plastic bag. Mist the inside of the bag with water from a spray bottle and seal the plastic bag. Leave the system undisturbed for one minute and then begin data collection. Answer the following questions while the system records data for 10 minutes. 
14.	What environmental condition(s) that can be measured by the weather sensor do you expect to change in the plant's microclimate as a result of the plant being covered with the misted bag?
15.	The amount of water vapor in the air affects the water potential of the air. The rate of transpiration is directly related to the water potential difference between the leaves and the atmosphere. 
a.	Based on your knowledge of water potential, how should the water potential of the air in the “normal condition” test compare to the water potential of the air surrounding the plant covered with the bag?
b.	How does water potential relate to transpiration? Predict whether or not you expect the rate of transpiration to be the same in both conditions? Explain your prediction.
16.	End data collection after 10 minutes. Print or sketch a graph of Pressure versus Time to preserve a record of your data. Clearly label each run of data. Also, for each run, record the minimum, maximum, and average relative humidity (%) and temperature during each 10 minute period.
17.	Create a data table to summarize the results for the two conditions and compare the rates of transpiration using the change in pressure/minute. 
18.	Was your prediction correct? Explain any differences between the control data (normal conditions) and the data collected for the covered, misted plant (altered condition). Use data from both sensors to support your explanation.
19.	Refer to the table below, which shows data for a whole‑plant transpiration experiment. The diagram illustrates the setup for the experiment. 
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A weather sensor monitored the microclimate in each chamber. One chamber contained only a plant. The plant's root ball was sealed in plastic so that evaporation could only occur through its leaves. The other chamber was set up in the same way—using a plant of the same size and species as the first chamber, but it also contained a small amount of water in the bottom of the chamber and the holes of the chamber were sealed. The mass of each plant was measured on the day of set up and again 72 hours later. External factors, such as the amount of daylight the plants received, were kept constant by placing the chambers side-by-side in the same location for the 72 hours.
Table 1: Whole-plant—Comparing the rate of transpiration under normal and humid conditions
	Environment
	Change in Mass (g)
	Change in Mass (%)
	Total Leaf Surface Area (cm2)

	Chamber 1
	–0.69
	–0.7
	183

	Chamber 2 
	–22.42
	–21
	175


a.	Why does the mass of the plants decrease during the 72-hour time period?
b.	Does the data from this whole-plant method support or contradict the results of the potometer investigation? Explain your answer.
20.	To investigate additional factors that may affect transpiration, either the potometer method or whole‑plant method can be used.
a.	Identify one or more advantages to the potometer method of measuring transpiration. What might be some possible sources of error with this method? 
b.	What are some advantages to the whole-plant method for measuring transpiration? Are there possible sources of error with this method?
Design and Conduct an Experiment 
Humidity is only one of a number of environmental factors that can affect transpiration in plants. Transpiration rates also depend on the structural and physiological adaptations plants have to help them survive in the myriad of habitats on earth. Consider an aspect of transpiration or plant anatomy that you can explore further through an independent investigation.
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Design and carry out your experiment using either the Design and Conduct an Experiment Worksheet or the Experiment Design Plan. Then complete the Data Analysis and Synthesis Questions.


Design and Conduct an Experiment: Data Analysis
1.	From your observations and your data:
a.	Describe how the independent variable you manipulated affected the rate of transpiration. Does the data support your hypothesis? Justify your claim with evidence from your experiment.
b.	Based on the evidence you collected, explain why the results occurred.
2.	Is there any evidence in your data or from your observations that experimental error or other uncontrolled variables affected your results? If yes, is the data reliable enough to determine if your hypothesis was supported?
3.	Identify any new questions that have arisen as a result of your research.
Synthesis Questions
1.	Explain how prolonged drought contributes to a decrease in productivity of crop plants.
2.	Why is transpiration needed, even though the plant loses water in the process? 
3.	Name some of the structural or physiological adaptations that have evolved in plants that help limit water loss from their leaves. Explain how each adaptation is beneficial to the plant. 
4.	Stomatal densities are shown in the table below for three plant species. The initial stomatal density was determined when plants were exposed to normal carbon dioxide (CO2) levels. Plants were then exposed to CO2 enriched environments and the final stomatal density corresponds to this enriched environment. The study included observations from 100 different plant species of various types (trees, shrubs, and herbs) and found the same trend occurred in 74% of plants observed.[footnoteRef:1] [1:  Woodward, F. I. and Kelly, C. K. (1995), The influence of CO2 concentration on stomatal density. New Phytologist, 131: 311–327. doi: 10.1111/j.1469-8137.1995. tb03067.x] 

Table 2: Effect of CO2 level on stomatal density
	Species
	Stomatal Density, Normal CO2 Level 
(stomata/mm2)
	Stomatal Density, Enriched CO2 Level
(stomata/mm2)

	Anthyllis vulneraria
	154
	137

	Cynodon dactylon
	321
	249

	Hypoestes sanguinolenta
	110
	61


a.	What effect did higher carbon dioxide levels have on stomatal density?
b.	Propose an explanation for the change in stomatal density in response to higher carbon dioxide levels. 
5.	The table below summarizes data from a study of various species of Eucalyptus trees. During 24‑hour time periods, a portable photosynthesis system was used to measure net carbon dioxide exchange for a sample of leaves from three or four trees of each species. Photosynthetic rate and stomatal conductance were calculated from data collected with the portable system. Stomatal conductance relates to the proportion of open stomata; the greater the number of open stomata, the greater the stomatal conductance.[footnoteRef:2] [2:  Lewis, J.; Phillips, N.; Logan, B.; Hricko, C.; Tissue, D. Leaf photosynthesis, respiration and stomatal conductance in six Eucalyptus species native to mesic and xeric environments growing in a common garden. Tree Physiol (2011) 31 (9): 997-1006. doi: 10.1093/treephys/tpr 087] 

Table 3: Effect of time of day on photosynthetic rate and stomatal conductance in Eucalyptus trees
	Species
	Time of Day and Photosynthetic Rate
(µmol CO2/m2)/s)
	Stomatal Conductance
(mol CO2 /m2)/s)

	E. argophloia
	06:00
	–1.5
	0.02

	
	09:00
	1
	0.04

	
	11:00
	7.5
	0.10

	
	13:00
	7
	0.08

	
	16:00
	4
	0.02

	
	19:00
	2
	0.01

	E. dunnii
	06:00
	–1
	0.01

	
	09:00
	3
	0.03

	
	11:00
	9.5
	0.12

	
	13:00
	5
	0.05

	
	16:00
	3
	0.02

	
	19:00
	1
	0.01

	E. sideroxylon
	06:00
	–4
	0.02

	
	09:00
	2.5
	0.03

	
	11:00
	13
	0.28

	
	13:00
	12.5
	0.28

	
	16:00
	8
	0.11

	
	19:00
	4.5
	0.02


a.	Describe the trend in stomata opening and closing over the course of 24 hours. Describe the environmental factors that are likely to be the cause of this trend.
b.	Create an appropriately labeled scatter plot graph of Photosynthetic rate versus Stomatal conductance. Use a different symbol for each species.
c.	Describe the relationship between photosynthetic rate and the proportion of open stomata in leaves.



	Name	Period	Date
	transpiration / Student handout
		transpiration / Student Handout

			pasco / ps-2852	9
	4	pasco / ps-2852
			pasco / ps-2852	3
Design and Conduct an Experiment Worksheet
Humidity is only one of a number of environmental factors that can affect transpiration in plants. Transpiration rates also depend on the structural and physiological adaptations plants have to help them survive in the myriad of habitats on earth. Consider an aspect of transpiration or plant anatomy that you can explore further through an independent investigation.
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Develop and conduct your experiment using the following guide.



1.	Based on your knowledge of plants and transpiration, what environmental factors (abiotic or biotic) could affect this process?	
	
	
2.	Create a driving question: choose one of the factors you've identified that can be controlled in the lab and develop a testable question for your experiment.	
	
3.	What is the justification for your question? That is, why is it biologically significant, relevant, or interesting?
	
	
4.	What will be the independent variable of the experiment? Describe how this variable will be manipulated in your experiment.
	
	
5.	What is the dependent variable of the experiment? Describe how the data will be collected and processed in the experiment.
	
	
6.	Write a testable hypothesis (If…then…).
	
	
7.	What conditions will need to be held constant in the experiment? Quantify these values where possible.
	
	
	
8.	How many trials will be run for each experimental group? Justify your choice.
	
	
9.	What will you compare or calculate? What analysis will you perform to evaluate your results and hypothesis?
	
	
10.	Describe at least 3 potential sources of error that could affect the accuracy or reliability of data.
	
	
	
11.	Use the space below to create an outline of the experiment. In your lab notebook, write the steps for the procedure of the lab. (Another student or group should be able to repeat the procedure and obtain similar results.) 







12. Have your teacher approve your answers to these questions and your plan before beginning the experiment.
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