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Abstract 
 
 Andropogon gerardii (big bluestem) and Bouteloua gracilis (blue grama) play a 
major role in the nutrient cycles of prairie ecosystems.  Four nutrients (potassium, calcium, 
magnesium, and phosphorus) were determined in this experiment.  Three types of plants 
(big bluestem in field soil and blue grama in field and in steam-sterilized soil) were 
prepared and analyzed using ICP-AES.  The weight percentages of each nutrient for each 
plant sample were calculated. There was a clear difference in the weight percentages for 
potassium between the blue grama samples grown in different soils. There was a clear 
difference in the weight percentages for magnesium between blue grama and big bluestem.   
 
Introduction 
 
 In nutrient cycling, plants are responsible for uptake of nutrients from the soil. All 
plants require 13 mineral nutrients that must be obtained from the soil or from aquatic 
surroundings.1,2 These include nitrogen, sulfur, phosphorus, calcium, potassium, 
magnesium, iron, boron, manganese, zinc, molybdenum, and chlorine. Without these 
nutrients, a plant’s life cycle is arrested, but excessive levels can be toxic.1 Many of these 
nutrients are also essential for animals, which use plants as their nutrient source.1   

Potassium, calcium, magnesium, and phosphorus are required in relatively large 
amounts compared to micronutrients such as iron, manganese, and zinc.1 Potassium is used 
to maintain the osmotic balance of cells and to regulate cellular pH. It is also vital in 
regulating guard cell turgor pressure.3 Calcium strengthens plant cell walls and is involved 
in membrane permeability.3 Magnesium is a component of chlorophyll, and phosphorus is 
part of several biological molecules including nucleic acids, phospholipids, and ATP.3 

Andropogon gerardii (big bluestem) is one of the major plant species in mesic 
prairies, and Bouteloua gracilis (blue grama) is a dominant species in dry prairies.4 
Therefore, both play a major role in the nutrient cycles of prairie ecosystems. Both species 
also have mycorrhizae, a mutalistic fungus that lives in close association with their roots.5 
Mycorrhizae increase the effective surface area of a plant’s root system, providing it with 
more access to nutrients in the soil. Therefore, it is expected that plants with mycorrhizae 
will have higher nutrient concentrations than plants without mycorrhizae.   

Measuring nutrients in plant tissues is often done by dry ashing or acid digestion of 
a sample followed by analysis using atomic absorption, inductively coupled plasma-atomic 
emission spectroscopy (ICP-AES), or ICP-mass spectroscopy.6,7,8 In this study, samples from 
big bluestem and blue grama were prepared using a dry ash method. Samples were 
analyzed using ICP-AES.9,10     
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Experimental 
 
Standard Preparations 
 

Standard stock solutions (50 ppm) of each element (K, Ca, Mg, P) were prepared by 
transferring 5 mL of 1000-ppm standard (Sigma-Aldrich) into 100-mL volumetric flasks 
and diluting with de-ionized water. Standards of 1, 2, 5, and 10 ppm were then prepared by 
dilution in 50mL volumetric flasks with deionized-water.  
 
Sample Preparations 
 

The plants used were big bluestem grown in field soil, blue grama grown in field 
soil, and blue grama grown in steam-sterilized soil. Each type of plant was prepared and 
analyzed three times. The plants were harvested from the Concordia greenhouse and 
washed in a wire mesh to remove any remaining soil.  Each plant sample was placed in a 
brown paper bag and dried in a drying oven overnight at 80⁰C.9 After drying, the samples 
were removed from the drying oven, cut up, and weighed to approximately 1g.  Each plant 
sample was placed in a crucible, covered, and ashed in a muffle furnace at 550⁰C for 4 h.10    

Once the crucibles were cool, 5 mL of 3 M HCl was added to each crucible, and then 
each one was boiled on a hot plate for 5 min.  When the crucibles were cool, the liquid of 
each sample was transferred into its own 100-mL beaker in order to ensure that only a 
small amount of the ash was transferred.  Each liquid sample was transferred to its own 
100-mL volumetric flask, and diluted with de-ionized water. Sample solutions were 
prepared by transferring 5mL of each sample stock solution into 50-mL volumetric flasks 
and diluting with de-ionized water. 

 
Instrument Preparation 
 

The standards and sample solutions were analyzed using a Varian 715-ES ICP 
Optical Emission Spectrometer. The argon gas source was at 80 psi. The plasma flow rate 
was 15.0 L/min, and the power was 1.00 kW. The instrument was blanked with de-ionized 
water. All elements were determined simultaneously.    
 
Results and Discussion 
 
 Standard solution concentration data was collected and plotted in calibration curves 
as shown in Fig. 1. A weight percent for each sample was then calculated from the 
concentration data. Since all three replications produced comparable data, an average 
weight percent for each element in each plant type was calculated. These averages were 
plotted on a bar graph in Fig. 2 to compare the relative amounts of each element in each 
plant.   
 There was a clear difference in the weight percentages for potassium between the 
blue grama grown in field soil and the blue grama grown in steam-sterilized soil. This is 
unexpected because the blue grama in steam-sterilized soil should not have mycorrhizae. 
Additionally, the steam-sterilized soil has a lower potassium concentration than the field 
soil according to soil analysis performed at North Dakota State University.5 However, the 
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steam-sterilized soil has a higher nitrogen content.5 Since nitrogen is often a limiting 
nutrient for plant growth, the blue grama in the steam-sterilized soil could be growing 
more. As a result, it is taking up more potassium than the blue grama in the field soil dispite 
the lack of mycorrhizae.  Across species, blue grama grown in steam-sterilized soil had a 
larger weight percent of potassium than big bluestem. This could also be due to different 
growth rates thanks to a higher nitrogen content.  
  Across species, there was a clear difference in the weight percent of magnesium. Big 
bluestem had the highest weight percent, and blue grama grown in field soil had the lowest. 
At the time of harvest, big bluestem was taller than either blue grama sample. Therefore, it 
likely has more chlorophyll, and thus more magnesium. For the element calcium,  blue 
grama in field soil had the highest weight percent, and blue grama in steam-sterilized soil 
had the lowest.  For the element phosphorus, blue grama in steam-sterilized soil had the 
highest weight percent, and big bluestem had the lowest. This is expected because the 
steam-sterilized soil had a higher phosphorus content.  

 

 
Figure 1. Calibration plots of Ca (top left), K (top right), Mg (bottom left), and P (bottom right). 
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Figure 2.  The average percent weight of each element in each type of plant. Error bars 
display one standard deviation. 

Table 1. The percent weight in each plant for Ca and K. 
 Ca K 
Sample Run 1 Run 2 Run 3 Ave Std dev Run 1 Run 2 Run 3 Ave Std dev 
Blue 
Grama 
Field 

0.50158 0.66263 0.72308 0.62910 0.11450 0.33304 0.35108 0.43036 0.37149 0.05177 

Blue 
Grama 
Steam 

0.43326 0.57043 0.53834 0.51435 0.07192 0.91134 0.72881 0.77714 0.80577 0.09457 

Big 
Bluestem 0.52491 0.57051 0.74253 0.61265 0.11477 0.28358 0.39651 0.57134 0.41714 0.14499 

 
Table 2. The percent weight in each plant for Mg and P. 

 Mg P 
Sample Run 1 Run 2 Run 3 Ave Std dev Run 1 Run 2 Run 3 Ave Std dev 
Blue 
Grama 
Field 

0.11217 0.20654 0.14995 0.15622 0.04750 0.11555 0.14781 0.13649 0.13328 0.01637 

Blue 
Grama 
Steam 

0.17130 0.17789 0.17535 0.17485 0.00333 0.16462 0.17442 0.15860 0.16588 0.00799 

Big 
Bluestem 0.25845 0.28265 0.32195 0.28768 0.03205 0.12006 0.11927 0.09739 0.11224 0.01287 

 
Conclusions 
 A method for determining the amount of nutrients in plant tissues using ICP-AES 
was successfully reproduced. Calcium and phosphorus weight percents were about the 
same in all three plant types. Potassium was highest in blue grama grown in steam-
sterilized soil (0.80577 ± 0.09457). This is likely due to differences in soil nitrogen content.  
Magnesium was highest in big bluestem (0.28768 ± 0.03205). This is likely due to the 
difference in height between the two plant species.   
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Further research would include developing standard additions to elimate possible 
matrix effects.  Different parts of the plant can be analyzed. For example, the plant leaves 
can be compared to the the roots.  The number of elements analyzed can be broadened to 
include micronutrients in order to receive a more complete picture of the concentrations of 
various elements in one plant sample. 
 
Acknowledgments 
 
 Thanks to Dr. Laura Aldrich-Wolfe, Concordia College Biology Department, for 
providing the plants and the soil nutrient data as well as her expertise on the plant species.  
 
References 
 
1) Loneragan, J.F. Plant mineral nutrition. 

http://www.accessscience.com.cordproxy.mnpals.net (accessed April 12, 2011). 
2) Kissel, D.E.; Fixen, P. Soil fertility. http://www.accessscience.com.cordproxy.mnpals.net 

(accessed April 12, 2011).  
3) Cain, M.L.; Bowman, W.D.; Hacker, S.D. Ecology; Sinauer: 2008. 
4) Tester, J.R. Minnesota’s natural heritage: An ecological perspective; University of 

Minnesota Press: 1995. 
5) Aldrich-Wolfe, L. Personal communication. 
6) Rowan, C.A.; Zajicek, O.T.; Calabrese, E.J. Dry Ashing Vegetables for the Determination of 

Sodium and Potassium by Atomic Absorption Spectrometry. Anal. Chem. 1982, 54, 149-
151. 

7) Agricultural Analytical Services Lab. Plant methods. 
http://www.aasl.psu.edu/Plt_methods.html (accessed 9 March 2011) 

8) Verstraete, D.; Riondato, J.; Vercauteren, J.; Vanhaecke, F.; Moens, L.; Dams, R.; Verloo, M. 
Determination of the uptake of [Pt(NH3)4](NO3)2 by grass cultivated on a sandy loam 
soil and by cucumber plants, grown hydroponically. Sci. Total Environ. 1998, 218, 153-
160. 

9) Agricultural and Environmental Services Laboratories. Sample preparation. 
http://aesl.ces.uga.edu/protected/methods/details/stl-plant/1.html (accessed 13 
March 2011) 

10) Agricultural and Environmental Services Laboratories. Plant tissue analysis. 
http://aesl.ces.uga.edu/protected/methods/details/stl-plant/2.html (accessed 10 
March 2011) 

  
 


