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Overview

• What is Trapa natans?

• Research on Control Methods

• Results

• Other Methods

• Latest Research



Rutgers Cooperative Extension (RCE) helps the

diverse population of New Jersey adapt to a

rapidly changing society and improves their lives

through an educational process that uses science-

based knowledge.

What is a Rutgers Cooperative Extension?



Trapa natans natans

Photo courtesy Peter Nitzsche, 2011

Identifying 

Attributes:

• Forms a 

rosette

• Toothed 

leaves

• Four –

pronged 

“nut” or fruit



Air bladder of water chestnut, 2009.  

Photo courtesy of Lauren Theis, Senior Scientist Upper Raritan Watershed Association.



Seed pods of water chestnut.  

Photo courtesy of Lauren Theis, Senior Scientist Upper Raritan Watershed Association.



Water Chestnut Seed or Fruit

Photos courtesy Pat Rector



Why Focus on Water Chestnut?

• Recent invasive to NJ, not yet fully 
established (“horse not all the way out of the 
barn”). 

• Spreads aggressively.

• Highly disruptive.

• Easy to find and identify.

• With early detection can be successfully 
managed.

Kitchell Pond Morris County Parks.  2011.  Photo 

courtesy Peter Nitzsche RCE Morris County 

Agricultural Agent 



Dense stand of water chestnut 2011

Photo courtesy Peter Nitzsche, 2011



Great partners



Great, hi-tech start



Water chestnut freezing trials



Freezing trials

• 203 Trapa natans fruit collected bottom sediment of Lake 

Musconetcong 28 Oct 2010.  

• 1 Nov 2010 fruit were rinsed, placed in plastic containers, immersed 

in tap water and stratified in dark at 4C.  After 107 d the fruit were 

washed in tap water.

• 100 Trapa natans fruit were submerged, loosely packed in two 

sealed plastic containers, filled with 700 ml of tap water and 0.5 ml 

NaClO and placed in freezer for 35 d. 

• The other 103 fruit were divided into two sealed plastic containers, 

filled with 700 ml of tap water and 0.5 ml NaClO and placed in a 

refrigerator at 4C.

• 23 Mar 2011 all fruit were washed, placed in four separate growing 

containers with tap water as growing medium in greenhouse at 18 –

29C under photosynthetically active radiation (PAR) approximately 

25-35 mol m-2 d-1.  Germination rate was measured on 28 Apr 

2011.



To germinate or not to germinate?



Results freezing trials

Treatment Number 

germinated

Number 

did not 

germinate

Total Percent 

germinated

(%)

Frozen 0 100 100 0

Refrigerated 54 40 103 52.4

Total 54 140 203

Within range for cold storage germination from 

literature: Cozza et al. (1994) 68% and Menegus 

et al. (1992) 50%.



Collection devices



Final design



More high tech equipment

• December 19, 2011 

water chestnut fruit 

placed in mesh 

stockings, buried 6” 

deep in kitty litter in 

300 gallon stock tank. 



Mesocosm trial 2011

• 5 Dec 2011 fruit collected from bottom sediment using 

modified clam rake from 1) areas mechanically harvested but 

not reated with herbicide or 2) areas of lake that had been 

treated in June and July 2011.

• In treated areas first 13 pulls generated 0 fruit, collection 

continued until sufficient fruit harvested to conduct 

experiment.

• Untreated areas each pull generated 8-10 fruit/pull.

• 19 Dec 2011 fruit divided into 18 subsamples.  

• All subsamples weighed.



Treatments 2011 trial

Treatment Drawdown Replicates No. fruit/bag

Untreated Refrigerator 4 11

Untreated Mesocosm 4 11

Treated Refrigerator 4 11

Treated Mesocosm 4 11

Untreated 24-hr. freeze 2 11



New meaning to field study

300 gallon Rubbermaid structural stock tank



ibuttons for temperature readings

• One-wire viewer and 
ibuttons

• Can be used with a 
personal computer with a 
USB port

• Computer chip in a 16mm 
stainless steel “can” 
which can carry up-to-
date information and 
function as an electronic 
communications 
interface.Temperature sensors 

recorded temperature every 2 

hours for the duration of the 

experiments.



2011 trials

• 8 subsamples were placed in nylon stockings and buried in 

the substrate at depth of 15 cm.

• Tank was filled with water and then allowed to drain.

• 14 Mar 2012 all samples were submerged in tap water in 

individual 3-gal buckets in greenhouse.

• Germination rate measured 19 Apr 2012.

• Non-germinating were placed in refrigeration for second 

stratification and 5 Jul 2012 were placed in greenhouse.  

Germination rate measured 7 Aug 2012.



2012 trial

• Fruit were collected from areas of the lake that had been 

treated 1x or multiple times

• Fruit were collected from live plants on the front of a 

harvester.



2012 trials

Treatment Drawdown Replicates No. fruit/bag

1X Refrigerator 3 22

1X Surface 3 22

1X 7-cm 3 22

1X 15-cm 3 23

MX Refrigerator 3 26

MX Surface 3 26

MX 7-cm 3 26

MX 15-cm 3 26

• 89 collected areas treated 1x; 104 from areas treated multiple 

times (MX)  

• Control fruit (refrigerated), surface (S), 7-cm and 15-cm 

depths in the mesocosm for both 1X and MX.

• Temperature sensors at each depth.



Statistical analyses
• 2010 Fisher’s exact test

• 2011 logistic regression 

– dependent variable was proportion of seeds germinated,

– independent variables were

• the source of seeds, 

• drawdown treatment and 

• the interaction of these factors

• 2012 tried similar to 2011 but b/c zero counts of germinated seeds 

for most treatments wouldn’t work so a contingency table with 

Fisher’s exact text was then used to determine if there was an 

association between germination counts and combinations of seed 

source (1X or MX) and drawdown treatment (control or mesocosm).

• Fruit mass data were pooled cross 2011 and 2012 and an analysis 

of variance was conducted to determine differences in fruit mass for 

herbicide treatments.





2011

• For the logistic model the proportion of seeds germinating, 

seed source was significant (treated or untreated areas of the 

lake) (p<0.0001).

• Drawdown treatment (refrigerated control or drawdown 

mesocosm) and the interaction factor were not significant.

• Mean values for the proportion of seed germinating were 

significantly greater for untreated areas of lake (77% and 

75%) than for herbicide-treated areas of the lake 7% and 5%).



2012

• Of 89 seeds from 1X only 3 germinated (3.4%) these were 

from the mesocosm.

• Of the 104 collected from the MX area 0 seeds germinated.

• Fisher’s exact test showed no significant association between 

germination and the combination of seed source and 

drawdown treatment (p=0.19).

• Herbicide treatments applied to the areas in the lake impacted 

seed viability.  Difficult to measure magnitude due to lack of 

seeds from plants in an untreated area.



MX seeds



Temperature



Fruit mass



Fruit mass

• Mean mass varied significantly by seed source (p<0.0001)

• 2011 3.16 g for treated areas and 3.88 g for untreated 

(p<0.0001)

• 2012 mean fruit mass 5.69 for 1X and 3.62 for MX 

(p=<0.0047)

• Not possible to compare across years statistically because 

treatments varied across years.

• Mass of fruit related to fitness



Other efforts

• Mechanical harvesting

• Hand pull events



Hand Pulling

Year # volunteers Water Chestnut 

Removed (tons)

2009 31 2

2009 (2nd event) 25 7

2010 10 1.5

2011 60 16

2012 65 20

2013 54 30

2014 15 15



Water chestnut task force

• https://docs.google.com/forms/d/e/1FAIpQLSe8vH8Xx7qc0yc

NXcbjXJQ9nO6mf3ZY4Icu7X3xnOmMTi3xUQ/viewform?usp

=send_form

https://docs.google.com/forms/d/e/1FAIpQLSe8vH8Xx7qc0ycNXcbjXJQ9nO6mf3ZY4Icu7X3xnOmMTi3xUQ/viewform?usp=send_form


What else am I up to?



AIS and Mosquitoes



Results



Results



Questions

• Rector

• rector@njaes.rutgers.edu


