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INTRODUCTION
Water moves into the symplast of plant cells by osmosis in response to differences in water potential, with water moving down gradient from areas of higher to lower potential.  The water potential of plant cell is determined by several factors including the degree of pressure or tension on the symplast (pressure potential), and the concentration of solutes (osmotic potential) or colloids (matric potential).  The net water potential of a cell (or tissue) is equal to the sum of its individual water potential components, with the osmotic potential typically being the primary determinant in living cells.  The osmotic potential of pure water is defined as zero and is lowered by solute addition creating a gradient for the movement of water into cells by osmosis.  Water absorption causes the symplast to push against the cell wall so as to create a positive hydrostatic pressure, or turgor pressure, that is necessary for cell growth and the support of young, non-lignified tissues.

The osmotic potentials of plant tissues are highly variable and are related to an organ’s age and function, and the plant’s external environment.  For example, plant organs that are specialized for the storage of carbohydrates (i.e., sugars, starches) would be expected to have higher solute concentrations, and thus lower osmotic potentials, than equivalent organs that do not serve a storage function. Similarly, organs that are in a meristematic condition would be expected to have faster metabolic rates and thus higher concentrations of enzymes and/or cellular metabolites (and lower osmotic potentials), than equivalent older, more mature organs.  In addition, several plants are able to lower their osmotic potentials in response to dessication by means of a process termed osmotic adjustment that involves the net accumulation of solutes in the cell interior and facilitates the maintenance of positive turgor pressures.
This lab involved the determination of the osmotic potential of leaf tissues by means of the incipient plasmolysis method.  Two separate experiments were performed.  The first involved a comparison of the osmotic potentials of the bulb leaves of onion and the foliage leaves of Elodea densa, a submerged freshwater aquatic plant.  The experimental hypothesis was that the osmotic potential of the onion leaves would be lower since bulb scales are modified for food storage.  In addition, since Elodea occurs in an aqueous environment only a limited degree of solute accumulation would be expected to be necessary for water absorption from the external environment. The second experiment involved a comparison of the water potentials of leaves from droughted and well-watered Tradescantia pallida plants with the expectation the osmotic potential of the leaves from the droughted plant would be lower than the water potential of the leaves from the non-droughted plant as a result of osmotic adjustment. 
MATERIALS AND METHODS
Plant Material:  Two stockplants of Trandescantia pallida were purchased from a commercial nursery in Fort Wayne, IN and maintained in the IPFW biology greenhouse with extended daylength lighting (from dusk to 9 p.m.). Both of the stockplants were well-watered initially, however, starting on 9/15/03 one of the stockplants was left to dessicate until the point of experimentation (10/2/03), while the second continued to be watered.  The soil of the dessicated plant was dry to the touch by 9/24/03, however, formal soil water measurements were not taken.

Elodea densa was purchased from Carolina Biological Supply Company and maintained in an unaerated aquarium in the classroom laboratory under a 24 hr photoperiod, with the lighting provided by cool white fluorescent bulbs with an approximate photosynthetically active photon flux density of 30-40 uM/m2/s.  The red onions (Allium sp.) were purchased from a local supermarket and stored at 0-5 ˚C until used.  

Determination of Leaf Osmotic Potential:  Osmotic potentials were estimated using the incipient plasmolysis method, a technique that involves incubating tissue samples in a series of test solutions of decreasing osmotic potential to determine the point of incipient plasmolysis.  Incipient plasmolysis is defined as the point at which the plasma membrane has just begun to pull away from the cell wall, such that the turgor pressure is zero and its osmotic potential would be expected to be equal to that of the external solution.  For the purposes of this experiment incipient plasmolysis was defined as the point at which 50% of the cells in a sample were plasmolyzed as interpolated from the raw data set.
The types of tissue samples used for the osmotic potential determinations varied between the plant sources.  For the red onion bulb scales and Tradescantia pallida leaves, leaf epidermal peels were employed.  Since Elodea leaves are only two cell layers thick entire leaves were used for osmotic potential determination.  The tissue samples were incubated in a series of seven sucrose solutions of increasing concentration (0, 0.2, 0.4, 0.6, 0.8, 1.0, and 1.2 M), that ranged in osmotic potential from 0 to -2.98 MPa.  The sucrose solutions were prepared in test tubes (10 ml per tube) with two to three tissue samples from each plant source being assigned to each sucrose treatment.  After 20-30 minutes, the samples were evaluated for plasmolysis.  Wet mount slides were prepared using the same solutions as had been used for incubation and the tissue samples were examined using a compound microscope.  In each case, twenty randomly selected cells were evaluated for plasmolysis.  However, for the red onion and Tradescentia, data collection was limited to the subset of cells with colored (anthocyanin-containing) vacuoles.  Cells with larger vacuoles accounting 80-90% of the total cell volume were considered turgid, while those with vacuoles accounting for less than 75% of the volume were considered to be plasmolyzed.  For Elodea, plasmolysis was detected based on the chloroplast distribution patterns, i.e., cells with a peripheral distribution of chloroplasts were considered turgid, while chloroplast clumping in the interior of the cells was considered indicative of plasmolysis. 
Data Analysis and Presentation:  For each experiment, plasmolysis data was collected by 6-8 separate student groups and experimental replication was achieved by pooling the data from across student groups. Means and standard errors for the class data were calculated by the instructor and graphs were produced using Microsoft Excel.
RESULTS
In the first experiment, the Elodea leaves were found to be more susceptible to plasmolysis than onion bulb leaves (Figure 1).  At 0.2 M sucrose concentration the mean (average) plasmolysis frequencies were more or less equivalent for both leaf types (8-11%), however, at 0.4 M sucrose, the mean plasmolysis frequency for Elodea leaves had climbed to nearly 80% suggesting that the osmotic potential of the Elodea leaves lied between -0.49 and -0.98 MPa.  In contrast, the sucrose concentration inducing incipient plasmolysis (defined as 50% plasmolysis frequency) for the onion bulb scale samples was estimated to range 0.4 and 0.6 M (-0.98 to -1.46 MPa). When the data was analyzed on a per group basis equivalent patterns were generally observed, i.e., for seven of eight student groups incipient plasmolysis was observed at lower sucrose concentrations for the Elodea leaves (Table 1).  However, there was a relatively large degree of variability in the plasmolysis frequency values reported.  For example, two of the eight lab groups reported only 20-50% plasmolysis for the Elodea leaves incubated in 0.4 M sucrose compared with plasmolysis frequencies of 80-100% for the remaining lab groups.  For the onion data sets, the raw data (expressed on a per group basis) was even more variable. For example, the concentrations inducing incipient plasmolysis ranged from 0.4 M to 0.8 M (Table 1).  The point at which plasmolysis first became apparent was also variable with four of seven lab groups reporting some plasmolysis at 0.2 M sucrose (10-20%), but three groups failing to detect plasmolysis at this concentration.

 For the second experiment, the tissues from the watered plant were more susceptible to plasmolysis as assessed for the pooled data set (Fig. 2).  For all sucrose concentrations from 0.4 to 0.8 M the mean plasmolysis frequencies were distinctly lower for the epidermal peels from the droughted plant.  For the watered plant, incipient plasmolysis was induced at approximately 0.6 M (-1.46 MPa).  However, incipient plasmolysis was not observed until approximately 0.8 M (-1.98 MPa) for the droughted plant.  Furthermore, for five of six lab groups contributing data, the sucrose concentrations inducing incipient plasmolysis were lower (by up to 0.4 M) for the tissues samples from the droughted plant (Table 2).  In addition, the degree of variability in the plasmolysis frequency data was less than had been observed for Elodea or onion as evidenced by the smaller standard errors (Fig. 2).  
DISCUSSION

Both of the experimental hypotheses were supported by the mean plasmolysis frequency data; i.e., 1) the osmotic potential of the onion bulb scale leaves was estimated to be lower (-0.98 to -1.46 MPa) than the osmotic potential of the Elodea leaves (-0.49 to -0.98 MPa) and 2) the osmotic potential of leaves from the droughted Tradescantia was estimated to be lower (-1.98 MPa) than the osmotic potential of leaves from the watered plant (-1.46 MPa).  Since Elodea is a submerged freshwater aquatic plant, solute accumulation is not necessary for water uptake per see, and the osmotic potential reported presumably represents the minimum concentration of proteins, metabolites, and dissolved ions for the normal cellular metabolism of photosynthetic parenchyma cells.  The osmotic potential estimate for the onion bulb scale leaves is higher (less negative) than has been reported for sugar beets (-2.5 MPa), which are also adapted for carbohydrate storage, however, the differences in osmotic potential may be related to differences in the percentage of sugar vs. starch storage with sugars having more significant effects on osmotic potential.  The differences in osmotic potential between the droughted and watered Tradescantia plants were presumably a consequence of osmotic adjustment, with the decreases in osmotic potential observed for the droughted plant (0.3 to 0.5 MPa), being intermediate relative to the range of osmotic adjustment that is typically reported (0.2-0.8 MPa).

Despite the support that was found for the experimental hypotheses, there were several unexpected patterns in the data sets.  For starters, for three of the four tissue sources evaluated the relationships between sucrose concentration and percentage plasmolysis appeared more or less linear with gradual increases in the percentage plasmolysis being observed over a relatively wide range of sucrose concentrations (1-2 MPa) both for the raw data sets and the class averages.  However, more dimorphic responses had been expected with most of the cells following into the same response class (either plasmolyzed or non-plasmolyzed) depending on the sucrose concentration.  For the class data set, the responses observed for the Elodea leaves was more nearly dimorphic, however, since Elodea had the lowest osmotic potential of the tissues evaluated, most of the sucrose concentrations evaluated may have been supraoptimal and if a range of concentrations between 0.2 and 0.4 M had been tested, linear relationship may have also been observed.  The linear relationships observed may have been a result of insufficient sucrose penetration such that the effective concentrations varied between cells in the explants, however, since all of the samples were only 1-2 cells thick this possibility seems unlikely.  A more probable explanation would be that the cells of the explants were heterogenous in terms of their osmotic potential values.  For example, epidermal cells that had been positioned adjacent to leaf veins or sub-stomatal crypts may have been subjected to more severe water stresses that were typical of other epidermal cells that may have stimulated the development of lower osmotic potentials.


The lower plasmolysis frequencies that were observed for the 1.2 M sucrose treatment than for the 1.0 M sucrose treatment for Elodea were also unexpected (Fig. 1).  For onion and Tradescantia, the mean plasmolysis frequencies increased progressively with the sucrose concentration.  The drop in mean plasmolysis frequency for the Elodea data set appeared to be primarily a consequence of the results of one of the eight lab groups (Table 1). However, several of the other lab groups reported that the degree of plasmolysis as visually assessed was significantly less for the 1.2 M treatment than for lower sucrose concentrations.  In addition, one lab group observed that the walls of several of the cells from the leaves that had been assigned to the 1.2 M sucrose treatment appeared fractured, which may have resulted in damage (piercing) of the plasmalemma and/or tonoplast membranes and allowed for the mixing of the internal and external solutions destroying the water potential gradient for osmosis.  Alternatively, the sudden change in osmotic potential that was engendered upon transfer to the 1.2 M sucrose solution (NOTE:  The osmotic potential of freshwater has been calculated to be approximately -0.01 MPa) may have decreased the water permeability of the plant cell membranes, possibly via changes in the conformation of one or more classes of aquaporins (water channel proteins) in the membranes.
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Figure 1.  Mean percentage plasmolysis ± standard errors for leaf samples Elodea and red onion.  The experimental data was pooled from eight student groups in the Biology 108, see Table 1.
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Figure 2.  Percent plasmolysis ± standard error for the leaf epidermal peels from droughted vs. well-watered Tradescantia pallida plants.  The experimental data was pooled from that of six student groups in the Biology 108, see Table 2.
Table 1.  % Plasmolysis for Elodea and red onion leaf tissues, sorted by lab group.  Each group consisted of two to three Biology 108 students.  The tissue samples (epidermal peels for onion and whole leaves for Elodea) were incubated in the sucrose solutions for 20-30 minutes and subsequently examined for plasmolysis.  Data was collected for 20 randomly selected cells.
	
	
	Sucrose Concentration 

	Plant
	Group
	0 M
	0.2 M
	0.4 M
	0.6 M
	0.8 M
	1.0 M
	1.2 M

	Elodea
	1
	0
	15
	95
	35
	45
	50
	40

	
	2
	0
	10
	80
	100
	100
	100
	100

	
	3
	0
	20
	100
	100
	100
	100
	60

	
	4
	0
	10
	50
	70
	80
	90
	100

	
	5
	0
	0
	20
	50
	50
	90
	100

	
	6
	0
	5
	95
	100
	100
	100
	100

	
	7
	0
	0
	100
	95
	100
	100
	95

	
	8
	0
	25
	90
	100
	100
	100
	100

	
	
	
	
	
	
	
	
	

	Red Onion
	1
	-
	-
	-
	-
	-
	-
	-

	
	2
	0
	15
	35
	80
	100
	100
	100

	
	3
	0
	10
	50
	70
	80
	100
	95

	
	4
	0
	20
	60
	85
	100
	100
	100

	
	5
	0
	10
	20
	35
	50
	100
	100

	
	6
	0
	0
	35
	55
	90
	100
	100

	
	7
	0
	0
	20
	45
	60
	75
	95

	
	8
	0
	0
	0
	45
	80
	90
	100


Table 2. % Plasmolysis for epidermal peels from the leaves of droughted vs. well-watered Trandescantia pallida plants, sorted by lab group.  Each group consisted of two to three Biology 108 students.  The tissue samples were incubated in the sucrose solutions for 20-30 minutes and subsequently examined for plasmolysis.  Plasmolysis data was collected for 20 cells.
	
	
	Sucrose Concentration (Molarity)

	Plant
	Group
	0 M
	0.2 M
	0.4 M
	0.6 M
	0.8 M
	1.0 M
	1.2 M

	Watered
	1
	0
	0
	15
	45
	75
	90
	100

	
	2
	0
	0
	25
	50
	95
	100
	100

	
	3
	0
	0
	0
	35
	70
	85
	100

	
	4
	0
	25
	40
	50
	65
	75
	100

	
	5
	0
	15
	25
	40
	60
	80
	100

	
	6
	0
	0
	20
	50
	80
	100
	100

	
	
	
	
	
	
	
	
	

	Droughted
	1
	0
	15
	25
	55
	85
	100
	100

	
	2
	0
	0
	15
	20
	25
	75
	90

	
	3
	0
	0
	0
	40
	40
	95
	100

	
	4
	5
	20
	25
	35
	65
	100
	95

	
	5
	0
	5
	15
	25
	45
	65
	90

	
	6
	0
	0
	10
	20
	50
	80
	100


_1128978024.xls
Chart1

		0 M (0)		0 M (0)		0		0		0.8331597765		0.8331597765

		0.2 M (-0.49)		0.2 M (-0.49)		4.4086671418		4.4086671418		3.5738572889		3.5738572889

		0.4 M (-0.98)		0.4 M (-0.98)		5.3866211959		5.3866211959		3.8721767267		3.8721767267

		0.6 M (-1.46)		0.6 M (-1.46)		2.5814511512		2.5814511512		5.5890056888		5.5890056888

		0.8 M (-1.95)		0.8 M (-1.95)		5.06791307		5.06791307		8.5292125272		8.5292125272

		1.0 M (-2.44)		1.0 M (-2.44)		4.2154920775		4.2154920775		5.9732384812		5.9732384812

		1.2 M (-2.98)		1.2 M (-2.98)		0		0		2.1077460388		2.1077460388



Watered

Droughted

Sucrose Concentration (Osmotic Potentia, MPa)

% Plasmolysis

0

0.8333333333

6.6666666667

6.6666666667

20.8333333333

15

45

32.5

74.1666666667

51.6666666667

88.3333333333

85.8333333333

100

95.3333333333



Chart2

		0 M (0)		0 M (0)		0		0		0		0

		0.2 M (-0.49)		0.2 M (-0.49)		3.2280741671		3.2280741671		3.1122061297		3.1122061297

		0.4 M (-0.98)		0.4 M (-0.98)		10.313507659		10.313507659		7.7493307685		7.7493307685

		0.6 M (-1.46)		0.6 M (-1.46)		9.3886562345		9.3886562345		7.4006046374		7.4006046374

		0.8 M (-1.95)		0.8 M (-1.95)		8.5072801528		8.5072801528		7.3648239058		7.3648239058

		1.0 M (-2.44)		1.0 M (-2.44)		6.167457859		6.167457859		3.6824119529		3.6824119529

		1.2 M (-2.98)		1.2 M (-2.98)		8.3723424921		8.3723424921		0.9383654548		0.9383654548



Elodea

Onion

Sucrose Concentration (Osmotic Potential, MPa)

% Plasmolysis

0

0

10.625

7.8571428571

78.75

31.4285714286

81.25

59.2857142857

84.375

80

91.25

95

86.875

98.5714285714



PLASMOLYSIS

						Elodea Leaf Tissues

										% Plasmolysis

						Group		Name		0 M		0.2 M		0.4 M		0.6 M		0.8 M		1.0 M		1.2 M

						1		Zach Crabill		0		15		95		35		45		50		40

						2		Maria Breckler and Anthony Parks		0		10		80		100		100		100		100

						3		David Simon and Travis Acra		0		20		100		100		100		100		60

						4		Austin Schlarb and lab partner		0		10		50		70		80		90		100

						5		Ashlie Hart and Amber Spangler		0		0		20		50		50		90		100

						6		Andrea, Lydia, and Daniel		0		5		95		100		100		100		100

						7		Kim Combs and Kristin DeHaven		0		0		100		95		100		100		95

						8		Chaz Vitag and lab partner (Samuel Edwards?)		0		25		90		100		100		100		100

						Average				0		10.625		78.75		81.25		84.375		91.25		86.875

						Std Dev				0		9.0386076677		28.8778214453		26.2882374565		23.8203844277		17.2688820053		23.4425589778

						Std Err				0		3.2280741671		10.313507659		9.3886562345		8.5072801528		6.167457859		8.3723424921

						Red Onion, Bulb Scale Epidermis

										% Plasmolysis

						Group				0 M		0.2 M		0.4 M		0.6 M		0.8 M		1.0 M		1.2 M

						1		N.D.

						2		Maria Breckler and Anthony Parks		0		15		35		80		100		100		100

						3		David Simon and Travis Acra		0		10		50		70		80		100		95

						4		Austin Schlarb and lab  partner		0		20		60		85		100		100		100

						5		Ashlie Hart and Amber Spangler (A.H. data		0		10		20		35		50		100		100

						6		Andrea, Lydia, and Daniel		0		0		35		55		90		100		100

						7		Kim Combs and Kristin DeHaven		0		0		20		45		60		75		95

						8		Chaz Vitag and lab partner (Samuel Edwards?)(		0		0		0		45		80		90		100

						Average				0		7.8571428571		31.4285714286		59.2857142857		80		95		98.5714285714

						Std Dev				0		8.0917359371		20.1482599981		19.2415720573		19.1485421551		9.5742710776		2.4397501824

						Std Err				0		3.1122061297		7.7493307685		7.4006046374		7.3648239058		3.6824119529		0.9383654548

						Tradescantia (Watered)

										% Plasmolysis

						Group				0 M		0.2 M		0.4 M		0.6 M		0.8 M		1.0 M		1.2 M

						1		Thomas Wittke and Frieda Mbatia (T.W. data)		0		0		15		45		75		90		100

						2		Anne Tinkel and Emilee Repine		0		0		25		50		95		100		100

						3		Kyle Quandt and Jenna Dwire		0		0		0		35		70		85		100

						4		Tuan Tran and lab partner		0		25		40		50		65		75		100

						5		Jakob Bills and Andrew Oberlin		0		15		25		40		60		80		100

						6		Brandon Tobin and Linda Winston		0		0		20		50		80		100		100

						Average				0		6.6666666667		20.8333333333		45		74.1666666667		88.3333333333		100

						Std Dev				0		10.8012344973		13.1972219299		6.3245553203		12.4163870215		10.3279555899		0

						Std Err				0		4.4086671418		5.3866211959		2.5814511512		5.06791307		4.2154920775		0

						Tradescantia (Droughted).   Plasmolysis Frequency as a Function of Sucrose Concentration, Raw Data

										% Plasmolysis

						Group				0 M		0.2 M		0.4 M		0.6 M		0.8 M		1.0 M		1.2 M

						1		Thomas Wittke and Frieda Mbatia (T.W. data)		0		15		25		55		85		100		100

						2		Anne Tinkel and Emilee Repine		0		0		15		20		25		75		90

						3		Kyle Quandt and Jenna Dwire		0		0		0		40		40		95		100

						4		Tuan Tran and lab partner		5		20		25		35		65		100		92

						5		Jacob Bills and Andrew Oberlin		0		5		15		25		45		65		90

						6		Brandon Tobin and Linda Winston		0		0		10		20		50		80		100

						Average				0.8333333333		6.6666666667		15		32.5		51.6666666667		85.8333333333		95.3333333333

						Std Dev				2.0412414523		8.7559503577		9.4868329805		13.6930639376		20.8965706915		14.634434279		5.1639777949

						Std Err				0.8331597765		3.5738572889		3.8721767267		5.5890056888		8.5292125272		5.9732384812		2.1077460388

						TRADESCANTIA DATA (Class Averages); Effect of dessication on the rate of plasmolysis of Tradescantia leaf tissues

										0 M (0)		0.2 M (-0.49)		0.4 M (-0.98)		0.6 M (-1.46)		0.8 M (-1.95)		1.0 M (-2.44)		1.2 M (-2.98)

						Watered				0		6.6666666667		20.8333333333		45		74.1666666667		88.3333333333		100

						Droughted				0.8333333333		6.6666666667		15		32.5		51.6666666667		85.8333333333		95.3333333333

						SE (Watered)				0		4.4086671418		5.3866211959		2.5814511512		5.06791307		4.2154920775		0

						SE (Droughted)				0.8331597765		3.5738572889		3.8721767267		5.5890056888		8.5292125272		5.9732384812		2.1077460388

						ONION-ELODEA DATA; Comparative susceptibility of onion and elodea to sucrose induced plasmolysis

										0 M (0)		0.2 M (-0.49)		0.4 M (-0.98)		0.6 M (-1.46)		0.8 M (-1.95)		1.0 M (-2.44)		1.2 M (-2.98)

						Elodea				0		10.625		78.75		81.25		84.375		91.25		86.875

						Onion				0		7.8571428571		31.4285714286		59.2857142857		80		95		98.5714285714

						SE (Elodea)				0		3.2280741671		10.313507659		9.3886562345		8.5072801528		6.167457859		8.3723424921

						SE (Onion)				0		3.1122061297		7.7493307685		7.4006046374		7.3648239058		3.6824119529		0.9383654548





WEIGHT CHANGE
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				10% SUCROSE				30% SUCROSE				50% SUCROSE

		Unknown		Initial Weight		% Weight Gain		Initial Weight		% Weight Gain		Initial Weight		% Weight Gain

		A

		B

		C
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_1128978029.xls
Chart1

		0 M (0)		0 M (0)		0		0		0.8331597765		0.8331597765

		0.2 M (-0.49)		0.2 M (-0.49)		4.4086671418		4.4086671418		3.5738572889		3.5738572889

		0.4 M (-0.98)		0.4 M (-0.98)		5.3866211959		5.3866211959		3.8721767267		3.8721767267

		0.6 M (-1.46)		0.6 M (-1.46)		2.5814511512		2.5814511512		5.5890056888		5.5890056888

		0.8 M (-1.95)		0.8 M (-1.95)		5.06791307		5.06791307		8.5292125272		8.5292125272

		1.0 M (-2.44)		1.0 M (-2.44)		4.2154920775		4.2154920775		5.9732384812		5.9732384812

		1.2 M (-2.98)		1.2 M (-2.98)		0		0		2.1077460388		2.1077460388
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Chart2

		0 M (0)		0 M (0)		0		0		0		0

		0.2 M (-0.49)		0.2 M (-0.49)		3.2280741671		3.2280741671		3.1122061297		3.1122061297

		0.4 M (-0.98)		0.4 M (-0.98)		10.313507659		10.313507659		7.7493307685		7.7493307685

		0.6 M (-1.46)		0.6 M (-1.46)		9.3886562345		9.3886562345		7.4006046374		7.4006046374

		0.8 M (-1.95)		0.8 M (-1.95)		8.5072801528		8.5072801528		7.3648239058		7.3648239058

		1.0 M (-2.44)		1.0 M (-2.44)		6.167457859		6.167457859		3.6824119529		3.6824119529

		1.2 M (-2.98)		1.2 M (-2.98)		8.3723424921		8.3723424921		0.9383654548		0.9383654548
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PLASMOLYSIS

						Elodea Leaf Tissues

										% Plasmolysis

						Group		Name		0 M		0.2 M		0.4 M		0.6 M		0.8 M		1.0 M		1.2 M

						1		Zach Crabill		0		15		95		35		45		50		40

						2		Maria Breckler and Anthony Parks		0		10		80		100		100		100		100

						3		David Simon and Travis Acra		0		20		100		100		100		100		60

						4		Austin Schlarb and lab partner		0		10		50		70		80		90		100

						5		Ashlie Hart and Amber Spangler		0		0		20		50		50		90		100

						6		Andrea, Lydia, and Daniel		0		5		95		100		100		100		100

						7		Kim Combs and Kristin DeHaven		0		0		100		95		100		100		95

						8		Chaz Vitag and lab partner (Samuel Edwards?)		0		25		90		100		100		100		100

						Average				0		10.625		78.75		81.25		84.375		91.25		86.875

						Std Dev				0		9.0386076677		28.8778214453		26.2882374565		23.8203844277		17.2688820053		23.4425589778

						Std Err				0		3.2280741671		10.313507659		9.3886562345		8.5072801528		6.167457859		8.3723424921

						Red Onion, Bulb Scale Epidermis

										% Plasmolysis

						Group				0 M		0.2 M		0.4 M		0.6 M		0.8 M		1.0 M		1.2 M

						1		N.D.

						2		Maria Breckler and Anthony Parks		0		15		35		80		100		100		100

						3		David Simon and Travis Acra		0		10		50		70		80		100		95

						4		Austin Schlarb and lab  partner		0		20		60		85		100		100		100

						5		Ashlie Hart and Amber Spangler (A.H. data		0		10		20		35		50		100		100

						6		Andrea, Lydia, and Daniel		0		0		35		55		90		100		100

						7		Kim Combs and Kristin DeHaven		0		0		20		45		60		75		95

						8		Chaz Vitag and lab partner (Samuel Edwards?)(		0		0		0		45		80		90		100

						Average				0		7.8571428571		31.4285714286		59.2857142857		80		95		98.5714285714

						Std Dev				0		8.0917359371		20.1482599981		19.2415720573		19.1485421551		9.5742710776		2.4397501824

						Std Err				0		3.1122061297		7.7493307685		7.4006046374		7.3648239058		3.6824119529		0.9383654548

						Tradescantia (Watered)

										% Plasmolysis

						Group				0 M		0.2 M		0.4 M		0.6 M		0.8 M		1.0 M		1.2 M

						1		Thomas Wittke and Frieda Mbatia (T.W. data)		0		0		15		45		75		90		100

						2		Anne Tinkel and Emilee Repine		0		0		25		50		95		100		100

						3		Kyle Quandt and Jenna Dwire		0		0		0		35		70		85		100

						4		Tuan Tran and lab partner		0		25		40		50		65		75		100

						5		Jakob Bills and Andrew Oberlin		0		15		25		40		60		80		100

						6		Brandon Tobin and Linda Winston		0		0		20		50		80		100		100

						Average				0		6.6666666667		20.8333333333		45		74.1666666667		88.3333333333		100

						Std Dev				0		10.8012344973		13.1972219299		6.3245553203		12.4163870215		10.3279555899		0

						Std Err				0		4.4086671418		5.3866211959		2.5814511512		5.06791307		4.2154920775		0

						Tradescantia (Droughted).   Plasmolysis Frequency as a Function of Sucrose Concentration, Raw Data

										% Plasmolysis

						Group				0 M		0.2 M		0.4 M		0.6 M		0.8 M		1.0 M		1.2 M

						1		Thomas Wittke and Frieda Mbatia (T.W. data)		0		15		25		55		85		100		100

						2		Anne Tinkel and Emilee Repine		0		0		15		20		25		75		90

						3		Kyle Quandt and Jenna Dwire		0		0		0		40		40		95		100

						4		Tuan Tran and lab partner		5		20		25		35		65		100		92

						5		Jacob Bills and Andrew Oberlin		0		5		15		25		45		65		90

						6		Brandon Tobin and Linda Winston		0		0		10		20		50		80		100

						Average				0.8333333333		6.6666666667		15		32.5		51.6666666667		85.8333333333		95.3333333333

						Std Dev				2.0412414523		8.7559503577		9.4868329805		13.6930639376		20.8965706915		14.634434279		5.1639777949

						Std Err				0.8331597765		3.5738572889		3.8721767267		5.5890056888		8.5292125272		5.9732384812		2.1077460388

						TRADESCANTIA DATA (Class Averages); Effect of dessication on the rate of plasmolysis of Tradescantia leaf tissues

										0 M (0)		0.2 M (-0.49)		0.4 M (-0.98)		0.6 M (-1.46)		0.8 M (-1.95)		1.0 M (-2.44)		1.2 M (-2.98)

						Watered				0		6.6666666667		20.8333333333		45		74.1666666667		88.3333333333		100

						Droughted				0.8333333333		6.6666666667		15		32.5		51.6666666667		85.8333333333		95.3333333333

						SE (Watered)				0		4.4086671418		5.3866211959		2.5814511512		5.06791307		4.2154920775		0

						SE (Droughted)				0.8331597765		3.5738572889		3.8721767267		5.5890056888		8.5292125272		5.9732384812		2.1077460388

						ONION-ELODEA DATA; Comparative susceptibility of onion and elodea to sucrose induced plasmolysis

										0 M (0)		0.2 M (-0.49)		0.4 M (-0.98)		0.6 M (-1.46)		0.8 M (-1.95)		1.0 M (-2.44)		1.2 M (-2.98)

						Elodea				0		10.625		78.75		81.25		84.375		91.25		86.875

						Onion				0		7.8571428571		31.4285714286		59.2857142857		80		95		98.5714285714

						SE (Elodea)				0		3.2280741671		10.313507659		9.3886562345		8.5072801528		6.167457859		8.3723424921

						SE (Onion)				0		3.1122061297		7.7493307685		7.4006046374		7.3648239058		3.6824119529		0.9383654548





WEIGHT CHANGE

		

				LAB SECTION 1

				10% SUCROSE				30% SUCROSE				50% SUCROSE

		Unknown		Initial Weight		% Weight Gain		Initial Weight		% Weight Gain		Initial Weight		% Weight Gain
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