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experiments

• Spartina patens experiment
– nutrients and salinity stress

• Taxodium distichum experiment
– nutrients and flooding stress



Morris et al.  2013.  
Wetlands 



• nutrient availability and flooding stress 
interacted with the interaction dominated by 
flooding stress.
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• Nutrient additions increase biomass of 
Spartina patens at high and low salinity 
(DeLaune et al. 2005).

• Nutrient additions increased biomass of 
Spartina patens at low salinity but not high 
salinity (Foret 2001).  
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experiments

• Spartina patens experiment
– nutrients and salinity stress

• Taxodium distichum experiment
– nutrients and flooding stress





element treatment 
#2

treatment 
#3

treatment 
#4

N 56.6 282.9 1,131.8

P 28.3 141.5 565.9

K 14.1 70.7 282.9

S 5.6 28.3 113.2

Fe 7.1 35.4 141.5

Mn 5.6 28.3 113.2

Mg 6.4 31.8 127.3

Zn 3.3 16.7 66.8

• Treatment #1 had no 
additional nutrients. 

• Nutrient enhancement rates (g 
m-2) in the remaining 
treatments were….  
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element treatment 
#2
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#3

treatment 
#4
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m-2) in the remaining 
treatments were….  

• All trees in treatment 4 died
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• nutrient availability and flooding stress 
interacted with the interaction dominated by 
flooding stress (Figure 1c).

Nyman and Lindau 2016 Journal of Environmental and Experimental Botany 125:77-86



• Nutrients increase growth of Taxodium
distichum (e.g.; Brown 1981, Shaffer et al. 
2015).

• Nutrient additions failed to increase growth of 
Taxodium distichum (Keim et al. 2012).  
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flooding stress Keim et al. 2002 
Wetlands 32:95-103. 
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Rice 
Agriculture

~5x ~24x ~80x

• All trees in treatment 4 died
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“… we were interested in determining whether there was a tipping 
point at which nutrient inputs would exceed the nutrient 
processing ability of the marsh ecosystem and degrade the system.  
By 1974, however, various measurements showed that we had not 
reached such a tipping point (Valiela and Teal 1974), so we added 
a third and higher dose of the mixed fertilizer, 90x the rates 
suggested for oats (XF).”  Valiela (2015) Estuaries and Coasts 
38:1099-1120.



T. distichum stoichiometry
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T. distichum stoichiometry
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Conclusions
• The response of plants to nutrients reflects principles of 

ecology and toxicology:
– Increasing availability of a limiting nutrient increases growth.
– Everything, including nutrients, is a toxin; the dose 

determines whether or not something is toxic.
• Our research shows that when plant growth is limited 

by stress, the likely responses to nutrients are no-
response or a toxic response.
– This can look like a ecosystem tipping point if you are 

seeking one.



Conclusions
• Sodium concentrations in leaf tissue were affected by 

stress, which complicates using leaf tissue Na to infer 
salinity exposure to plants.

• Nutrient concentrations and ratios in leaf tissue were 
affected by stress, which complicates using leaf tissue 
nutrient ratios to infer the nutrient availability to 
plants.

• Nutrient availability increased leaf tissue Hg in T.
distichum.



Drew et al. 1973.  Journal of Experimental Botany 1189-1201



Drew, M.C.  1975.  New Phytologist 75:479-490.



Nyman 2013 Estuaries and Coasts 37:1490-1505

1 g m-2 = 10 kg ha-1

(g m-2)
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