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Figure 8.  Empty mesocosms, UMFS 

 

Figure 9. Experimental set-up. 
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4.2 Laboratory Analyses 

 Above- and belowground biomass were measured in the laboratory in the UM Biology 

Department in Oxford, MS. Clean specimens were sorted by species. Above-and belowground 

structures were separated, weighed and dried in a drying oven at 85 degrees Celsius for 48 hours 

to determine above and below ground biomass.  

Samples of root and stem tissue were collected, prior to drying, from each specimen and 

sent to the University of Georgia Soil, Plant, and Water laboratory, in Athens, GA, to be 

analyzed for total inorganic phosphorous (TIP) and four other nutrients.   

 

4.3 Statistical Analyses 

A multi-factor mixed effect ANOVA was used to compare means of plant nutrients 

among months, between location on plant (root or leaves), between phosphorus treatment, 

control versus dosed, and with interactions among those three factors. Specimen was treated as a 

random factor in the ANOVA, resulting in a split-plot analysis with location on plant as the 

within-plot factor, and month and phosphorous treatment as between-plot factors. Separate 

analyses were used for each plant species, for each of the five response variables: percent 

phosphorus, percent magnesium, percent calcium, percent sulfur, and biomass. Significance was 

accessed using α=0.05. Adjusted (least-squares) means and standard errors were calculated for 

the significant effects. For significant interactions or significant main effects of month, means 

were compared using a priori contrast. All analyses were performed using the lmer() function in 

the lmerTest package of R version 3.1. 
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CHAPTER 5 

RESULTS 

 

5.1 Typha latifolia 

5.1.1 Phosphorous 

 The results of the ANOVA showed the phosphorus-treated specimens contained more 

phosphorous than the control specimens (F1.24= 4.57, p=0.04282, Figure 10). There was a trend 

toward a P treatment by plant location interaction, whereby the treated specimens contained 

more P in roots than aboveground parts, whereas the control specimens had similar P 

concentration in roots and aboveground parts (F1.24= 4.0862, p=0.05452, figure 10). 
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Figure 10.  Mean above-belowground percent P compared for treated and control specimens of 

Typha latifolia (±SE, n=60). Means that share letters were not significantly different. 

 

Month and location had no effect on P concentration (p=0.20146).

 

5.1.2 Calcium 

 There was a significant three-way interaction of the treatment of phosphorous on the 

storage location of calcium between months (F2.24=7.984, p=.0021974, Figure 11). The 

leaves/shoots had higher means than the roots. Higher amounts of Ca were found specifically in 

the growing season (June and July), than the non-growing month (October).  The specimens that 

served as control had higher amounts of Ca.  
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Figure 11. Typha latifolia above- and belowground percent Ca of treated and control specimens 

compared over months (±SE, n=60). Means that share letters were not significantly different 

across the post-hoc significant effect contrasts within each location x treatment combination. 

 

 

 

 

 

5.1.3 Potassium 

 There was a significant three-way interaction of the treatment of phosphorous on the 

storage location of potassium between months (F2.24=3.9483, p=0.03293, Figure 12).There was 

more potassium (K) in June and July than October. Specimens that were treated with 

phosphorous contained more K than the control specimens. The control specimens contained 

more K in roots in the non-growing than the growing, and conversely contained more K in the 
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Figure 12.  Typha latifolia above- and belowground percent K of treated and control specimens 

compared over months (±SE, n=60). Means that share letters were not significantly different 

across the post-hoc significant effect contrasts within each location x treatment combination. 

 

 

5.1.4 Magnesium 

 Results show a significant effect of treatment of phosphorous and storage of magnesium 

(Mg) over months (F2.48=5.0747, p=.01002, Figure 13). Specimens contained more Mg in the 

growing season (June and July) than the non-growing (October). The treated specimens 
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Figure 13. Percent Mg of treated and control specimens, of Typha latifolia, compared over 

months (±SE, n=60). 

 

 There was a significant difference between the storage of Mg in roots and leafs/shoots 

(F1.48=24.5742, p=9.324e-06, Figure 14). The leaves/shoots contained more Mg than the roots.  
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Figure 14.  Typha latifolia above- and belowground percent Mg (±SE, n=60). 

 

5.1.5 Sulfur 

 The treatment of P had no significant effect (p= 0.982). The results show a significant 

difference between the amount of Sulfur (S) between the different months (F2.24=9.6595, 

p=0.0008363, Figure 15). The growing months contained more S than the non-growing month. 

The month of July had the highest amount of S.  

0

0.05

0.1

0.15

0.2

0.25

Root Leaf/Shoot

%
 M

ag
n

es
iu

m



 30 

 

Figure 15. Percent S, in Typha latifolia, compared over months (±SE, n=60). 

 

 There is a significant difference between location of S in the plants (F1.24=19.9409, 

p=0.0001617, Figure 16).  The leaf/shoots contained more S than the roots.  

 

Figure 16. Typha latifolia above- and belowground percent S (±SE, n=60). 
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Figure 21.  Percent K, in Carex lurida, compared over months (±SE, n=60). Means that share 

letters were not significantly different. 

 

 There is a significant difference between the location of K on the plant (F1.32=38.621, 

p=5.84e-07, Figure 22), with a higher amount of K in the leaf/shoot than the root. 
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Figure 22. Carex lurida above- and belowground percent K (±SE, n=60). 

 

 

5.2.4 Magnesium 

 The treatment of P had no significant effect (p= 0.991913). Results show a significant 

difference between location of Magnesium (Mg) and month (F3.32=4.0594, p=0.014934, Figure 

23). There was no significant difference in the concentration of Mg over the seasons, but there 

was an increase in storage of Mg in roots from growing season to non-growing. In the growing 

season higher concentrations of Mg were in the leaves/shoots. Similar concentrations of Mg were 

found in leaves/shoots and roots in the non-growing season.   
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Figure 23. Carex lurida above- and belowground percent magnesium compared over months 

(±SE, n=60). Means that share letters were not significantly different. 

 

 

5.2.5 Sulfur 

 The treatment of P had no significant effect (p= 0.3319411). There is a significant 

difference in the amount of Sulfur (S) between months (F3.32=9.4080, p=.0001318, Figure 24). 

There are higher amounts of S in the non-growing months than the growing. There is also a 

significant increase in S from June to July. 
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Figure 24. Percent S, in Carex lurida, compared over months (±SE, n=60). Means that share 

letters were not significantly different. 

 

 The results show a significant difference between the location of S (F1.32=4.9284, p= 

0.0336263, Figure 25). There is more S in the leaves/shoots than the roots.  
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Figure 25. Carex lurida above- and belowground percent S (±SE, n=60). 

 

 

5.2.6 Mass  

 There is a significant interaction of mass between months and location on the plant 

(F3.32=8.3952, p= 0.0002, Figure 26). There was an increase in root mass from June to July, but 

no significant change in mass of leaves/shoots. September and October showed no significant 

difference in storage location, but did show a significant decrease in overall mass from 

September to October. 
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Figure 26. Carex lurida above- and belowground mass compared over months (±SE, n=60). 

Means that share letters were not significantly different. 

 

 

5.3 Weather Results 2015 

 The average temperature for the 2015 growing and the non-growing season showed an 

increase from normal and 2014’s temperature (Table 1). The months of October and November 

were especially high with averages of 1.3 and 4.7 degrees Fahrenheit from normal temperatures. 

The average daily precipitation showed a slight increase from normal (Table 2). Both June and 

September had decreases in amount of precipitation.  
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Monthly Average Temperature Report (F) 

Month (2015) Observed  Normal  
Depart from 
normal 

Last year's 
(2014) 

May 71.5 70.7 0.8 71.3 

June 79.2 78.1 1.1 78.8 

July 83 81.4 1.6 76.5 

August 78.8 80.8 -2.00 80.5 

September 74.7 74.1 0.6 75.5 

October 64.3 63 1.3 65 

November 57.6 52.9 4.7 46.8 
 

Table 1.  Average Temperature per month (NOAA, 2016). 

 

Monthly Average Precipitation Report (inch/day) 

Month (2015) Observed Rain (inch) Normal 

Depart 
from 
normal 

Last 
year's 
(2014) 

May 0.29 0.18 0.11 0.14 

June 0.11 0.15 -0.04 0.28 

July 0.33 0.13 0.2 0.2 

August 0.21 0.11 0.1 0.04 

September 0.01 0.11 -0.1 0.11 

October 0.13 0.13 0 0.27 

November 0.21 0.16 0.05 0.15 
 

Table 2. Average precipitation per day (NOAA, 2016).
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CHAPTER 6 

DISCUSSION 

6.1 Application of Phosphorous  

The application of phosphorous had no significant effect on Carex lurida, but had a 

significant effect in Typha latifolia. Typha latifolia that was dosed with phosphorous had larger 

amounts of P in both above and belowground biomass than the control (Figure 10), showing 

plants store more nutrients than are necessary for growth (Cronk and Fennessy, 2001). Dosed 

specimens of Typha latifolia also had larger amounts of potassium (Figure 13), and magnesium 

(Figure 14) than control specimens. Magnesium is a carrier of phosphorous in plants (Spectrum 

Analytic Inc., 2016), and potassium is required to translocate phosphorous (IPNI, 1998). My 

results corroborate the fact that plants with higher amounts of phosphorous contain larger 

amounts of magnesium and potassium to carry and translocate the phosphorus throughout the 

plant.

 

6.2 Change over seasons 

Plants typically contain fewer nutrients in the fall and winter as they enter a dormant 

stage, and higher concentration of nutrients in early growing season (Johnston, 1991). Dormancy 

occurs due to decreasing daylight and lower temperatures (Raven et al. 2005). My expectations 

were that storage of phosphorous would change locations during the season. However, my 
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results show the storage of phosphorous between above-and belowground biomass for Typha 

latifolia over the seasons was not significant. In Typha latifolia the storage of calcium, 

potassium, magnesium, and sulfur were greater in the growing months of June and July than the 

non-growing month of October (Figures 12, 13, 14, 16)

Carex lurida contained larger amounts of nutrients in the non-growing season than the 

growing. In the months of September and October Carex lurida contained higher amounts of 

phosphorous, calcium, potassium, and sulfur compared to June and July (Figures 21, 22, 24, 25, 

28), specifically with larger amounts of nutrients in the specimens harvested in September than 

in October.  For the non-growing seasons the specimens were collected in the beginning of 

October and November. Both months had temperatures that were higher than normal (Table 1). 

The month of October had an increase of 1.3 degrees Fahrenheit from normal, with a maximum 

temperature of 76 degree Fahrenheit. November had an increase of 4.7 degrees Fahrenheit from 

normal, with a maximum temperature of 68 degrees Fahrenheit. With higher temperatures than 

normal the plants may not have responded to environmental cues to begin translocating nutrients 

to belowground biomass from aboveground biomass (Cronk and Fennessy, 2001), and were still 

actively using nutrients for photosynthesis and growth.  

6.3 Storage of nutrients 

  Carex lurida contained more phosphorous in leaves/shoots than roots (Figure 22).  

Phosphorous (P) is required for photosynthesis, and typically found in large amounts in leaves 

(Raven et al. 2005). When the supply of P in soils is high, plants store the excess in older leaf 

tissue and vacuoles (Schachtman et al, 1998). The control specimens of Typha latifolia contained 
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more P in leaves/shoots than roots, while the dosed specimens, although they contained more P 

than the control, contained more P in roots than leaves/shoots. This could be due to insufficient 

sampling size as a result of the death of specimens from the month of September, or the 

specimens could have been storing more P in roots to prepare for vegetative growth. Large 

amounts of P are needed to transfer the genetic code (IPNI, 1999), and none of the specimens 

were developing sexually.  

   Typha latifolia contained more calcium, Ca, in leaves/shoots than in roots. This was 

similarly observed in Carex lurida with the exception of the month of September (Figure 12 and 

24). Ca is important in mitochondrial function. Leaves of plants that are undergoing 

photosynthesis would need larger amounts of Ca (Hepler, 2005).  

 Potassium, K, ions are important in the production of ATP, and adequate supplies of K 

are needed for photosynthesis to proceed, and for the opening and closing of stomata (IPNI, 

1998). Carex lurida results show more amounts of Potassium, K, in leaves than in roots (Figure 

26), indicating high levels of photosynthesis occurring. There was a significant difference 

between dosed and control specimens of Typha latifolia, and location of K (Figure 13). 

Specimens treated with P contained more overall storage of K in roots compared to 

shoots/leaves, this suggests the specimens were storing the excess K in roots.  Control specimens 

of T. latifolia contained more K in roots in October, while June and July contained more K in 

shoots/leaves. Without extra supplies of K the specimens were using what was available in above 

ground tissue to undergo photosynthesis, until October when greater amounts of nutrients were 

being stored in roots in preparation for winter.  

 Results from Typha latifolia specimens show there were greater amounts of Magnesium, 

Mg, in shoots/leaves than in roots (Figure 15), as does Carex lurida (Figure 27), with the 
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exception of the month of October. Typha latifolia contains larger amounts of Mg in the growing 

season than the non-growing season (Figure 14). Mg is a main component in chlorophyll, and is 

therefore a requirement for photosynthesis (Patterson, 2016). High levels of Mg in leaves rather 

than roots indicate use of Mg in photosynthesis, rather than storage such as what is seen in Carex 

lurida in the month of October when greater amounts of Mg are found in roots than leaves/shoots 

(Figure 27). Both Carex lurida and Typha latifolia contain more sulfur, S, in aboveground 

biomass than belowground biomass (Figure 17, and 29), which is to be expected, since sulfur is 

an important element in the formation of chlorophyll (Steward, 2010). 
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CHAPTER 7 

SUMMARY AND CONCLUSION 

 

 The original intent of this research was to investigate how two wetland plant species store 

phosphorous between seasons. After the experiment was concluded results for the amounts of 

other nutrients were also determined. The first hypothesis was that the storage of phosphorous 

would be greater in belowground biomass in the non-growing season compared to the growing 

season. The results were not significant for either species in reference to phosphorous. The 

second hypothesis was that the storage of phosphorous would be greater in aboveground biomass 

in the growing season compared to the non-growing season. The results were not significant for 

either species in reference to phosphorous. So neither hypothesis can be proven true.  Although 

there was no significance for phosphorous storage, the results did yield significance for other 

nutrients.  

 Both Carex lurida, and Typha latifolia showed significant differences in the storage of 

calcium, with both storing more calcium in above ground biomass than belowground biomass in 

the growing season, and more calcium in belowground biomass than the aboveground biomass in 

the non-growing season. This is also seen in the results from Carex lurida and the storage of 

magnesium, where there was more storage in the roots in the non-growing season than the 

growing. 

 This study also showed that plants store more nutrients in the non-growing season than 

the growing. Although they may be taking in larger amounts of nutrients from the water system 
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in the early growing season they are readily using them and not storing them as they would be in 

the fall and winter. This study also shows that the dosing of phosphorous not only affects the 

storage of other nutrients, but also affects the location of the storage of those nutrients.  

 

7.1 Recommendations for Future Research 

 In order to learn more about the storage of phosphorous in above- and belowground 

biomass between seasons, it is recommended to repeat the experiment increasing the number of 

specimens. A similar experiment should be conducted, but for a longer period that extends into 

winter, such as December or January, to see the full extent of the non-growing season. To further 

understand the effect of phosphorous on the storage and location of other nutrients within plants 

it is recommend a similar experiment be conducted using more replicates and varying amounts of 

phosphorous.  

 

7.2 Significance of the Study  

 The important findings of this study were that there was a significant difference in the 

storage of nutrients between above- and belowground biomass between months. The findings 

also show that plants that have excess amounts of phosphorous store them differently than under 

normal conditions. The study shows that specimens with increased amounts of phosphorous in 

the water take up more phosphorous and store more in aboveground biomass, even in the non-

growing season.  Although these specimens continue to take up nutrients in the non-growing 

season, it is in lower amounts than the growing. Therefore the aboveground biomass in the non-

growing season would still contain large amounts of phosphorous, and cutting the above ground 
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vegetation, by farmers and landowners, of both Carex lurida and Typha latifolia in the non-

growing season, could release larger amounts of nutrients, specifically phosphorous, into the 

water system than previously estimated. This increase in nutrients could lead to higher levels of 

eutrophication of downstream receiving systems.
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Table 3. ANOVA results for interactions of Typha latifolia with Phosphorous as response 

variable. 

 

 

Table 4. ANOVA results for interactions of Typha latifolia with Calcium as response variable
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Table 5. ANOVA results for interactions of Typha latifolia with Potassium as response variable. 

 

 

Table 6. ANOVA results for interactions of Typha latifolia with Magnesium as response 

variable. 

 

 

Table 7.  ANOVA results for interactions of Typha latifolia with Sulfur as response variable. 
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Table 8. ANOVA results for interactions of Typha latifolia with dry mass as response variable. 

 

 

Table 9. ANOVA results for interactions of Carex lurida with Phosphorous as response variable.  

 

 

Table 10. ANOVA results for interactions of Carex lurida with Calcium as response variable. 
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Table 11. ANOVA results for interactions of Carex lurida with Potassium as response variable. 

 

 

Table 12. ANOVA results for interactions of Carex lurida with Magnesium as response variable. 

 

 

Table 13. ANOVA results for interactions of Carex lurida with Sulfur as response variable. 

 

 

Table 14. ANOVA results for interactions of Carex lurida with dry mass as response variable. 
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