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Aerial photo

 Saltwater intrusion leads 
to peat collapse and 
made these ponds or 
potholes in the 
Everglades National 
Park.

Everglades Foundation/Stephen Davis









Increasing salinity (gradual vs. abrupt)
Salt used for increasing salinity level

Factors that impact 
plants ability to 
tolerate salt



Testing salt stress on 
aquatic plants: effect of 
salt source and substrate

 https://link.springer.com/article/
10.1007/s10452-019-09692-6

https://link.springer.com/article/10.1007/s10452-019-09692-6


Increasing salinity (gradual vs. abrupt)
Salt used for increasing salinity level

Variability among ecotypes

Factors that impact 
plants ability to 
tolerate salt



Variability among 
ecotypes

 Tapegrass ecotypes

 24 different ecotypes from FL



Ecotypes of aquatic plant
Vallisneria americana 
tolerate different salinity 
concentrations

 https://www.mdpi.com/1424-
2818/12/2/65

https://www.mdpi.com/1424-2818/12/2/65


Aquatic 
plants

Aquatic macrophytes (Adapted from the Minnesota Dept. of Natural Resources)

How may aquatic plants in Florida 
react to future salinity levels?



How does salt affect Florida’s prominent plants?
Submersed Southern naiad (Native)

Najas guadalupensis

Illinois pondweed (Native)

Potamogeton illinoensis

Hydrilla (Not Native)

Hydrilla verticillata
Amphibious Lemon bacopa (Native)

Bacopa caroliniana

Alligatorweed (Not Native)

Alternanthera philoxeroides

Hygrophila (Not Native)

Hygrophila polysperma
Floating-leaved Mexican waterlily (Native)

Nymphaea mexicana

Spatterdock (Native)

Nuphar lutea or N. advena

Crested floatingheart (Not Native)

Nymphoides cristata

Emergent Pickerelweed (Native)

Pontederia cordata

Broadleaf sagittaria (Native)

Sagittaria latifolia

Torpedograss (Not Native)

Panicum repens

Woody/trees Pond apple (Native)

Annona glabra

Brazilian pepper (Not Native)

Schinus terebinthifolius



Salinity experiment

Plants were grown in 68 oz pots

4 Replications

Plants were allowed to grow in freshwater for 4 weeks

Saline solutions were produced using Instant Ocean aquarium mix

Salinity levels: 0.2, 2, 4, 10, 15 and 20 ppt

Plants were exposed to 6 weeks of increased salinity (except trees, 9 weeks)



Plant evaluation

Visual rating: plant health was 
rated a number between 1 and 10

1= Dead
10= No damage

Shoot and Root growth: shoot and root 
biomass was destructively harvested and 

dried for two weeks (65 °C)

Growth rate = 
W2−W1

T2−T1



Hydrilla

Southern Naiad

Pondweed

Submersed



Alligatorweed

Hygrophila

Lemon bacopa

Amphibious



Crested floatingheart

Mexican waterlily

Spatterdock

Floating-leaved



Emergent



Brazilian pepper

Pond apple

Tree



LC calculation

𝑈𝑈 =
𝑑𝑑

]1 + exp[ 𝑏𝑏 log 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ) − log 𝐿𝐿𝐶𝐶50

Salinity

Bi
om

as
s

Exponential decay

U: plant response; d: upper limits of the plant response (commonly control treatment but here 2 ppt 
treatment); LC50: concentration required to reduce the biomass by half b: proportional to the slope of 
the curve around LC50
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Category Species Lower 
(ppt)

Upper
(ppt)

Visual 
LC50

Shoot 
LC50

Root
LC50

Submersed
Southern naiad 2 10 6.6 5.3 2.6

Pondweed 4 4 3.8 2.7 3.8
Hydrilla 2 10 5.3 1.6 2.7

Amphibious
Lemon bacopa 2 4 3.3 1.8 2.0
Alligatorweed 10 >20 7.6 15.9 >20

Hygrophila 2 10 4.5 2.8 4.3

Emergent
Pickerelweed 4 4 3.2 1.4 3.8

Broadleaf sagittaria 2 4 3.2 1.8 4.0
Torpedograss 10 >20 16.1 12.7 11.3

Floating-leaved
Crested floatingheart 2 4 3.9 2.8 4.5

Mexican waterlily 2 10 6.8 5.0 7.2
Spatterdock 2 4 4.3 2.3 2.0

Tree Brazilian pepper 4 >20 14.7 11.2 11.5
Pond apple 2 15 7.7 12.6 14.5

Average 2-4 ppt 4-10 ppt 5.0 5.7 4.7



Summary

 The response of aquatic plants to increased salinity varies greatly depending on their mechanism 
for dealing with harmful ions. 

 Increased salinity affects photosynthetic ability (leaf loss and chlorophyll content). 
 Factors such as flooding and micronutrient deficiency synergistically influence plants with salinity. 
 Lower limit for most tested species is 2 to 4 ppt and at 5 to 6 ppt most species may lose half their 

biomass and visual quality. 
 Several invasive species such as alligatorweed, torpedograss and Brazilian peppertree were able 

to tolerate hypersalinity, while native species died or had significant declines in their growth and 
visual quality.

 Invasive species may pose a bigger threat to the ecosystem if salinity levels increase.



Thank you



Seems like a useless slide!
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Let's ask questions?

How can we test saltwater intrusion in the lab?

Can we find the salt-tolerance threshold for a species?

Does salt stress impact competition between species?

How may aquatic plants in Florida react to future 
salinity levels?



Scale Old Tissue New/Young Tissue Growth
10 Green Green High
9 Green Green High to moderate
8 Green Green Moderate
7 Green to yellow Green Moderate to low

6 Green to yellow Green Low
5 Yellow Green to yellow Low
4 Yellow Yellow Very low to none
3 Yellow Yellow None
2 Necrotic old tissue Yellow None

1 Necrotic old tissue Necrotic new tissue None

0 Necrotic, lost integrity



Elemental composition of 5.0 ppt saline 
solutions

 Seawater and Instant Ocean have:
 Less Na (16%)
 More Ca, Mg and S

 Cl was highest in Seawater and 
lowest in NaCl



Tapegrass, Eelgrass, or Wild Celery 
(Vallisneria americana Michaux): A 
Native Aquatic and Wetland Plant

 https://edis.ifas.ufl.edu/ag437

https://edis.ifas.ufl.edu/ag437


 Example: Tapegrass can tolerate:

 5.0 ppt or less
 6.6 ppt
 8.0 ppt
 12.0 ppt

Reports are not consistent!

Can we find the salt-tolerance threshold for a 
species?



Competition between Hydrilla 
verticillata and Vallisneria 
americana ecotypes under 
increased salinity condition

Special Issue


	Assessment of salt tolerance threshold for wetland plants���Mohsen Tootoonchi, Lyn Gettys, Kyle Thayer, Ian Markovich and Joseph Sigmon��Water Institute 2020�February 2020�
	Sea level rise�and saltwater intrusion
	Aerial photo
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Testing salt stress on aquatic plants: effect of salt source and substrate
	Slide Number 9
	Variability among ecotypes
	Ecotypes of aquatic plant�Vallisneria americana tolerate different salinity concentrations
	Aquatic plants
	How does salt affect Florida’s prominent plants?
	Salinity experiment
	Plant evaluation
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Emergent
	Slide Number 20
	LC calculation
	LC calculation
	Slide Number 23
	Summary
	Slide Number 25
	Seems like a useless slide!
	Slide Number 27
	Slide Number 28
	Let's ask questions?
	Slide Number 30
	Elemental composition of 5.0 ppt saline solutions
	Tapegrass, Eelgrass, or Wild Celery (Vallisneria americana Michaux): A Native Aquatic and Wetland Plant
	Reports are not consistent!
	Competition between Hydrilla verticillata and Vallisneria americana ecotypes under increased salinity condition

