DIFFERENCES IN LEAF COLOR BETWEEN THE NORTH AND SOUTH SIDE OF MAPLE (ACER) TREES
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West Michigan’s landscape contains diverse populations of deciduous trees.  Grand Valley State University’s campus has a natural beech-maple forest community structure (Barnes and Wagner, 2004).  As identified by Barnes and Wagner (2004) the community is diverse in species composition, containing trees such as red maple (Acer rubrum), sugar maple (Acer sacchaarum), and black maple (Acer nigrum). 
The changing seasons influences the process of leaf senescence (Koniger, et al., 2000).  This is the life cycle in a leaf from initial growth to preparation for winter (Koniger, et al., 2000).  Maple trees, for example, are greatly affected by changing weather during each season. During spring, maple trees begin a period of new leaf growth (Koniger, et al., 2000). After the growing period, these trees maintain their leaves for 4-5 months and within a few weeks in the fall the leaves shed from the trees (Koniger, et al., 2000). Due to the short growing period, it is important that leaves reach their optimum photosynthetic rate throughout the months prior to winter (Koniger, et al., 2000). 
Every autumn, diminishing daylight hours and falling temperatures induce trees to prepare for winter (Botts, 2007).  Formerly green leaves turn to shades of yellow, orange, and red. These color changes are the result of transformations in leaf pigments (Botts, 2007). 
The green pigment present in leaves is chlorophyll.  This pigment is necessary for photosynthesis and present in the cells of leaves (Botts, 2007).  Chlorophyll absorbs the red and blue light from the sunlight shinning on the leaves and therefore, the light reflected by leaves appears green (Botts, 2007). Sunlight and warm temperatures are required to maintain the amount of chlorophyll necessary to sustain the green leaf color (Botts, 2007).  
Another pigment found in leaves is carotene.  Carotene absorbs blue-green and blue light from the sunlight and therefore, light reflected appears yellow (Klapotke, 1999). Carotene is also contained in the chloroplasts of plants (Klapotke, 1999).  Red, blue-green, and blue light are removed from sunlight and the leaves appear yellow-green (Klapotke, 1999). Carotene is more stable compared to chlorophyll and remains in the leaves after chlorophyll has broken down and eliminated (Klapotke, 1999).   After chlorophyll is eliminated from the chloroplast, the carotene that remains causes the leaf to appear yellow (Klapotke, 1999).
A third pigment found in leaves is anthocyanin.  Anthocyanin, found in chloroplasts, absorbs blue, blue-green, and green light from sunlight and the light reflected appears red (Klapotke, 1999).   Anthocyanin is formed by a reaction between sugar and proteins within leaf cells. This reaction requires high concentrations of sugar and sunlight (Klapotke, 1999).  Different amounts of sunlight cause variation in the amount of anthocyanin expressed (Klapotke, 1999).  Anthocyanin is more stable than carotene and chlorophyll, and remains in the leaves after these compounds have broken down and disappeared (Klapotke, 1999).
During summer months in Michigan, leaves are producing sugar through photosynthesis.  These high production levels result in high levels of chlorophyll and leaves that appear green (Aker, et al., 2012).  During winter months, there is not enough water or sunlight for photosynthesis.  When the dark period each night becomes long enough, the cells where the leaf and stem meet start to rapidly divide (Aker, et al., 2012).  This location is known as the abscission layer, and is where cells block transport of materials from leaf to the branch (Aker, et al., 2012).  Chlorophyll is constantly being replaced in leaves and being broken down with exposure to light (Aker, et al., 2012).  The leaves must make new chlorophyll to replace what is lost to light exposure (Aker, et al., 2012).  In the fall, when the connection between the leaf and stem gets blocked, the production of chlorophyll will slow down and eventually disappear completely (Aker, et al., 2012).  This is when the other pigments are revealed and the leaves change to yellow, orange, and red colors.
We decided to investigate the color of leaves, light intensity, and air temperature on the north and south side of red, sugar, and black maple trees, asking the following questions:

· Is there a difference in mean leaf color between the north and south side of trees?
· Is there a difference among maple species?

· Is there a difference within black, red, and sugar maples?

· Is there a difference in an individual tree?

· Is there a difference in mean light intensity and/or mean air temperature between the north and south side of trees?

· Is there a difference among maple species?

· Is there a difference within black, red, and sugar maples?

· Is there a difference in an individual tree?
· Is there a difference in the rate of color change between the north and south side of maple trees?
We hypothesized that decreased light intensity and decreased air temperatures would affect color change in leaves.  We think that different areas of trees receive less sunlight resulting in lower temperatures.  The leaves in these locations will have greater color change.

We predicted that the southern side of trees would receive more sunlight which would result in higher temperatures and the northern side of trees would receive less sunlight, resulting in lower temperatures. We expected to find a difference in light intensity and temperature on the northern and southern side of all trees. More specifically, we expect a color difference between north and south sides within one individual tree, between trees of the same species, and among trees of all three species. Based on this, we predicted cooler temperatures and lower amounts of sunlight on the northern side of trees would result in greater color change in leaves.
METHODS

We selected trees with one side exposed to a full amount of sunlight and the other side in a full amount of shade (Figure 1).   The north side of each tree, which was in the shade, was shadowed by surrounding trees allowing the leaves very little sunlight exposure.  The south side of each tree was fully exposed to sunlight because it was facing an open area and due to southern exposure.  Each tree needed to have enough leaves accessible for us to collect.  The top of each tree was out of our accessible area and therefore was not included in our quadrants.
Figure 1. Sun and shade exposure on an individual tree.

We used Barnes and Wagner (2004) to identify sugar, red and black maple trees.
Figure 2 shows our three sampling quadrants for each side of an individual tree.  We randomly chose two leaves from the tip of the centermost branch that was in the middle of each quadrant. 
Figure 2. Sampling quadrants on an individual tree.
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We sampled a total of six trees, two of each species.

We used a light intensity meter to measure light intensity on the north and south side of each tree. We took one light intensity reading from quadrant one and three on each side of the tree (Figure 2).  

We used a Kestrel 2500 pocket weather meter to measure air temperature on each side of each tree. 

The leaf color spectrum we used was Brian Tighe’s Fall Leaves photography piece (Tighe, 2010). We received his permission to modify his work and used his piece to create a color spectrum scale. The scale ranged from 0 to 16 (Figure 3). We took pictures of each leaf immediately after data collection to preserve current color characteristics and then compared colored copies to the leaf color spectrum. We paired individual leaves to the corresponding color on the scale to give each leaf a value based on its color.  Leaves between 0.0 and 0.5 would receive a 0.0 value.  Leaves between 0.5 and 1.0 would receive a value of 0.5. The numbers on the scale increased as the color of the leaves moved from green to yellow to red.
We used a T-test to determine if there was a significant difference in mean leaf color, air temperature, and light intensity between the north and south side of trees.
We wanted to look at the change in day length throughout our data collection.  However, due to the parameters of this experiment, we could not collect data on sunrise and sunset times on our own.  We referenced the Old Farmer’s Almanac (2012) for day length data for Allendale, Michigan on each of our collection dates.
[image: image2.png]Figue3 Lafealorspecmm et

R R R R R
T R I R AR
R AR T A
Al'..ﬁﬁuﬁﬁb-'bﬁﬁ“
P WY T O WGy
22X ARR RN Y o
0-&-:0‘;0..-."
.‘.n:uoa~~00-“
LR R AR I
R T

€ ® e & & & o

R s R T
R AR I
128 i T2 A
TR T T
S T e T
EE I oy VO

e s e




RESULTS

The mean leaf color between the north and south side of all maple trees is presented in Table 1. A significant difference in mean leaf color between the north and south side of maple trees was found (p < 0.001).
Table 1. Mean, SD, and range for leaf color on the north and south side of maple trees.
	

	Statistical Test
	North Side
	South Side
	
	
	
	

	Mean
	4.58
	9.68
	
	
	
	

	SD
	5.11
	5.47
	
	
	
	

	Range
	16.00
	16.00
	
	
	
	


The mean leaf color between the north and south side of trees within sugar maples is presented in Table 2. A significant difference in mean leaf color between the north and south side of sugar maples was found (p < 0.001).
Table 2. Mean, SD, and range for leaf color on the north and south side of sugar maple trees.

	Statistical Test
	North Side
	South Side

	Mean
	4.95
	8.91

	SD
	6.14
	6.12

	Range
	16.00
	16.00


The mean leaf color between the north and south side of trees within black maples is presented in Table 3. A significant difference in mean leaf color between the north and south side of sugar maples was found (p < 0.001).
Table 3. Mean, SD, and range for leaf color on the north and south side of black maple trees.

	Statistical Test
	North Side
	South Side

	Mean
	5.03
	9.01

	SD
	6.08
	6.10

	Range
	16.00
	16.00


The mean leaf color between the north and south side of trees within red maples is presented in Table 4.  A significant difference in mean leaf color between the north and south side of sugar maples was found (p < 0.001).
Table 4. Mean, SD, and range for leaf color on the north and south side of red maple trees.
	Statistical Test
	North Side
	South Side

	Mean
	4.06
	7.85

	SD
	6.16
	6.13

	Range
	16.00
	16.00


The mean leaf color between the north and south side of each individual tree is presented in Table 5. The difference in mean color of leaves between the north and south side of individual trees was significant   (p < 0.001).
Table 5. Mean, SD, and range for leaf color on the north and south side of individual trees.
	Statistical Test
	Red Maple
	Red Maple
	Black Maple
	Black Maple
	Sugar Maple
	Sugar Maple

	
	North
	South
	North
	South
	North
	South
	North
	South
	North
	South
	North
	South

	Mean
	5.12
	6.18
	5.48
	7.24
	6.08
	8.54
	6.3
	8.96
	5.20
	7.94
	5.54
	8.04

	SD
	0.92
	0.94
	0.92
	0.96
	0.92
	0.93
	0.96
	0.94
	0.97
	0.92
	0.94
	0.96

	Range
	3.40
	3.20
	3.60
	3.20
	3.50
	3.40
	3.60
	3.60
	3.20
	3.50
	3.20
	3.40


The mean air temperature between the north and south side of all maple trees is presented in Table 6. There was not a significant difference in mean air temperature between the north and south side of maple trees (p = 0.937).
Table 6. Mean, SD, and range of air temperature between the north and south side of maple trees.
	Statistical Test
	North Side
	South Side

	Mean
	57.55
	57.60

	SD
	7.00
	6.91

	Range
	24.00
	23.80


The mean light intensity between the north and south side of all maple trees is presented in Table 7. There was a significant difference in mean light intensity between the north and south side of all maple trees (p < 0.001).
Table 7. Mean, standard deviation, and range for light intensity on the north and south side of maple trees.

	Statistical Test
	North Side
	South Side

	Mean
	5.14
	6.08

	SD
	0.96
	0.92

	Range
	3.60
	3.50


The mean light intensity on the north and south side of sugar maples is presented in Table 8. There was a significant difference in mean light intensity between the north and south side of sugar maples (p < 0.001).
Table 8. Mean, SD, range for light intensity on the north and south side of sugar maple trees.

	Statistical Test
	North Side
	South Side

	Mean
	6.08
	8.45

	SD
	0.92
	0.96

	Range
	3.50
	3.50


The mean light intensity on the north and south side of black maples is presented in Table 9. There was a significant difference in light intensity between the north and south side of black maples (p < 0.001).
Table 9. Mean, SD, range for light intensity on the north and south side of black maple trees.

	Statistical Test
	North Side
	South Side

	Mean
	5.02
	7.84

	SD
	0.97
	0.98

	Range
	3.60
	3.60

	
	
	


The mean light intensity between the north and south side of red maples is shown in Table 10. There was a significant difference in light intensity between the north and south side of red maples (p < 0.001).

Table 10. Mean, SD, range for light intensity on the north and south side of red maple trees.

	Statistical Test
	North Side
	South Side

	Mean
	5.44
	8.04

	SD
	0.92
	0.96

	Range
	3.60
	3.60


Mean light intensity on the north and south side of individual trees is shown in Table 11. The mean light intensity between the north and south side of individual trees was significant             (p < 0.001).
Table 11. Mean, SD, and range for light intensity on the north and south side of individual trees.
	Statistical Test
	Red Maple
	Red Maple
	Black Maple
	Black Maple
	Sugar Maple
	Sugar Maple

	
	North
	South
	North
	South
	North
	South
	North
	South
	North
	South
	North
	South

	Mean
	5.30
	7.20
	5.40
	7.60
	5.50
	7.80
	5.20
	8.10
	5.40
	7.90
	5.60
	8.30

	SD
	0.92
	0.96
	0.94
	0.95
	0.97
	0.92
	0.93
	0.94
	0.95
	0.96
	0.98
	0.94

	Range
	4.11
	4.09
	4.12
	4.08
	4.06
	4.08
	4.11
	4.01
	4.03
	4.05
	4.08
	4.01


The difference in rate of color change between the north and south side of trees among different species is presented in Figure 4.  The leaf color values for the north and south side of all maple trees were averaged on each data collection and plotted below.  A difference in rate of color change between the north and south side of trees was not found.
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Figure 4. Color change on the north and south sides of trees over time .
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The day length for each of the collection dates is listed in Table 12.  A difference in day length was found.
Table 12. Sunrise, sunset and day length in Allendale, Michigan.

	Collection Date
	Sunrise
	Sunset
	Day Length (hours)

	9/25/2012
	7:35am
	7:35pm
	12:00

	9/27/2012
	7:37am
	7:31pm
	11:54

	10/2/2012
	7:42am
	7:23pm
	11:41

	10/4/2012
	7:45am
	7:19pm
	11:34

	10/9/2012
	7:50am
	7:11pm
	11:21

	10/11/2012
	7:53am
	7:07pm
	11:14


CONCLUSIONS
The results of our investigation supported our prediction that there is a difference in color of leaves between the north and south side of trees. The difference between the north and south side of trees can be explained by the amount of chlorophyll in the leaves (Clatterbuck, 1995). Leaves located in the shade, on the north side, receive less sunlight and therefore have less sugar present in the leaves.  This results in less chlorophyll breakdown (Clatterbuck, 1995).  Leaves in full sunlight, on the south side, have more sugar resulting in greater chlorophyll breakdown.  Chlorophyll is broken down when it is continually allocated by the plant.  However, during the growing season photosynthesis is able to replace the chlorophyll (Clatterbuck, 1995).  When chlorophyll is no longer present the carotenes and anthocyanins are expressed.  The presence of these pigments causes the leaf color to change (Clatterbuck, 1995). 
The results of our investigation did not support our prediction that a decrease in light intensity and air temperature would result in greater color change on the north side of trees.  While we expected to find a difference in air temperature between the north and south side of trees, a significant difference was not found.  A decline in air temperature does cause the leaves to change but is not the primary factor because the average air temperature varies from year to year (Botts, 2007).   However, decreasing day length is constant every fall due to the tilt of the earth.  For this reason, shorter day length has a greater effect on color change (Botts, 2007).
We found a difference in light intensity between the north and south side of trees which accounts for the apparent day length.  Trees on the south side have received intense sunlight for longer periods of time during the summer compared to trees in shaded conditions (Chabot, 1977).  As day length decreases, the trees located in the sunlight react to lower light intensity conditions more drastically (Chabot, 1977).  Because the shaded trees are exposed to minimal amounts of sunlight year round, as the day length shortens the effect is not as severe on this side of the tree (Chabot, 1977). 
As apparent day length decreases, the south side of the tree is not able to reach saturation point.  Saturation point is the amount of sunlight needed to maintain a constant rate of photosynthesis.  When the amount of sunlight needed to meet saturation point is not reached, the breakdown of chlorophyll is induced and other pigments are expressed (Burnside, 1986). The saturation point on the south side of the tree is higher than that of the north (Burnside, 1986).  For this reason, as day length shortens saturation point cannot be met and chlorophyll breakdown begins earlier. On the north side of trees, saturation point is lower, and therefore can be reached for a longer amount of time (Burnside, 1986).  Because less light intensity is required to maintain the photosynthetic rate, the breakdown of chlorophyll begins later than the leaves on the south side (Burnside, 1986).   For this reason, carotenoids and anthocyanins take longer to express themselves in these leaves.
We did not find a difference in the rate of color change between the north and south side of trees.  It is possible that the south side of trees started their color change sooner than the leaves on the north side.  Because of this we saw a greater color change in the leaves on the south side however; they were not changing color faster.
We expected to find a difference in day length, but were surprised by the amount of day light lost over the course of the investigation. The difference in day length is due to the latitude of Michigan.  As latitude increases, the day length becomes shorter.  Between June 21st and December 21st the day is shortening.  The change in day length continues to increase as the date approaches winter solstice.  After the first day of winter, the day length begins to increase again. 
While our investigation answered all of our initially proposed questions, throughout the study new questions arose.  We wondered if the sizes of leaves effect color change.  We would look at the size of leaves between the north and south side of trees and investigate the different amounts of sugar associated with the varying sizes.  We also wondered if leaf composition effects color change.  We would look at the different compositions of leaves and look for correlations between the composition and amount of sugar present in the leaf.
If we conducted the investigation again, we would look at the difference in mean surface area and biomass of leaves between the north and south side of the tree.  After identifying the color of each leaf, we would press and dry them so we could measure the surface area and biomass.  To find the surface area we would trace each leave on graph paper and count the square centimeters within the traced pattern. To determine the biomass we would weigh each leave on a 200-gram scale.  We could use this data to find the specific leaf area for all leaves by dividing the surface area by its biomass.  This procedure was adapted from the article Differences in Mean Surface Area and Biomass of Leaves on the North and South Side of Oak and Maple trees (Dody, et al. 2012).  Surface area and biomass data would allow us to make inferences about the relationship between leaf color change and leaf composition.
We would also change the number of collection periods if this investigation was conducted again.  We would collect data six times throughout each collection day.  Collecting data over a greater period of time would allow us to see the variation in light intensity and leaf color throughout each day.  The light intensity data would also allow us to see when the peek light intensity was met for each side of the tree.  Next time, we would also collect our own day length data.  This would allow us to see the sunrise and sunset time for each side of each tree.  From this data we would calculate the day length for each side of the individual trees.
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