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Illinois pondweed (Potamogeton illinoensis Morong) is a North American native 

submersed macrophyte that has recently produced dense growth and the need for 

control programs in 3 lakes in central Florida. The effects of various environmental 

factors were evaluated on growth of Illinois pondweed. Growth increased 3x with the 

addition of substrate OM ≥ 2.7% and it survived in water salinities up to 3.50‰. Growth 

increased with increasing water flow and both below ground and above ground biomass 

were highest at water flow rates from 9.1 to 21.3 L/min.Growth of Illinois pondweed was 

greatest under 50% shade and maximum growth occurred from July to September 

when both shoot and root biomass production was highest.  

Release of highly soluble KCl into aerated water was increased from 1 day to 

145 days (90% release) when incorporated in sand. Micronutrient and potassium 

concentrations in sediment did not affect growth of Illinois pondweed. Concentrations of 

25-150 mg N and 90-800 mg P/ kg dry sand were optimum for I. pondweed growth and 

were similar to optimum sediment concentrations for hydrilla and Southern naiad 

growth. Sediment sampling from dense Illinois pondweed and hydrilla sites in 4 Florida 

lakes showed no differences in sediment OM, particle size or P content. 
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CHAPTER 1 
INTRODUCTION 

Illinois pondweed (Potamogeton illinoensis Morong) is a North American native 

submersed macrophyte that occurs from South America to Canada, but is capable of 

causing problems in some aquatic systems (USDA and NRCS 2016). Illinois pondweed 

(hereafter called I. pondweed) growth in irrigation and drainage canals in South America 

increases the risk of crop production loss, salinization of soils, and flooding because of 

the reduced efficacy of water movement through canals and irrigated soils (Armellina et 

al. 1996). Commonly it occurs in its native range in moderate and often “patchy” 

populations where it is a desirable plant in the aquatic community and provides habitat 

diversity and a food source for wildlife (Muenscher 1936). However, there are other 

species within the Potamogeton genus that are invasive and undesirable in North 

America such as curly-leaf pondweed (Potamogeton crispus L.) which was introduced 

to the US in the mid 1800’s and is known to form dense mats that inhibit growth of 

native species and impede recreational activities (Catling and Dobson 1985). I. 

pondweed has been identified in 47 of 322 Florida lakes surveyed in the Florida Lake 

Watch Program (Hoyer et al. 1996) and has never historically been reported as a 

problem in the southeastern United States. However extensive populations on East 

Lake Tohopekaliga, a 4,850 ha lake popular for bass fishing and recreation, and other 

central Florida lakes were treated in the past 3-4 years due to excessive growth 

(Agarwal 2014; Osceola County Lakes Management Plan 2015).   

I. pondweed is native to North America and is found in Nova Scotia, Ontario, 

Minnesota and Wisconsin (Nichols et al. 1997). It also grows in Florida and Mexico, and 

west to California (Gleason et al. 1991).  It grows in the San Marcos River, Texas 
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(Owen et al. 2001) and in Douglas Lake and the Huron River in Michigan (Berg 1949). 

In South America it is an introduced noxious weed and is found in the Lower Valley of 

the Rio Negro in Argentina (Armellina et al. 1996) as well as Brazil, Guatemala, 

Ecuador, Columbia, Belize, Bolivia, Peru, El Salvador and Chile. I. pondweed has also 

been reported in the Bahamas, Jamaica, Cuba, Spain and Germany (GBIF Secretariat 

2016). 

I pondweed has both submersed and floating leaves. Rooted to the bottom, it 

apparently grows well in both rivers and lakes. In the field, I. pondweed may be noticed 

first by its floating leaves, and erect, green spikes of flowers or seeds. I. pondweed has 

two primary leaf shapes. The floating leaves are elliptic in shape, and are longer than 

they are wide. They are on long leaf stems, are lighter in color and have a much thicker 

cuticle than the submersed leaves. The submersed leaves are about the same size, but 

are more lance-shaped. Submersed leaves have pointed tips and pointed bases. I. 

pondweed flowers occur on spikes that are 2 to 8 cm long that are usually above the 

water surface. This common native species in North America grows in fresh water and 

blooms from spring to fall throughout Florida (Hopson et al. 1993). The floral spikes are 

held above the water on thick, fleshy stalks and the flowers are small and green, and 

arranged in whorls along the length of the spike (UF/IFAS 2016).  

Perennial macrophytes including Potamogeton spp. tend to reproduce clonally 

through vegetative reproduction and rarely as seeds and seedlings; however I. 

pondweed does produce viable seeds (Westcott et al. 1997). The seeds are recalcitrant, 

meaning they have 100 percent moisture content upon dispersal and dropping below 

30-65 percent moisture causes loss of viability (Baskin et al. 1998). The seed is 
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classified as a “nutlet” with indehiscent fruit, or one seeded with mature seed 

surrounded by pericarp (Muenscher 1936). I. pondweed begins its development very 

early in the spring with overwintering structures represented by a rhizome with a short 

below ground sprout. Long rhizomes formed during the growing season produce new 

shoots. Rhizomes show varying growth rates, with the main growth period being 

between late spring and early fall. Growth of the overwintering rhizomes with the short 

below ground sprout is slow, but appears to play a key role in I. pondweed’s 

regenerative strategy and allows survival of periods of drought (Kautsky 1988; Yeo 

1965). Dependence on production of vegetative propagules is a common regenerative 

strategy in the Potamogeton genus as well as by many other submersed macrophytes, 

but in I. pondweed it seems to be of specific importance (Kautsky 1988; Yeo 1965). 

Growth and root to shoot biomass appear to be negatively related to one another (Barko 

and Smart 1981). As the overall biomass of the plant increases, the root to shoot ratio 

decreases; therefore, shoot growth increases more rapidly than root growth.  

Submersed aquatic plant populations often increase or decrease due to varying 

environmental conditions such as substrate composition, salinity, water flow, light 

availability, photoperiod and temperature (Hutchinson 1975; Sculthorpe 1967; Wetzel 

1975). Nutrient availability is another major factor that influences aquatic plant 

distribution (Chambers and Kalff 1987). Many  of these factors and their effects on 

growth of several aquatic plants have been studied and reported in the literature. 

However, very little research has been conducted for I. pondweed specifically. Growth 

of aquatic plants on control sediment and on the same sediment with OM additions was 

examined by Barko and Smart (1983) and results indicated that growth on sediment 
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with OM additions decreased relative to the control treatments in most cases. These 

results contradicted Wetzel (1976) who stated that growth of aquatic plants is typically 

greater on organic-rich sediments than it is on sandy sediments. Growth rates of aquatic 

macrophytes in various salinities, under greenhouse conditions, were studied by Haller 

et al. (1974) and were reported to steadily decline in growth as salinity increased. Van 

Dijk et al. (1986) reported that growth of hydrilla (Hydrilla verticillata (L. f.) Royle) and 

hygrophila (Hygrophila polysperma (Nees) T. Anderson) increased when grown in 

mesocosms with flowing water relative to static water. Most submersed aquatic plants 

are distinctly shade adapted (Wetzel 1975), although some have been reported to 

perform better in high light. Results reported by Barko et al. (1991) indicated that 

hydrilla and eelgrass (Vallisneria americana Michx.) achieved maximum biomass when 

grown under high light (ca. 550 uE/m2/s at midday) compared to low light conditions (ca. 

125 uE/m2/s at midday). Most submersed rooted macrophytes obtain their nutrients 

from the sediment where nutrient concentrations are much greater than in the overlying 

water. However, when nutrient concentrations in the water are high these plants can 

also assimilate them from the water (Wetzel 1975). There is some controversy in the 

literature about which specific nutrients are taken up from either sediment, water, or 

both, and apparently the mechanisms of nutrient uptake can vary between species. In a 

survey of 10 temperate lakes, submersed aquatic plant biomass was positively 

correlated with the potassium (K) content in the sediment (Anderson 1988). In contrast, 

Barko (1982) concluded that water rather than sediment was the primary source of K for 

hydrilla growth, which agrees with the results reported by Sutton (1986). Similar 

contradictions exist in the literature for nitrogen and phosphorus uptake among various 
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species. Nutrient requirements of submersed aquatic plants have only been studied on 

a few species and there is very little if any information available on the nutrient 

requirements of I. pondweed. 

Mechanical control of I. pondweed in canals can be attained by chain cutting, but 

timing is important. Armellina (1996) reported that spring chain cutting produces no 

effect on subsequent growth while mid and late summer chain cutting is more effective. 

Chain cutting does not destroy submersed foliage for long enough to decrease rhizome 

formation and also increases the risk of spreading the species by breaking up and 

allowing movement of viable stem and rhizome fragments downstream (Armellina et al. 

1996). 

A two month long biocontrol study suggests that a grass carp stocking rate of 

100 kg/ha is sufficient to achieve I. pondweed control in semiarid Argentina (Armellina 

1999). Invertebrates are a natural control for pondweed in its native range. In a pond 

study performed in Lewisville, Texas, biomass of I. pondweed was reduced 63% in an 

untreated control compared to a treatment where herbivorous invertebrates were 

removed by insecticide (Nachtrieb et al. 2011). The primary herbivorous insects were 

Synclita, Paraponyx and Hydrellia species.  

Chemical control of I. pondweed can be attained with many aquatic herbicides. 

Two commonly used active ingredients are the contact herbicides diquat and endothall, 

both are very effective on I. pondweed (Texas A&M AgriLife Extension 2016). 

Additionally, I. pondweed is susceptible to the ALS herbicides penoxsulam and 

bispyribac, as well as the HPPD inhibitor topramezone. It is also very susceptible to and 
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commonly controlled in Florida as a non-target species when fluridone is applied for 

hydrilla control (Netherland Pers. Comm.). 

Due to the lack of literature on biology and management of I. pondweed, 

research was planned to learn more about this North American native plant. Studies 

were conducted to evaluate the effects of environmental factors as well as substrate 

nutrients on growth of I. pondweed. Also, comparison studies between a non-

problematic I. pondweed population and problematic populations were conducted to 

determine if differences in growth or herbicide susceptibility exist. Lastly, soil sampling 

was done to compare soil characteristics in areas dominated by I. pondweed to soil 

characteristics in areas dominated by hydrilla, an invasive aquatic plant in Florida. 
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CHAPTER 2 
EFFECTS OF ENVIRONMENTAL FACTORS ON GROWTH OF ILLINOIS 

PONDWEED 

Submersed plant populations often fluctuate with changing environmental 

conditions such as substrate composition, salinity, water flow, light availability, 

photoperiod and temperature (Hutchinson 1975; Sculthorpe 1967; Wetzel 1975).  

Different types of substrate could potentially have a very significant influence on 

the establishment and occurrence of I. pondweed since it seems to occur most 

commonly in sandy substrates in Florida (Pers. Comm. M. Netherland). There are very 

few studies that address whether or not substrate organic matter (OM) content affects 

growth of aquatic plants. Growth of 3 submersed aquatic plant species and 3 emergent 

aquatic plants on control sediment and on the same sediment with OM additions was 

examined by Barko and Smart (1983). Results indicated that submersed plant growth 

on sediment with OM additions decreased relative to the control treatments in most 

cases, but growth of emergent species was less inhibited than that of the submersed 

species. These results contradicted Wetzel (1976) who stated that growth of aquatic 

macrophytes is generally higher on organic-rich sediments than on sandy sediments 

and Spencer (1993) who concluded that plant weight and the number and weight of 

tubers produced per plant by Potamogeton pectinatus L.  increased significantly when 

plants were grown in sediment amended with peat.  

Salinity is another factor affecting growth and distribution of aquatic plants, and a 

major factor in aquatic plant survival in Florida due to increased risk of salt water 

intrusion resulting from its flat topography and an extensive system of irrigation and 

drainage canals (Haller et al. 1974). Growth rates of aquatic macrophytes grown in 

various salinities, under greenhouse conditions, were studied by Haller et al. (1974) and 
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hydrilla, Eurasion watermiloil (Myriophyllum spicatum L.), Southern naiad (Najas 

quadalupensis (Spreng.) Magnus), eelgrass, azolla (Azolla coroliniana Willd.), and 

salvinia (Salvinia rotundifolia Willd.) were reported to steadily decline in growth as 

salinity increased. Growth of lemna (Lemna minor L.) however, was reported to 

increase with salt concentration up to 3.33‰, after which growth was depressed. 

Water flow is an additional environmental factor that can affect growth of aquatic 

plants. Van Dijk et al. (1986) conducted a mesocosm study in which they reported that 

growth of hydrilla and hygrophila (Hygrophila polysperma) increased when grown in 

flowing water compared to growth in static water conditions. Excessive growth of I. 

pondweed in irrigation and drainage canals in South America (Armellina et al. 1996) 

may be due in part to water flow, however after an extensive literature search no 

information was found on the effect of flow on growth of I. pondweed. 

Photoperiod, temperature and light availability also likely affect growth of I. 

pondweed. Light availability is a major factor in regulating growth and distribution of 

aquatic plants. This is evident in submersed aquatic plants which are distinctly shade 

adapted with high concentrations of photosynthetic pigments and low-light 

compensation points for photosynthesis (Wetzel 1976). Seasonal variations in aquatic 

plant productivity are great in the temperate zone, but growth can be nearly continuous 

in the tropics (Wetzel 1976). There is little, if any, research on the seasonal effects of 

north Florida’s sub-tropical climate on growth on I. pondweed. 

There is very little if any information provided in the literature on the effect of 

many of the aforementioned environmental factors on growth of I. pondweed 

specifically. Therefore, research was planned to evaluate I. pondweed.  
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The objectives of this research were: 
 
1. To determine the influence of soil substrate OM content on growth of I. 

pondweed 

2. To assess the growth response of I. pondweed to water salinity, water flow and   
shade 

3. To evaluate seasonal growth and seed production of I. pondweed in north 
Florida.  

Materials and Methods 

The following studies were conducted at University of the Florida Institute of 

Food and Agricultural Sciences (IFAS) Center for Aquatic and Invasive Plants (CAIP) in 

Gainesville, Florida from 2014 to 2016. The I. pondweed and hydrilla used in these 

studies was collected from populations in Rodman Reservoir (Putnam County, FL) and 

kept in culture at CAIP. The well water used in these studies contained 20-50 ppb total 

phosphorus (P), 2500-3500 ppb total nitrogen (N) and ranged in pH from 7.4-7.8 with 

conductivities between 200 and 400 µS/cm (Mark Hoyer, Aquifer-Watch, Pers. Comm). 

Unless otherwise noted, the CAIP sand used in these studies was washed masonry 

sand with the following particle size distribution (USDA and Soil Conservation Service 

1987): 6.8% very coarse, 30.8% coarse, 44.8% medium, 17.4% fine, and 0.2% very fine 

sand. The sand contained no organic matter (OM) and 3.9 mg/kg total P. Sand (4.6 kg 

dry weight) was placed in 3.5 L plastic pots without holes to a depth of 10 cm amended 

with 18-6-12 Osmocote®1,2   1Classic  slow release fertilizer (150 mg N and 25 mg P / kg 

of dry sand) and capped with 3 cm of unfertilized sand. Osmocote® Classic does not 

                                            
1 Registered trademark of The Scotts Company. Marysville, OH. 43041 
2 Mention of a trademark or a proprietary product throughout this document does not constitute a 
guarantee, warranty, or endorsement of the product by the author or the University of Florida, and does 
not imply its approval to the exclusion of other products that may also be suitable. 
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contain any micronutrients and is formulated to release nutrients in terrestrial use over 

an 8-9 month period. 

Influence of Soil Organic Matter Content on Growth of I. Pondweed  

Six substrate mixtures with varying OM content were prepared by mixing CAIP 

sand and a histosol (organic) soil from the University of Florida Agricultural Research 

and Education Center, Belle Glade, Palm Beach County, Florida. Samples of the 

prepared sand/histosol mixtures were dried to a constant weight in a drying oven. 

Samples were then screened with a 1.7 mm soil sieve and approximately 4 g of each 

sample was placed into a clean 50 ml beaker. Beakers (9 replicates per sand/histosol 

mixture) were placed in a Thermolyne®3 Type 1400 Furnace and ashed at 600 C to a 

constant weight (approximately 5 hours). The weight of the soil in each beaker was 

determined before and after ignition and the weight loss was reported as percent OM. 

Plastics pots, described above, were filled with 1 of 6 prepared sand/histosol 

mixtures (0, 2.3, 5.6, 16.1, 27.9 and 73.8% OM) to a depth of 10 cm and capped with 3 

cm of CAIP sand. Three 15 cm I. pondweed sprigs were planted 7 cm deep in each pot. 

All pots were then placed in a circular 3 m diameter pool filled with well water and 

maintained at a depth of 1 m. Experimental units (1 pot) were arranged in a completely 

randomized design with 6 replicates of each mixture. Plants were grown for 10 weeks. 

At that time all above ground and below ground plant material was harvested, 

separated, washed of any sand or debris and dried in a Power O Matic 60®4 oven at 80 

C to constant dry weight. A single factor ANOVA was performed for each experiment 

                                            
3 Barnstead / Thermolyne. Dubuque, IA. 52001                                                                           
4 Blue M Electric Company. Blue Island, IL. 60406                                                       
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and data were analyzed using Tukey’s HSD test. The aforementioned experimental 

design, harvest method, and data analysis was used in all the following environmental 

factor studies unless otherwise noted. 

Effects of Salinity, Water Flow and Shade on Growth of I. Pondweed 

Tolerance of I. pondweed to 8 levels of salinity was evaluated in summer 2016 in 

95 L mesocosms filled with well water to 0.5 m depth in a shade-house. Each 

mesocosm (replication) contained 2 pots filled with washed masonry sand amended 

with fertilizer, and each planted with 3 apical shoots of I. pondweed approximately 15 

cm in length. Plants were allowed to establish for 4 weeks before treatment in July 

2016. Salt (Instant Ocean®5 Aquarium Sea Salt Mixture) was added to the mesocosms 

at 0, 1, 2.5, 5, 7.5, 10, 12.5, and 15 g/L water and there were 6 replications per 

treatment. Salinity (‰) was measured biweekly with a Mettler Toledo®6 conductivity 

meter throughout 8 weeks of growth, at which point all above ground plant material was 

harvested and weighed.  

The effect of 4 levels of water flow on growth of I. pondweed and hydrilla was 

determined in July-September 2016. Plastic pots filled with washed masonry sand and 

amended with fertilizer were planted with 3 apical shoots (15 cm each) of either I. 

pondweed or hydrilla. Pots (3 per species) were then placed in 1.75 x 0.75 m fiberglass 

mesocosms filled with well water to a depth of 0.5 m and separated by species within 

the mesocosms to reduce competition. Water flow was provided by SunSun®7 

submersible powerhead pumps directed down the middle of the mesocosms at low (1.9 
                                            
5 Spectrum Brans Inc. Blacksburg, VA. 24060 
6 Mettler-Toledo Group. Schwerzenback, Switzerland. 8603                
7 Sensen Group Co., LTD. Ao, Dinghai, Zhoushan, Zhejiang, China 
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L/min), medium (9.1 L/min), and high (21.3 L/min) flow rates and were compared to 

growth in a static control. There were 3 replications (mesocosms containing 3 pots of 

each species) per flow rate.  Powerhead pump intakes were cleaned of debris 2-3 times 

per week to ensure consistent flow throughout the 8 week treatment period.  

The effect of 5 levels of shade on growth of I. pondweed was assessed in June-

September 2016. Plastic pots filled with washed masonry sand and amended with 

fertilizer were planted with 3 apical shoots of I. pondweed. Pots (6) were placed in 600 L 

fiberglass mesocosms filled with well water, similar to those used in the flow study. 

SunBlocker®8 shade curtains were placed over the top of the mesocosms and tightly 

secured in order to prevent the shade curtain from making contact with the water below. 

Levels of shade provided were 30, 50, 70, and 90% and were compared to a control 

mesocosm without shade. Plants were grown for 10 weeks when all above ground plant 

material was harvested, dried and data was analyzed as described in the OM study. 

Effect of Season on Growth and Seed Spike Production of I. Pondweed 

Growth of I. pondweed was determined over a one-year period from July 2015 to 

August 2016. Pondweed was planted on the first of every month and harvested 

following a growth period of two months. The study was conducted in an outdoor 3 m 

diameter, circular, plastic tank without shade, recessed into the ground 0.3 m to reduce 

temperature fluctuation and filled with well water to 0.6 m. Plastic pots similar to those 

described above, were filled with CAIP sand and amended with fertilizer as previously 

described. Fifteen cm long apical shoots of I. pondweed were planted 3 per pot with 10 

replicates. Plants were harvested and below and above ground plant biomass was 
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separated after each 8-week growth period. The number of fruiting spikes produced per 

pot was recorded at harvest to determine the effects of season on seed spike 

production. Plants were then placed in a drying oven to constant dry weight. Water 

temperature was monitored with a Hobo®9 Pro V2 Temperature Data Logger so a 

growing degree day “model”  could be developed. Growing degree day (GDD) values 

for each day were calculated with the following formula: GDD = (Tmax +Tmin) / 2  - Tbase.  

“Tmax” was the maximum daily temperature and “Tmin” was the minimum daily 

temperature and was set equal to 17 C when temperatures fell below 17 C. A 

temperature of 17 C was assigned as “Tbase” since very little growth of I. pondweed 

occurs at temperatures below this. The accumulated GDD value for an 8 week growth 

period was the sum of the daily GDD values for that period. Accumulated GDDs are 

useful for tracking plant development as a function of temperature (Gibson 2003). 

Results and Discussion 

Influence of Soil Organic Matter Content on Growth of I. Pondweed 

The percent OM of the prepared sand/histosol mixtures ranged from 0 to 73.8% 

on a dry weight basis. This soil OM range was similar to the 0.8 to 84.2% OM range 

reported for 97 Florida lake sediments by Brenner and Binford (1988).  Growth of I. 

pondweed increased with the addition of substrate OM from 0 to 2.7% (Figure 2-1). 

Above ground growth increased from 4.6 to 11.3 g / pot and below ground growth 

increased from 1.7 to 3.7 g. After the initial growth increase of almost 3x compared to 

the control, growth remained constant with OM additions from 2.7 to 73.8% OM. Also, 

root to shoot ratio was consistently 1:3 across all treatments. The results of this study 
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were contradictory to results reported by Barko and Smart (1983) who reported that 

growth of submersed aquatic plants on sediment with OM additions was decreased 

relative to the control treatments in most cases, but were aligned with Wetzel (1976) 

who noted that growth of aquatic macrophytes is generally higher on organic-rich 

sediments than on sandy sediments. The results of this study suggest that I. pondweed 

should be able to grow in most Florida lakes if soil substrate OM content is the sole 

factor affecting growth. 

Effects of Salinity, Water Flow and Shade on Growth of I. Pondweed 

The tolerance of I. pondweed to water salinities ranging from 0.03 to 9.92‰ was 

evaluated in 95L mesocosms during the summer 2016. Salinity in each mesocosm was 

measured 5 times over the 8 week growth period and remained similar for each of the 8 

distinct treatments (Table 2-1). Growth of I. pondweed was not decreased by water 

salinities from 0.10 to 3.50‰; however growth was decreased as salinity increased to 

5.02, 6.79 and 8.57‰. The dry weight of I. pondweed was decreased 3x in water with a 

salinity of 6.79‰ compared to the control.  Increasing salinity to 9.92‰ did not further 

decrease growth because there was very little live plant tissue left after the increase to 

8.57‰. I. pondweed leaves exposed to salinities ≥ 5.02‰ darkened in color and lost 

buoyancy. After 3-4 weeks leaves exposed to salinity levels ≥ 6.79‰ turned brown and 

sank to the bottom of the mesocosms. I. pondweed exhibited similar salinity tolerance to 

hydrilla and eelgrass and was more sensitive to salinity than Southern naiad and 

Eurasian watermilfoil which were reported by Haller et al. (1974) to reach toxicity in 

salinities of 6.66, 6.66, 10.00 and 13.32‰ respectively. 

The effect of water flow on growth of I. pondweed and hydrilla was evaluated 

after an 8 week growth period from July to September 2016 (Figure 2-2). Growth of I. 
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pondweed was the same for the static control and the 1.9 L/min treatments for both 

below ground and above ground biomass production. Growth was increased with 

increased flow and both below ground and above ground biomass were highest at 9.1 

and 21.3 L/min of water flow. Above ground biomass was doubled from an average of 

approximately 4 g dry weight in the static and 1.9 L/min treatments to an average of 

approximately 8 g dry weight in the 9.1 and 21.3 L/min treatments. Below ground 

biomass was tripled from approximately 0.5 g dry weight in the static and 1.9 L/min 

treatments to an average of approximately 1.5 g dry weight in the 9.1 and 21.3 L/min 

treatments. Growth of hydrilla was the same for both below ground and above ground 

biomass at all 4 water flow rates. This was contradictory to results reported by Van Dijk 

et al. (1986) which indicated that hydrilla growth is increased by water flow of 5.3 L/min 

compared to a static control. However, the data may have been affected in this hydrilla 

growth study by a 1.9 L/min treatment replication that had depressed growth compared 

to the other 2 replications at that water flow rate, which increased the s2 value and 

therefore increased the minimum significant difference value in the Tukey’s HSD 

analysis and in turn increased the level of between treatment variation necessary for 

significance at α = 0.05. I. pondweed growth response to water flow was similar in this 

study to hydrilla and hygrophila, both of which increased growth with increasing water 

flow (Van Dijk et al. 1986). This was likely due to increased flow creating a reduction in 

thickness of the boundary layer which leads to enhanced nutrient and gas fluxes, and 

hence increases photosynthesis and plant growth (Smith and Walker 1980; Crossley et 

al. 2002). 
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Growth of I. pondweed was also studied under 5 levels of shade ranging from 0 

to 90% shade in summer 2016 when grown in 600 L mesocosms for 10 weeks. Average 

dry weight per pot was 2.8 ± 1.5 and 3.2 ± 1.2 g for I. pondweed grown under 0 and 

30% shade, respectively. Dry weight per pot was 6.8 ± 2.5 g under 50% shade which 

was more than double the growth under 0 and 30% shade. However, increasing shade 

to 70% again decreased growth and average dry weight at 90% shade was 2.0 ± 0.8 g 

per pot (Figure 2-3). These results are similar to results reported by Barko and Smart 

(1981) in which shoot biomass of egeria (Egeria densa Planch) and hydrilla was highest 

from 33 to 57% shade. Optimum growth was likely produced at shade levels greater 

than 0% because submersed aquatic plants are distinctly shade adapted with high 

concentrations of photosynthetic pigments and low-light compensation points for 

photosynthesis (Wetzel 1976). 

Effect of Season on Growth and Seed Spike Production of I. Pondweed 

Growth of I. pondweed and the number of seed spikes produced was determined 

over a 1 year period from July 2015 to August 2016. Periods of growth were 8 weeks 

from planting to harvest and 12 growth periods were evaluated (Figure 2-4). Above 

ground biomass production was 5.6 to 6.2 g per pot during the growth periods: 4/1-6/1, 

5/1-7/1 and 7/1-9/1 after which above ground biomass gradually decreased from 8/1-

10/1 to 9/1-11/1. Minimum above ground biomass was produced during the winter 

months 10/1-12/1, 11/1-1/1, 12/1-2/1, 1/1-2/1 and 2/1-4/1 before growth increased 

during 3/1-5/1.  Below ground biomass was greatest in the 7/1-9/1 period at 3.7 g per 

pot and was reduced in all other growth periods before reaching minimum below ground 

biomass production during 12/1-2/1, 1/1-3/1 and 2/1-4/1. As overall plant biomass 

increased from a minimum in 1/1-3/1 to maximum in 4/1-6/1, the root to shoot ratio 
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decreased which verified that I. pondweed shoot growth increases faster than root 

growth as previously noted by Barko and Smart (1981). Seed spike production was also 

highest during the 7/1-9/1 growth period with an average of 3.5 seed spikes per pot. 

Seed spike production was reduced in all other growth periods to below an average of 

1.3 spikes per pot. Though it was minimal, there was seed production from 4/1-6/1 to 

10/1-12/1 which is consistent with Hopson et al. (1993) who reported that I. pondweed 

blooms from spring to fall throughout Florida. 

The purpose of comparing growth (mg dry wt./ day) with GDD’s was to determine 

if high temperatures, high GDD’s, caused reduced growth. Growing degree days were 

calculated for each growth period (Table 2-2) and were highly correlated with daily I. 

pondweed above ground biomass production (Figure 2-5). Maximum above ground 

biomass was produced when GDDs accumulated over the 8 week growth period were 

between 527 and 833 GDDs. Average above ground biomass was minimal and did not 

reach 1 g dry weight per pot when GDDs were below 142  for the growth period. Both 

below ground biomass production and seed spike production were greatest at 833 

GDDs and seed spike production was non-existent at or below 327 GDDs. 

Summary 

Growth of both below ground and above ground I. pondweed was increased with 

the addition of OM from 0 to 2.7%, but was not affected by further OM additions above 

2.7%. Increasing salinity did not affect growth of I. pondweed until salt concentrations 

surpassed 5.02‰, at which point growth was decreased. Growth of I. pondweed roots 

and shoots increased with increasing water flow and 50% shade was optimum for I. 

pondweed growth. As expected, seasonal growth was greatest in summer and minimal 

in winter. Growth apparently did not decrease under the high water temperatures in 
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summer in Florida as indicated by growth compared to accumulated growing degree 

days. However, one 2-month growth period (6/1-8/1 2016) was inexplicably lower and in 

fact was greater than 800 GDD’s which may suggest reduced growth under high 

temperatures. Although, the GDD’s for 7/1-9/1 2015 were 833 and for 6/1-8/1 2016 

were 851. These are very similar and highest temps recorded were also similar (34-35 

C). 
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Figure 2-1. Dry weight of I. pondweed after growth for 10 weeks (May-July 2016) in soils 

containing different OM contents. Each value is the mean of 6 replications. 
Bars labeled with the same letter are not significantly different as determined 
by Tukey’s HSD test at α = 0.05.
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Figure 2-2. Dry weight of above ground and below ground biomass for I. pondweed (A) 

and hydrilla (B) grown for 8 weeks (July-September 2016) in tanks with 
varying water flow rates. Each value is the mean of 3 replications. Bars 
labeled with the same letter are not significantly different as determined by 
Tukey’s HSD test at α = 0.05. I. pondweed and hydrilla were analyzed 
separately, as was below ground and above ground biomass.
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Figure 2-3. Dry weight of I. pondweed after growth for 10 weeks (June-August 2016) 

under differing levels of shade. Each value is the mean of 6 replications. Bars 
labeled with the same letter are not significantly different as determined by 
Tukey’s HSD test at  α = 0.05. 
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Figure 2-4. Dry weight of I. pondweed below ground and above ground biomass and 
number of seed spikes produced after specified 8 week growth period 
throughout one year (July 2015-August 2016). Each value is the mean of 10 
replications. Below ground biomass, above ground biomass and number of 
seed spikes were separately compared. Bars within each measured attribute 
with the same letter are not significantly different as determined by Tukey’s 
HSD test at α = 0.05.
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Figure 2-5. Correlation between GDDs accumulated during an 8 week growth period 

and above ground biomass production of I. pondweed in an outdoor 3 m 
diameter tank. 
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Table 2-1. Average salinity (± 1 S.D.) and dry weight of I. pondweed after treatment with 
8 concentrations of salt and growth in mesocosms for 8 weeks (July 
September 2016). Conductivity and salinity values are an average of 6 
replications measured 5 times over the 8 week growth period. Dry weight 
values are the mean of 6 replications and values labeled with the same letter 
are not significantly different as determined by Tukey’s HSD test at α = 0.05. 

 
Salt Applied (‰)   Conductivity (mS/cm)       Salinity (‰)        Dry Wt. (g)/Mesocosm 

  0                                          0.16                                  0.10 (0.02)                11.1    A 

  1                                          1.50                                  0.90 (0.03)                10.6    A 

  2.5                                       3.38                                  2.03 (0.13)                11.1    A 

  5                                          5.83                                  3.50 (0.41)                9.3       A 

  7.5                                       8.37                                  5.02 (0.41)                6.9       B 

  10                                       11.32                                6.79 (0.51)                4.2       C 

  12.5                                    14.28                                8.57 (0.39)                1.0       D 

  15                                       16.71                                9.92 (0.84)                 0.1      D 
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Table 2-2. Growing degree days (GDD), average water temperatures1 and average 
growth (± 1 S.D.) of I. pondweed for 8 week growth periods over 1 year (July 
2015-August 2016). 

Growth Period           GDD’s           Average Temp. (C)           Shoot Growth (mg) / Day          

7/1 – 9/1                      833                             29.3                               102.4 (31.0) 

8/1 – 10/1                    729                             28.1                               65.6 (11.3)   

9/1 – 11/1                    544                             25.9                               46.8 (13.5) 

10/1 – 12/1                 367                              22.6                               36.9 (8.4) 

11/1 – 1/1                    252                             20.4                               22.2 (8.2) 

12/1 – 2/1                    114                             16.6                               5.6 (1.9) 

1/1 – 3/1                      29                               14.9                               1.7 (1.7) 

2/1 – 4/1                      142                             18.6                               20.2 (6.6) 

3/1 – 5/1                      327                             22.5                               56.5 (9.4) 

4/1 – 6/1                      527                             25.5                               98.4 (13.2) 

5/1 – 7/1                      723                             28.8                                91 (31.2) 

6/1 – 8/1                      851                             30.9                                39.7 (5.8) 

1 Average temperature was the average of daily high and low temperatures for each 
growth period. 

 
  



 

36 

CHAPTER 3 
EFFECTS OF SUBSTRATE NUTRIENTS ON GROWTH OF ILLINOIS PONDWEED 

Nutrient requirements of submersed vascular plants are not well understood and 

have only been studied on a few species. Sutton (1986) conducted research on the 

nutrient requirements of hydrilla and indicated that growth increased in response to 

increased sediment phosphorus (P), but obtained the other required nutrients (nitrogen 

(N), potassium (K), and micronutrients) from the water column. However, Barko and 

Smart (1981) reported that both N and P are required in the root zone of eelgrass for 

optimum growth and Mona (2015) reported that submersed macrophytes can satisfy 

their requirements for N, P and micronutrients by direct uptake from sediments. N 

requirements of Eurasian watermilfoil can apparently be met by a combination of root 

uptake from the sediment as well as absorption from the water column through stem 

and leaf tissue (Best et al. 1978, Nichols et al. 1976). In addition, Best (1978) reported 

that Eurasian watermilfoil can absorb considerable quantities of P from sediment and 

does not absorb P from the water. This conclusion is contradictory to results reported by 

Smith (1986) who found that Eurasian watermilfoil absorbs most of its P from the 

sediment but is also capable of absorbing P through foliar uptake from the water 

column. In a survey of 10 temperate lakes, Anderson (1988) reported that submersed 

aquatic plant biomass or growth was positively correlated with K content in the 

sediment. In contrast, Barko (1982) concluded that water rather than sediment is the 

primary source of K for hydrilla growth, with which Sutton (1986) agrees. The roots of 

submersed plants are greatly reduced compared to the roots of terrestrial plants and 

their role in nutrient uptake from lake sediments is not clearly documented (Sculthorpe 

1967). This uncertainty creates a need for additional research and separate N, P and K 
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fertilizers for use in determining which specific nutrients in the sediment limit growth of 

aquatic plants.  

It is common practice to add a slow release fertilizer to sediments for submersed 

plant studies (Mudge 2013). However, after a thorough search of commercially available 

slow release fertilizers, it was apparent there are not any slow release fertilizer 

formulations that contain only P. However, there are separate N, P and K fertilizers 

available without slow release coatings.  These products are ideal for isolating which 

nutrients are growth limiting, but no information is available on their release rates from 

lake or pond sediment into the overlying water column. If these highly soluble salts 

leach out of the sediment over a short period of time (hours/days), then long term 

studies may not be possible with these individual N, P and K sources.   

The objectives of these studies were:  

1. To determine the release of N, P and K from non-coated, highly soluble fertilizers 
incorporated into a sand substrate. 

2. To compare the growth of I. pondweed and hydrilla planted in sand substrate 
amended with slow-release fertilizer with and without micronutrients. 

3. To compare the effect of N and P concentrations in sediment on growth of I. 
pondweed, hydrilla and S. naiad and to determine the effect of K additions to 
sediment on growth of I. pondweed.  

Materials and Methods 

Nutrient Release from Sand Substrate 

Since slow release fertilizers containing only P are not available, it was 

hypothesized that incorporation of readily soluble fertilizer containing only N, P or K into 

sand sediment may slow the movement of these ions into the water column thus 

providing a supply of nutrients over time for plant growth. The readily soluble fertilizers 
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containing only N, P or K used in these studies were Hi-Yield®10 16-0-0 nitrate of soda 

(NaNO3), 0-18-0 superphosphate (Ca(H₂PO₄)₂) and 0-0-62 potassium chloride11 (KCl).  

These studies were conducted in 30 x 40 x 15 cm deep dishpans. There were 6 

treatments: water only, sand only, fertilizer only, fertilizer in sand, aerated fertilizer only 

and aerated fertilizer in sand. Each treatment was replicated 4 times. The fertilizer in 

sand treatments were incorporated into the lower 10 cm of sand in each container at a 

rate of 70g of fertilizer each and capped by a 5 cm layer of unfertilized sand. Dishpans 

were placed in 95 L tubs filled with water to 0.5 m of depth. The fertilizer-only treatments 

were simply allowed to drop onto the bottoms of the tubs.  Aeration, where required, 

was provided at 120 ml air / minute to simulate slight water flow. Tubs were in a 

greenhouse and were covered with black plastic to exclude light. Conductivity readings 

were performed at regular intervals after the treatments were placed in the tubs to 

determine the release characteristics of the nutrients from the fertilizer treatments into 

the water. Conductivity (µS/cm) was measured with a Mettler-Toledo AG®11 education 

line conductivity meter to monitor ion release over time. 

Conductivity in the water was expected to rise over time, plateau, then remain 

constant. The release of nutrients in dishpans without sand was used to compare to the 

release of nutrients from fertilizer incorporated into the sand treatments. The time it took 

for nutrients to be released from each treatment was recorded and non-linear 

regression was used to determine release rates. Components of the non-linear 

regression were used to calculate the estimated time for 10, 50 and 90% of the nutrients 

                                            
10 Voluntary Purchasing Groups Inc., Fertilome. Bonham, TX. 75418. 
11 Growers Fertilizer Corporation. Lake Alfred, FL. 33850 
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to be released into the water (ET10, 50 and 90) for each treatment along with 95% 

confidence intervals. 

Sediment Micronutrients on Growth 

The influence of micronutrients in sediment on growth of I. pondweed and hydrilla 

was compared by measuring plant response to fertilizers containing N, P, K and 

micronutrients to a fertilizer containing only N, P and K. Fertilizers were incorporated in 

South Florida sand in dishpans as described above. The South Florida sand had the 

following particle size distribution (USDA and Soil Conservation Service 1987): 6.7% 

very coarse, 5.6% coarse, 23.4% medium, 60.1% fine, 4.1% very fine sand and 0.1% 

silt/clay. The sand contained no OM and 2.2 mg/kg total P. The fertilizers were uniformly 

mixed into the lower 10 cm of sand and an additional 5 cm of unfertilized sand was 

placed over the fertilized sand. Fertilization rates reported in this Chapter are expressed 

as mg of elemental nutrient per kg of dry sand calculated based on the weight of oven 

dried sand placed in each treatment. Treatments without micronutrients were amended 

with 18-6-12 Osmocote® Classic at 40, 120, and 200 mg P / kg sand. Treatments with 

micronutrients were amended with 15-9-12 Osmocote® Plus micronutrients at 40, 120, 

and 200 mg P / kg sand. Five uniform size, 15 cm, growing tips of I. pondweed and 

hydrilla were planted in separate dishpans. There were 4 replications for each 

treatment. The pans, described above, were placed on a sheet of ground cloth in a 0.25 

hectare South Florida Water Management District pond in February 2015. The flow-

through test cell pond (#8) used for these nutrient studies was located in storm-water 

treatment area (STA) 1 West in Palm Beach County, FL and are described in detail by 

Guardo et al. (1995). The pond bottom consisted of hard lime rock and water-flow in 

and out of the pond was set up as a flow through system. Water was pumped to a head 
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cell pond from cell 3 of STA 1 West and usually contained between 100-150 ppb total P 

and 500-1000 ppb total N. The pond was drained several weeks prior to setting up the 

experiment to allow for desiccation of any submersed plants and herbicide treatments 

were applied to emergent species to minimize interference with the nutrient studies. The 

plants were allowed to grow for 11 weeks after planting. The pond was maintained at a 

water depth of 1 m and water exchange occurred 2-3 times per week. Harvesting 

consisted of removing all shoots from each pan and washing them with water to remove 

sand and debris, drying at 80 C and determining dry weights. 

Sediment N and P on Growth 

The effects of N and P in the root zone were also evaluated on growth of I. 

pondweed, S. naiad and hydrilla in the 0.25 hectare South Florida Water Management 

District ponds described above. Plants were grown in dishpans similar to those used in 

the nutrient release and micronutrient studies and the fertilizer treatments were 

incorporated using the same methods into South Florida sand described above. Fifteen 

cm long apical shoots of either I. pondweed or hydrilla were planted 5 per dishpan. S. 

naiad was planted in the center of the dishpan at approximately 10 shoots each. Each 

dishpan only contained 1 species and all fertilizer treatments had 6 replications. 

I. pondweed and S. naiad were grown in 7 concentrations of N provided by 

nitrate of soda (16-0-0) at 0, 25, 75, 150, 250, 450 and 700 mg N/kg sand. Preliminary 

studies on hydrilla growth in fall 2014 showed response to N and P concentrations 

higher than those needed by I. pondweed or S. naiad (data not shown). Consequently, 

in the hydrilla studies the N concentrations evaluated were increased to 0, 50, 150, 300, 

500, 1000, and 1500 mg N/kg sand. P was provided across all N treatments with 
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superphosphate (0-18-0) at a uniform concentration of 75 mg P/kg sand. No K or 

micronutrients were added to the sand substrate. 

Similar studies were conducted on growth of these 3 submersed species with 7 

concentrations of P. The P treatments were 0, 5, 15, 45, 90, 180 and 270 mg P/kg sand 

for pondweed and naiad and for hydrilla were 0, 15, 45, 90, 180, 270 and 360 mg P/kg 

sand. N was provided across all P treatments at a constant concentration of 160 mg 

N/kg sand.  These P studies took place in fall 2015 and were repeated in spring 2016 at 

higher P concentrations. The concentrations in the spring 2016 study were increased to 

0, 15, 45, 150, 300, 500 and 800 mg P/kg sand for I. pondweed and S. naiad and 0, 45, 

100, 200, 350, 700 and 1000 mg P/kg sand for hydrilla.  

Experimental units were arranged in a completely randomized design. Plants 

were grown for 10 weeks at which time all above ground plant material was harvested 

and dried in an oven to constant dry weight at 80 C. A single factor ANOVA was 

performed for each experiment and data was analyzed using Tukey’s HSD test. This 

experimental design, harvest method, and data analysis was used in all the following 

nutrient studies, unless otherwise noted. 

Sediment K on Growth 

It is generally reported that sediment K has little or no influence on growth of 

submersed plants (Mona et al. 2015). The effect of sediment K on growth of pondweed 

was studied in Gainesville, FL. Containers used to evaluate I. pondweed growth 

response to K concentration in the soil were 2.5 L plastic pots without holes. N and P 

concentrations were provided by nitrate of soda and superphosphate and were held 

constant across all treatments at 75 mg N/kg sand and 125 mg P/kg sand. These 

treatments were amended with 7 concentrations of K as KCl: 0, 250, 500, 1000, 2000 
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and 4000 mg K/kg sand. Fertilizer treatments were incorporated into the lower 10 cm of 

sand and capped with a 3 cm layer of unfertilized sand. Apical shoots of I. pondweed, 

approximately 15 cm in length, were planted 3 per pot. Each treatment was replicated 6 

times and all pots were placed into a 2.5 m diameter tank in a completely randomized 

design. Water depth was maintained at 0.75 m and tank water was replaced with well 

water every 2 weeks. Harvest methods and data analysis was as described in the N and 

P studies. 

Results and Discussion 

Nutrient Release from Sand Substrate 

N (nitrate of soda) additions to water apparently increased bacteria growth during 

this study. Bacteria iron is present in the source well water and can consume nitrate 

ions and therefore lower the conductivity of the water. The results of N release in this 

study were highly variable and no conclusions could be drawn regarding N release. 

Similarly, P additions to water caused visible precipitates to form which again lowered 

water conductivity, likely due to calcium and magnesium rich well water that was used in 

the study. When P fertilizer is added to a calcareous system, it undergoes a series of 

chemical reactions with Ca. These reactions decrease P solubility through a process 

called P fixation (Zekri et al. 2016). These complications resulted in inconsistent results 

in both the N and P release studies and the inability to accurately determine nutrient 

release over time (data not shown). If these studies were to be repeated, use of 

deionized water may be more appropriate than well water. Potassium is less affected by 

water quality (Buckman et al. 1960). Data were much more consistent from the K 

release which allowed evaluation of ion release from the sediments because this 

element apparently did not cause bacteria growth or form precipitates.  
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Incorporation of the KCl into the 10 cm layer of sand on the bottom of these pans 

and capped with 5 cm of unfertilized sand greatly slowed the release of KCl into the 

water column. The values (days) for the ET10, 50 and 90 were all higher in the sand 

substrate than when the K was simply placed onto the bottom of the mesocosms (tubs). 

In the static study (Table 3-1), the ET90 (95% confidence intervals) for KCl alone was 76 

(69-83) days and it took almost double that time for KCl in sand to achieve 90% release 

at 134 (120-148) days. In the aerated treatments, K alone reached 90% release into the 

water at 1 (0-1) day after applying the KCl and KCl in sand did not reach 90% release 

until 145 (128-162) days. Aeration greatly reduced the ET90 of KCl alone (76 days to 1 

day), but did not have an effect on release in sand, which suggests water flow in pond 

studies would not have an effect on K release from the sand substrate. 

These studies were conducted to determine if non-coated, highly soluble 

fertilizers were suitable for use in aquatic plant research. The solubility’s are 850, 18, 

and 360 g/L water for nitrate of soda, superphosphate and potassium chloride 

respectively.  Assuming that K also mimics the release of N and P, and N and P release 

is slowed similar to the release of K, then these data illustrate the effectiveness of sand 

in slowing the release of non-coated N, P and K fertilizers from the root zone into the 

water column. According to these release results, of K, when incorporated in sand, 

these non-coated fertilizers are well suited for use in aquatic plant research and provide 

sediment nutrition for up to 20 weeks. However, further research should be conducted 

to confirm the release of N and P fertilizers from sand substrates. 

Sediment Micronutrients on Growth 

Growth of I. pondweed and hydrilla was evaluated in STA test cell ponds in 

substrate containing slow release fertilizer with micronutrients compared to fertilizer 
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without micronutrients. At equal concentrations of P, adding micronutrients to the sand 

media had no effect on I. pondweed or hydrilla (figure 3-1) growth over an 11 week 

growth period. These data agree with conclusions reported by Sutton (1986) that 

micronutrient content in substrate had no effect on submersed plant growth. Thus, the 

sand or pond water apparently provided sufficient quantities of micronutrients for normal 

growth of I. pondweed and hydrilla. Hence, micronutrients were not added in further 

studies evaluating sediment N, P and K individually on submersed plant growth.  

Sediment N and P on Growth 

The effects of N and P in the root zone were evaluated on growth of I. pondweed, 

S. naiad and hydrilla in the STA test cell ponds. Both pondweed and naiad growth was 

increased with the addition of nitrate. Maximum above ground biomass was produced at 

25-150 mg N/kg sand for pondweed and 75 mg N/kg sand for naiad.  Addition of nitrate 

above those concentrations reduced growth in both species (Figures 3-2A and 3-3B). 

Hydrilla growth also increased with the addition of nitrate and achieved maximum 

growth at 150 mg N/kg sand and additional nitrate reduced growth (Figure 3-2C). These 

data suggest that hydrilla growth is greatest at higher substrate N concentrations than 

required for S. naiad growth. 

In these short-term N studies, S. naiad produced the most biomass followed by 

hydrilla and then pondweed. For all 3 species, maximum biomass was 2-3 times greater 

than the control, but plants did grow in the absence of sediment N. Hence, these 3 

species may satisfy N requirements by root uptake as well as by absorption from the 

water itself when grown in N deficient sediment as previously reported for Eurasian 

watermilfoil by Best (1978) and Nichols (1976).   
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Maximum above ground biomass was produced by I. pondweed at 90-270 mg 

P/kg sand in the fall 2015 and 150-800 mg P/kg sand in spring 2016 (Figures 3-3A and 

3-3B). Higher P concentrations were tested in spring 2016, however addition of 

superphosphate beyond 90 and 150 mg P/kg sand did not affect growth. In both the fall 

2015 and spring 2016 studies, maximum dry weight of I. pondweed was approximately 

13 g/pan. 

Growth of S. naiad also increased as sediment P concentrations increased and 

was highest at 15-270 and 150-800 mg P/kg sand in the fall 2015 and spring 2016 

studies respectively (Figures 3-4A and B).  Addition of superphosphate beyond those 

concentrations did not affect growth. Maximum dry weight of S. naiad was also 

consistent between the fall 2015 and spring 2016 studies at approximately 13 g dry wt./ 

pan.  

Highest above ground biomass was achieved by hydrilla at 180-360 mg P/kg 

sand in fall 2015 (Figure 3-5A) and 200-350 mg P/kg sand in spring 2016 (Figure 3-5B). 

Any addition of superphosphate beyond those concentrations did not affect growth, 

except in the spring, where growth was decreased at concentrations of 700 mg P/kg 

sand and above. Optimum sediment P concentrations for hydrilla growth in these 

studies were greater than reported by Sutton (1986) in his tank study. He established 

optimum growth of hydrilla at P concentrations of 44 to 62 mg P / kg sand. However, the 

highest P concentration evaluated in his studies was 62 mg P / kg sand. Maximum 

hydrilla growth in these studies was 25 to 35 g dry wt. / pan or about 2-3x that of I. 

pondweed or S. naiad. 
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Sediment P in the control treatments (no P) was apparently growth limiting in I. 

pondweed and hydrilla since very little, if any, biomass was produced at 0 mg P/kg sand 

and dry weight was 15x greater from control to optimum growth in I. pondweed and 20-

40x greater by hydrilla. This is consistent with results from Sutton (1986), who stated 

that based on macro nutrient (N-P-K) content of hydrilla plants grown under different 

nutrient levels, only the P component in the sediment impacted growth. There is a 

chance that the limited growth could also be due to N deficiency, since the proper 

functioning of N in plant nutrition requires a sufficient supply of the other essential 

nutrients, particularly P, K, Ca and Mg (Zekri et al. 2016). However, N in all the P 

studies was supplied at 160 mg N/kg sand, a concentration that was maximum or near 

maximum growth in the N studies (Figure 3-2). S. naiad produced biomass when grown 

in control sediments without P. Although the growth was minimal, maximum S. naiad 

growth was 4-5x that of the control, which suggests that S. naiad may be able to absorb 

P from the water. Maximum biomass or optimum growth was approximately 5x, 15x and 

30x greater than growth in the controls for S. naiad, I. pondweed and hydrilla 

respectively. These data show a greater growth response to sediment P (5-30x) than 

sediment N (2-3x) by all 3 species.   

In both the fall and spring P studies, hydrilla produced 10 to 20 times more 

biomass compared to growth of the native species. The reason for this much greater 

growth is unknown, but might be related to greater efficiency of nutrient use which 

contributes to its invasive growth. Also, all 3 species produced approximately 1/3 of 

biomass in the P studies than in the N studies. This may have been due to algal growth 

or reduced light penetration in the ponds during the P studies, which could have 
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hindered biomass production in the plants. In summary, addition of both N and P in the 

sediment positively affected growth of all 3 species tested. However, sediment P was 

growth limiting for I. pondweed and hydrilla whereas all 3 species were able to produce 

limited growth in sediment not containing N. 

Sediment K on Growth 

I. pondweed growth was not affected by the K content of sediment (Figure 3-6) 

from concentrations of 0 to 500 mg K/kg sand. However growth was depressed at K 

concentrations at or greater than 1000 mg K / kg sand and growth was negligible at 

4000 mg K / kg sand. This trend is similar to that in the N studies on naiad and hydrilla 

where growth is decreased at high sediment nutrient concentrations. Browning of leaf 

tips was observed at high sediment K concentrations and it is hypothesized that the 

plants may have experienced root burning as described by Jones (2005), which may 

have caused decreased growth. Any additional studies evaluating high salt (nutrient) 

concentrations in the sediment should also harvest roots to determine if high 

concentrations reduce root growth. 

Water rather than sediment appears to be the primary source of K for submersed 

macrophytes in most aquatic systems (Mona et al. 2015 and Sutton 1986). This 

apparently applies to I. pondweed since K was not a sediment factor that caused 

increased growth in these studies. 

Summary 

The nutrient content of soils varies widely throughout the different regions of the 

world. However, Buckman and Brady (1960) reported a very rough average nutrient 

content of a typical humid region agricultural soil. They indicated soil organic matter 

contents of 4% or 40,000 mg/kg, total N of 1,500 mg/kg, 440 mg P/kg and 11,000 mg 
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K/kg. Total N and P values of soils are no indication of the availability of these nutrients 

for plant uptake because of the complexity of the chemical reactions that occur in soils. 

Nevertheless, it is interesting to compare the N, P and K values found in these studies 

to optimize growth of submersed plants to those of typical agricultural soils. Assuming 

the highly soluble salts used in this study represent total N, P and K values, results 

show submersed plants grow well at 75 to 150 mg N/kg sand, 100-800 mg P/kg sand 

and at less than 500 mg K/kg sand. In comparison, the submersed plants in this study 

required about 10% of the N, about equal amounts of P and much less K than is 

contained in the average agricultural soil. Thus, the total N and P concentrations 

required for submersed aquatic plant growth in sediments is generally similar to 

terrestrial values. However, the sediment K requirements in this study were much lower 

than that reported for terrestrial values of K, possibly due to K uptake from the water 

column by aquatic plants. 
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Table 3-1. Estimated time (days) for release (ET10, ET50 and ET90) for KCl, with and 
without incorporation into sand substrate, into water over a time period of 0 to 
126 days in either static or aerated conditions in 95 L tubs. Values labeled 
with a * are significantly different between KCl alone and KCl in sand as 
determined by 95% confidence intervals calculated using components of non-
linear regression. 

 
   KCl Alone                                                                      KCl in Sand 

 

                                        Static  
ET10 = 12 (10 - 13)   ET10 = 23 (20 – 26)    * 
ET50 = 35 (32 – 38)   ET50 = 82 (54 – 110)  * 
ET90 = 76 (69-83)   ET90 = 134 (120-148)  *  

 
                                                    Aerated    
ET10 = 1 (0-1) ET10 = 20 (17 - 22)  * 
ET50 = 1 (0-1) ET50 = 53 (50 – 56)  * 
ET90 = 1 (0-1) ET90 = 145 (128-162) * 
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Figure 3-1. Dry weights (± 1 S.D.) of I. pondweed (A) and hydrilla (B) after 10 weeks of 

growth following Osmocote® Plus micronutrients treatments compared to 
similar concentrations of Osmocote® Classic without micronutrients. The 
treatments containing micronutrients are represented by the black bars (+). 
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Figure 3-2. Dry weight of I. pondweed (A), S. naiad (B) and hydrilla (C) after 12 weeks 

of growth (fall 2015) in sand amended with varying concentrations of N. Bars 
labeled with the same letter are not significantly different as determined by 
the Tukey’s HSD test at α = 0.05. 
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Figure 3-3. Dry weight of I. pondweed after 10 weeks of growth in sand amended with 

varying concentrations of P during fall 2015 (A) and spring 2016 (B). Bars 
labeled with the same letter are not significantly different as determined by 
the Tukey’s HSD test at α = 0.05.     
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Figure 3-4. Dry weight of S. naiad after 10 weeks of growth in sand amended with 

varying concentrations of P during fall 2015 (A) and spring 2016 (B). Bars 
labeled with the same letter are not significantly different as determined by 
the Tukey’s HSD test at α = 0.05. 
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Figure 3-5. Dry weight of hydrilla after 10 weeks of growth in sand amended with 

varying concentrations of P during fall 2015 (A) and spring 2016 (B). Bars 
labeled with the same letter are not significantly different as determined by 
the Tukey’s HSD test at α = 0.05. 
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Figure 3-6. Dry weight of I. pondweed after 10 weeks of growth (summer 2016) in sand 

amended with varying concentrations of K. Bars labeled with the same letter 
are not significantly different as determined by the Tukey’s HSD test at α = 
0.05.
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CHAPTER 4 
COMPARISON OF GROWTH AND HERBICIDE SUSCEPTIBILITY OF I. PONDWEED 

POPULATIONS IN FLORIDA 

As a species spreads into different geographic areas and experiences different 

environmental conditions, its populations may develop different adaptations. 

Environmentally induced variation in the morphology of aquatic plants is well known and 

changes can include growth rate, reproductive strategy, and herbicide and pest 

susceptibility. Hutchinson (1975) and Sculthorpe (1967) discussed at length 

occurrences where submersed plant populations increased or decreased due to 

changing environmental conditions such as nutrient fluctuations, water clarity, flow, etc.  

With respect to herbicide susceptibility, these variations can significantly affect 

management practices, as noted in the development of fluridone resistant populations 

of hydrilla in Florida (Puri 2009). Herbicide resistance occurs in species that were 

originally susceptible to an herbicide, but over time control is lost through the selection 

of an existing resistant individual or biotype.  For example, hydrilla was initially 

susceptible to low concentrations of fluridone, but over time a population was selected 

that was no longer controlled at recommended concentrations, despite no changes in 

the morphological appearance of the plants (Koschnick et al.2006).  Herbicides with 

different modes of action should be rotated in order to reduce the chances of herbicide 

resistance development in target species (Gettys et al. 2013). Mode of action rotation 

may also be important in managing possible resistance in non-target species, which can 

be exposed to repeated herbicide treatments when occurring in co-existence with an 

invasive species such as hydrilla (Mudge 2013).  

I. pondweed control can be attained using endothall at 1500 - 5000 ppb (CDMS 

2016) and diquat at 150 - 370 ppb (CDMS 2016). Imazamox is also effective on I. 
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pondweed at concentrations of 100 – 300 ppb (CDMS 2016). The following aquatic 

herbicides; 2,4-D, fluridone, imazapyr, glyphosate, carfentrazone, triclopyr, and 

hydrogen peroxide are not recommended for pondweed control (Langeland et al. 2006). 

In a growth chamber experiment, Mudge (2013) reported attaining greater than 90% 

control of I. pondweed with 500 ppb endothall and 75% control with 100 ppb diquat.  

I. pondweed has been identified in 47 of 322 Florida lakes surveyed in the Florida 

Lake Watch Program (Hoyer et al. 1996) and historically has never been a problem.  

Unexpectedly in 2012, this native species had become so problematic on East Lake 

Toho that boaters were being stranded, causing numerous calls to the Sheriff’s 

Department. The widespread growth of I. pondweed was seen as an impediment to 

recreation, including bass fishing tournaments, ecotourism, and powerboat races 

scheduled in the area. Consequently, 550 ha of I. pondweed were treated with endothall 

in October 2013 (Osceola County Lakes Management Plan 2015). For similar reasons, 

I. pondweed herbicide treatments were also conducted in the fall of 2013 on Lake June 

in Winter (Agarwal 2014). The reason for excessive growth of I. pondweed in these 

lakes is unknown, but may be attributed to environmentally induced variation of growth 

related characteristics, changing environmental conditions or selection after repeated 

low concentration exposure from regular herbicide treatments targeting hydrilla or other 

invasive weeds. 

Water quality data exists on some of these lakes. Brenner et al. 1988 reported 

total N and P values for lakes June in Winter and East Lake Toho during the period 

1975-1988. These data were compared to Florida Lakewatch data (UF/IFAS 
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LAKEWATCH 2016) from the period 2000-2015 and no consistent water quality 

changes were evident between these two time periods. 

I. pondweed has become problematic in a private pond in Lake County, Lake 

June in Winter (Highlands County) and in East Lake Toho (Osceola County) in recent 

years. There is no known explanation for this increased growth, therefore growth 

comparisons were planned to compare I. pondweed growth in these lakes to 

populations in lakes where growth has remained constant over time.  

The specific objectives of these studies were to: 

1. Compare growth of I. pondweed populations from different waterbodies in FL, 
one in which I. pondweed is not a problem and three where it has become 
problematic. 

2. Compare susceptibility of I. pondweed from Rodman Reservoir, which has never 
been treated with herbicides, to I. pondweed from Lake County that has a history 
of being treated with herbicides to control hydrilla and also with endothall and 
diquat to control I. pondweed. 

Materials and Methods 

Growth Comparisons of Four Populations of I. Pondweed 

Growth of I. pondweed from Rodman Reservoir, where it has never been 

problematic, was compared to populations from 3 Florida lakes where I. pondweed has 

become problematic including East Lake Toho, Lake June in Winter and a private pond 

in Lake County. A growth comparison of Rodman Reservoir I. pondweed versus Lake 

County I. pondweed was repeated 4 times over a period of 1 year from June 2015 to 

July 2016. Growth of I. pondweed from Rodman Reservoir was also compared once to 

Lake County and East Lake Toho from May to August 2016 and to Lake June in Winter 

from July to October 2016.   
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I. pondweed, separated by population, was planted into 3.5 L plastic pots without 

holes, filled with CAIP washed masonry sand to a depth of 10 cm. Pots were amended 

with 1 g/kg dry sand of Osmocote® Classic fertilizer (150 mg N and 25 mg P / kg dry 

sand) and capped with 3 cm of unfertilized sand. Fifteen cm long apical shoots were 

planted 3 per pot. Experimental units were replicated 50 times for the Rodman 

Reservoir versus Lake County comparisons and 40 and 30 times for the Rodman 

Reservoir versus Lake June in Winter and Rodman Reservoir versus Lake County 

versus East Lake Toho comparisons, respectively. A summary of these growth studies 

is presented in table 4-1. Plants were placed in a 1000 L common garden tank for each 

comparative growth study, filled with CAIP well water to 0.75 m of depth, arranged in a 

completely randomized design, and allowed to grow for 12 weeks in a shade house at 

which time all above ground biomass was harvested and dried to a constant weight.   

Herbicide Susceptibility of Rodman Reservoir and Lake County Pondweed 
Populations   

The herbicide susceptibility of I. pondweed from Rodman Reservoir was 

compared to the Lake County population which has been treated with herbicides in the 

past.  These studies were conducted in a greenhouse at the CAIP in Gainesville, FL 

and compared the effectiveness of endothall and diquat on control of the two 

accessions. The endothall study took place from February to July 2016 and the diquat 

study from September 2015 to March 2016.  Two pots, planted using the same methods 

described above in the growth studies, were placed in a 95 L mesocosm maintained at 

a water depth of 0.5 m and allowed to establish for 8 weeks after-which the test 

herbicides were applied. There were 6 replications (mesocosms) for each of 7 herbicide 

concentrations evaluated. Endothall concentrations were 0, 5, 15, 30, 60, 120, 240, 500 
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and 1000 µg active ingredient / L (ppb). Diquat concentrations were 0, 5, 10 20, 40, 60, 

80, 120 and 240 ppb.  Each mesocosm was treated once and plants were maintained 

under static conditions for 8 weeks after treatment. At that time all live above ground 

plant material was harvested, cleaned of any debris, dried in an oven to constant dry 

weight at 80 C, and weighed to determine total shoot biomass for each replicate. After 

harvest, pots were placed in a 15 m x 3 m rectangular pool in a greenhouse and filled 

with well water to a depth of 0.6 m to allow regrowth from the herbicide treatments. After 

12 weeks of re-growth, plants were harvested in the manner described above. Non-

linear regressions were performed and components of the analysis were used to 

compare EC10, EC50 and EC90 values. 

Results and Discussion 

Growth Comparisons of Four Populations of I. Pondweed 

In the first quarterly study, after 12 weeks of growth (June 2015 – Sept 2015), the 

population of I. pondweed that is problematic in Lake County produced an average of 

3.20 g (± 0.79) of dry biomass per pot while the Rodman Reservoir population where it 

is not problematic produced an average of 1.43 g (± 0.48) of dry weight (Figure 4-1). 

These initial results suggested the need for additional growth comparisons not only 

between the Lake County and Rodman Reservoir populations, but also comparisons to 

other Florida I. pondweed populations. Further comparisons of the Rodman and Lake 

County populations were conducted in fall 2015 and winter and spring 2016. In contrast 

to the summer 2015 study, no further differences in growth between these 2 populations 

were evident (Figure 4-2). 

Growth comparisons between I. pondweed populations from Rodman Reservoir, 

Lake County and East Lake Toho resulted in dry weights of 2.1 (± 1.3), 1.7 (± 0.8) and 
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1.9 (± 0.9) g respectively and did not present additional differences in growth between 

populations (Figure 4-3). Concurrently, I. pondweed from Rodman Reservoir was 

compared to Lake June and resulted in dry weights of 1.2 (± 0.3) and 1.3 (± 0.3) g 

(Figure 4-3).  This study was conducted during summer 2016 and did not display 

greater growth of I. pondweed from Lake County compared to Rodman Reservoir, as 

found in summer 2015. The reason for 2x higher growth of the Lake County I. 

pondweed in summer of 2015 is unknown. These studies did not support the hypothesis 

that possible environmentally induced variations of the problematic populations 

occurred in Florida.  

Growth of I. pondweed was over 2 g dry weight per pot for the Lake County 

population in summer 2015, fall 2015 and spring 2016 and for the Rodman Reservoir 

population in summer 2016 and spring 2016. Growth of less than 2 g dry weight per pot 

was found for Rodman Reservoir I. pondweed in summer 2015 and winter 2016, and 

East Lake Toho and Lake June in summer 2016. The reduced growth of the 2016 

Rodman and Lake County winter study was likely due to reduced photoperiod or 

temperature and is similar to winter-growth reported in Chapter 2. The lower growth 

produced by the 4 populations (Figure 4-3) in summer 2016 was also evident in Chapter 

2 (Figure 2-4) for the June/July seasonal growth study. It was hypothesized that 

June/July 2016 was hotter than other growth periods but this is not supported by the 

growing degree data (Table 2-2) and the reason for reduced growth in summer 2016 

remains unknown.  
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Herbicide Susceptibility of Rodman Reservoir and Lake County Pondweed 
Populations   

Herbicide susceptibility and re-growth after treatment was compared between 

populations of I. pondweed from Rodman Reservoir and Lake County (Table 4-2). 

Endothall concentrations necessary for 10% biomass reduction of Rodman Reservoir I. 

pondweed were slightly greater than for Lake County I. pondweed and higher endothall 

concentrations, 555.1 (127.2 – 983.0) ppb, were necessary for 90% reduction of Lake 

County I. pondweed compared to Rodman Reservoir I. pondweed at 87.7 (54.6 – 120.8) 

ppb. These treatments were the only two differences noted in the endothall study. 

Taking 95% confidence intervals into account, the difference in EC10 and EC90 values 

between the two populations were minimal since both populations were effectively 

controlled (90%) well below recommended use rates of 1500 – 5000 ppb endothall. Re-

growth of I. pondweed, following post herbicide treatment harvest, showed no 

differences between the two populations for all concentrations evaluated and therefore 

there was no evidence to suggest different tolerances to endothall between the two 

populations.  

Diquat reduced the biomass of the Rodman reservoir I. pondweed by 50% at 10 

(8.1-12.0) ppb whereas the Lake County pondweed was reduced by 50% at a treatment 

concentration of 14.5 (12.1-16.9) ppb (Table 4-3). Similar to the endothall study, when 

95% confidence intervals are taken into account, the difference in EC50 values between 

the 2 populations is minimal. There were no differences between populations in the 

diquat concentration required to attain either 10 or 90% control. Effective I. pondweed 

control was achieved well below the recommended use rate of 150 – 370 ppb. Re-

growth of I. pondweed, following post herbicide treatment harvest again resulted in no 
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differences between the two populations for all concentrations evaluated. The results of 

this study also indicate no major differences in the two populations’ susceptibility to 

diquat. 

The recent excessive growth of I. pondweed in Lake County, Highlands County 

and Osceola County was the catalyst for comparing their problematic populations to a 

non-problematic population. The initial summer 2015 growth comparison between Lake 

County I. pondweed and Rodman Reservoir I. pondweed indicated a much greater 

growth rate of the Lake County population, but these results were not repeated in fall, 

winter, spring or the following summer. Additionally, Lake County and Rodman 

Reservoir I. pondweed populations were evaluated for susceptibility to endothall and 

diquat. The results indicated minimal differences between populations for endothall 

EC10 and EC90 values and diquat EC50 values. Additionally, re-growth data did not 

suggest any difference in herbicide tolerance between these populations. 

 



 

64 

Table 4-1. Growth comparisons of Florida I. pondweed populations conducted in 1000 L 
common garden tanks during 2015 and 2016. 

Date                              Replicates              Comparison 

 

June 15 – Sept 15               50          Rodman Reservoir vs Lake County 

Oct 15 – Jan 16                   50          Rodman Reservoir vs Lake County 

Jan 16 – Apr 16                   50          Rodman Reservoir vs Lake County 

Apr 16 – July 16                   50          Rodman Reservoir vs Lake County 

May 16 – Aug 16                  30          Rodman Reservoir vs Lake County vs E. Toho               

Jul 16 – Oct 16                     40          Rodman Reservoir vs  June in Winter 
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Table 4-2. Comparison of EC10, EC50 and EC90 values between two populations of I. 
pondweed following 8 weeks of growth in mesocosms treated with endothall 
and 12 weeks of regrowth after initial harvest. Values labeled with an * are 
significantly different as determined by 95% confidence intervals calculated 
using components of non-linear regression. 

 
   Rodman Reservoir                                                          Lake County 

 

                                               Initial Treatment  
EC10 = 28.5 (16.9 – 40.0) EC10 = 4.3 (-1.5 – 10.2) * 
EC50 = 50.0 (41.1 – 58.8) EC50 = 48.8 (23.1 – 74.6) 
EC90 = 87.7 (54.6 – 120.8) EC90 = 555.1 (127.2 – 983.0) * 

 
                                                Re-Growth    
EC10 = 1.3 (-2.0 – 4.5) EC10 =0.0 (0.0 – 0.0) 
EC50 = 132 (5.4 -259.3) EC50 = 1.4 (-56.8 – 59.7) 
EC90 = 13,989.4 (-17,896.0 – 45,874.8) EC90 = NA 

 
 
 
 
Table 4-3. Comparison of EC10, EC50 and EC90 values between two populations of I. 

pondweed following 8 weeks of growth in mesocosms treated with diquat and 
12 weeks of regrowth after initial harvest. Values labeled with an * are 
significantly different as determined by 95% confidence intervals calculated 
using components of non-linear regression. 

      Rodman Reservoir                                                      Lake County                                      
 

                                      Initial Treatment 
 

EC10 =   3.4 (2.0 – 4.9) EC10 =   8.1 (5.5 – 10.8) 
EC50 = 10.0 (8.1 – 12.0) EC50 = 14.5 (12.1 – 16.9) * 
EC90 = 29.6 (19.6 – 39.6) EC90 = 25.9 (17.6 – 34.1) 

   
                                   Re-Growth  
EC10 = 1.6 (-4.7 – 7.9) EC10 = 14.1 (-1.3 – 29.4) 
EC50 = 127.3 (-35.3 – 289.9) EC50 = 81.9 (47.9 – 116.0) 
EC90 = 10,061.5 (-29,920.1 – 50,033.1) EC90 = 477.3 (36.4 – 918.2)    
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Figure 4-1. First quarterly (summer 2015) frequency distribution comparison of two 

populations of I. pondweed after 12 weeks of growth in a common garden 
tank. Each value is the number of pots that yielded plants within the specified 
weight range.
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Figure 4-2. Quarterly dry weight comparison of two populations of I. pondweed after 12 

weeks of growth in a common garden pool. Each value is the average of 50 
replications. Bars labeled with the same letter in the same season are not 
significantly different as determined by a single factor ANOVA and t-test at α 
= 0.05. 
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Figure 4-3.  Dry weight comparison of 4 populations of I. pondweed after 12 weeks of 
growth (summer 2016) in a common garden pool. Each value is the average 
of 30 replications for the May to August study and 40 replications for the July 
to October study. Bars labeled with the same letter are not significantly 
different as determined by a single factor ANOVA and Tukey’s HSD test at α 
= 0.05.
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CHAPTER 5 
COMPARISON OF SOIL CHARACTERISTICS FROM AREAS DOMINATED BY 

EITHER I. PONDWEED OR HYDRILLA 

There are regions within lakes that tend to support growth of certain plant 

species to the exclusion of others. This is likely due in part to differences in soil 

composition in those specific regions. Brenner and Binford (1988) analyzed mid-lake 

sediment samples from 97 Florida lakes for OM content and total N and P among other 

sediment variables. Average OM content was 39.7% of dry sediment in Florida lakes, 

but was highly variable with a range of 0.8 to 84.2%. Average sediment N and P 

concentrations were 16,700 mg N and 1,600 mg P / kg dry sediment and were also 

highly variable with ranges from 600 to 42,500 mg N and 70 to 8,090 mg P / kg. These 

values represent total N and P concentrations which can be much greater than available 

N and P concentrations. The primary impact of sediment upon the distribution of rooted 

aquatic plants could also be due to its texture rather than its chemical composition 

(Sculthorpe 1967), but there is little evidence for this (Barko and Smart 1982; Barko 

1982). Sediment pH is another factor that may affect distribution of aquatic plants. 

Jackson (1993) evaluated the role of sediment pH (4.7-7.1) in determining the 

bioavailability of 5 metals (Al, Cu, Fe, Mn, and Zn) to needle spikerush (Eleocharis 

acicularis (L.) Roem. & Schult.), pipewort (Eriocaulon septangulare With.), Isoetes sp. 

and Grassy arrowhead (Sagittaria graminae Michx.). The results indicated that lower pH 

increased the bioavailability of these 5 trace elements to these rooted aquatic plants. 

Soluble P, NH4
+, Fe and Mn concentrations also increased with decreasing pH in a 

study conducted on sediment suspensions of pH 5.0, 6.5, and 8.0 (De Laune 1980).  

The objective of this field study was to identify soil characteristics (OM content, 

particle size distribution, pH and total N and P concentrations) that support growth of I. 
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pondweed compared to those in which hydrilla is the dominant species in the same 

lakes.  

Materials and Methods 

Soil samples were collected from four water bodies in Florida (Rodman 

Reservoir, E. Lake Toho, W. Lake Toho and Lake Istokpoga). Samples were collected 

from regions where I. pondweed growth is dominant and from regions where hydrilla 

growth is dominant. GPS coordinates were recorded for each sample location. Samples 

were collected with a 225 cm2 Ekman dredge and soil depth was calculated by dividing 

the volume of the sample by the area of the dredge opening. The target sample depth 

was between 5 and 10 cm since I. pondweed and hydrilla roots were observed within 

that range. Water depth was also recorded for each sample. Immediately after removal 

from the dredge, each sample was transferred into a sealed plastic bag and placed in a 

cooler. Samples were then moved into 2.5 L metal pans and placed in a Power O Matic 

60® oven and dried at 80 C to constant dry weight. After 4-5 days in the drying oven, 

soil samples were analyzed for particle size, OM content and total P concentration. 

Particle size (texture) classification was determined by passage through U.S.A. 

Standard Testing sieves and expressed as percent of particles within each size 

category as described by the USDA Soil Textural Classification Guide (1987). OM 

content was evaluated by placing approximately 4 g of each sample into a clean 50 ml 

beaker and transferring the beakers into a Thermolyne® Type 1400 Furnace at 600 C 

for approximately 5 hours. The weight of the soil in each beaker was determined before 

and after ignition and the weight loss was reported as percent OM. Total P was 

analyzed with Mehlich 3 analysis by the University of Florida, IFAS Analytical Research 

Laboratory in Gainesville, FL.  
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Results and Discussion 

A total of 40 lake soil samples were collected from 4 lakes in areas dominated 

either by I. pondweed (21) or hydrilla (19). Sample locations, water depth, and soil 

depth were all recorded and analysis was conducted for sample OM content, total P 

concentration and particle size distribution which is reported in the Appendix tables A1-

A6.  

The average water depth was consistent between I. pondweed (1.4 ± 0.3 m) and 

hydrilla (1.6 ± 0.4 m) dominated sites sampled and the average soil depths sampled 

were 6.0 ± 0.9 and 7.2 ± 1.2 cm, respectively (Table 5-1). Average OM content was also 

the same for the I. pondweed (3.4 ± 5.5%) and hydrilla sites (11.6 ± 16.6%). There were 

two samples collected from I. pondweed dominated sites in Rodman Reservoir 

(samples 37 and 38, Appendix Table A-2) that were an order of magnitude higher in OM 

than the 19 other samples. If these values were omitted from the data set, the average 

drops to 1.8 ± 0.9% which is still not different from the hydrilla areas. These results do 

not support the observation that I. pondweed grows in substrates higher in sand than 

hydrilla. 

The OM content of the I. pondweed sites ranged from 1 to 24.8% (Appendix 

Table A-2) and for the hydrilla dominated areas from 1 to 57.6% (Appendix Table A-5). 

The total number of sites containing OM above 55% by weight was 2 for I. pondweed 

and 9 for hydrilla. The very high variability between OM contents resulted in average 

OM values being the same for the two species, but it appears that hydrilla may grow 

over a wider range of soil OM contents than I. pondweed. Additional sampling however 

would be required to investigate this possible trend. 
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Average OM content for both areas fell within the 2.7 to 73.8% range reported in 

Chapter 2 that was optimum for growth of I. pondweed and were both below the 

average of 39.7% OM content reported by Brenner and Binford (1988) for 97 Florida 

Lakes. Brenner and Binford’s (1988) values may be higher because they sampled only 

the top 2 cm of sediment compared to approximately 6.5 cm of sediment that was 

sampled in these studies.  However, average OM content found in these samples for W. 

Lake Toho (5.7± 10.5%) and Lake Istokpoga (2.4 ± 0.8%) were similar to Brenner and 

Binford’s results of 8.1 and 3.8% OM for these 2 lakes respectively.  

Average total P was 14.4 (± 11.6) mg P / kg for I. pondweed and 25.6 (± 21.6) 

mg P / kg for hydrilla dominated sites (Table 5-1). Average total P for both I. pondweed 

and hydrilla sites were well below the average for Florida lake sediments (1600 mg 

P/kg) reported by Brenner and Binford (1988). However, in these studies the Mehlich 3 

method was used to determine total P whereas Brenner and Binford (1988) determined 

total P spectrophotometrically using ascorbic acid-ammonium molybdate after digestion 

(American Public Health Association 1975). Also, average total P from the sampled 

sites was less than the optimum concentration (90-800 mg P/kg) reported for I. 

pondweed growth in Chapter 3. 

The average particle size distribution was similar for both the I. pondweed and 

hydrilla sites. Also, both I. pondweed (92%) and hydrilla (79%) sites were dominated by 

fine to medium sand. During the sampling process it was evident that some areas were 

more difficult than others to push the dredge through the sediment, but had similar 

particle sizes. Therefore, level of compaction may be another sediment factor that 

affects submersed plant growth, but further research would be necessary to determine 
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why I. pondweed grows in areas of lakes different from locations where hydrilla 

dominates the flora.
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Table 5-1. Average (± 1 S.D.) water depth, soil depth, OM content and total P 
concentrations of 40 soil samples collected from 4 Florida lakes in areas 
dominated by either I. pondweed (21) or hydrilla (19). 

     Site                   Water Depth (m) Soil Depth (cm)  % OM        Total P (mg/kg)      
 

I. pondweed    1.4 (0.3)              6.0 (0.9)              3.4 (5.5)               14.4 (11.4)                     
                    

     Hydrilla         1.6 (0.4)                   7.2 (1.2)             11.6 (16.6)            25.6 (21.6) 
 

 

 Table 5-2. Average (± 1 S.D.) particle size distribution of 40 soil samples collected from 
4 Florida lakes in areas dominated by either I. pondweed (21) or hydrilla (19). 
Values expressed as percent of particles within each sand size category as 
described by the USDA Soil Textural Classification Guide (1987).  

Site                % Very Coarse % Coarse     % Medium          % Fine       % Very Fine 

 
 

I. pondweed     0.4 (0.4)     1.7 (1.7)     35.1 (12.9)         56.7 (13.4)  5.9 (6.6)     
  
Hydrilla     2.7 (3.4)     7.0 (10.3)     27.6 (16.0)         50.9 (21.8)        11.7 (9.3)       
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APPENDIX A 
SOIL SAMPLING DATA 

Table A-1. Coordinates, water depth and soil sample depth of 21 sediment samples 
collected from 4 Florida lakes in areas where the submersed plant community 
is dominated by I. pondweed. 

 
Sample #      Lake                    Coordinates             Water Depth (m)     Soil Depth (cm) 

5 Istokpoga N 27º26.620 W -81º17.134 1.5 8.9 

6 Istokpoga N 27º20.097 W -81º17.133 1.4 6.2 

7 Istokpoga N 27º20.119 W -81º17.124 1.4 5.3 

8 Istokpoga N 27º20.149 W -81º17.115 1.5 5.8 

9 Istokpoga N 27º20.144 W -81º16.602 1.4 5.6 

11 Istokpoga N 27º21.314 W -81º16.181 1.4 6.7 

18 E. Toho N 28º31.866 W -81º29.375 1.7 5.8 

19 E. Toho N 28º31.640 W -81º29.675 1.7 5.8 

20 E. Toho N 28°31.147 W -81°30.156 1.7 5.8 

21 E. Toho N 28°30.791 W -81°30.695 1.5 4.4 

22 E. Toho N 28°29.880 W -81°31.591 1.6 6.7 

23 E. Toho N 28°28.506 W -81°31.362 1.6 5.3 

32 W. Toho N 28°23.327 W -81°37.345 0.7 5.8 

34 W. Toho N 28°19.176 W -81°38.053 1.1 4.4 

35 W. Toho N 28°17.113 W -81°38.803 1.6 6.2 

37 Rodman N 29º31.262 W -81º48.248 2.1 6.7 

38 Rodman N 29º32.178 W -81º48.258 1.5 6.7 

39 Rodman N 29º31.163 W -81º48.255 1.2 6.2 

40 Rodman N 29º31.123 W -81º48.253 1.3 6.2 

41 Rodman N 29º31.589 W -81º49.534 1.1 6.2 

42 Rodman N 29º32.005 W -81º49.547 1.2 6.2 

Mean   1.4 6.0 

SD   0.3 0.9 
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Table A-2. OM content and total P concentration of 21 sediment samples collected from 
4 Florida lakes in areas where the submersed plant community is dominated 
by I. pondweed. 

 
Sample #         % OM                                P (mg/kg)            

5 2.4 
 

               21.7 

6 2.6                26.4 

7 1.9                21.0 

8 2.5                23.0 

9 1.5                24.2 

11 1.1                 9.3 

18 1.6                9.6 

19 1.3                9.4 

20 1.2                8.5 

21 1.2                9.7 

22 1.2                9.6 

23 1                5.6 

32 1.6                4.0 

34 1.3               10.1 

35 1                8.3 

37 24.8               51.8 

38 12.3               27.3 

39 2.7                8.4 

40 1.4                6.4 

41 4.6                3.9 

42 

Mean 

 SD            

2.2 

3.4 

5.5 

              4.1 

            14.4 

        11.6 
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Table A-3. Particle size distribution of 21 sediment samples collected from 4 Florida 
lakes in areas where the submersed plant community is dominated by I. 
pondweed. Values expressed as percent of particles within each sand size 
category as described by the USDA Soil Textural Classification Guide (1987).  

 
Sample #     % Very Coarse     % Coarse     % Medium     % Fine     % Very Fine     % Silt/Clay  

5 0.3 3.2 29.9 55.9 10.6 0.1 

6 0.1 3.9 35.2 54.9 5.9 0 

7 0.3 2.2 22.7 63.3 11.4 0.1 

8 0.1 2.8 31.6 58.8 6.7 0 

9 0.2 1 29.6 63.4 5.8 0 

11 0.3 2.6 39 54.2 3.9 0 

18 0.3 0.4 29.4 68.7 1.2 0 

19 0.1 0.2 34.4 64.5 0.8 0 

20 0.4 0.2 35.1 63.4 0.9 0 

21 0.1 0.2 28.2 70.3 1.2 0 

22 0.1 0.8 37.3 59.5 2.3 0 

23 0.3 0.6 33.2 63.9 2 0 

32 1.1 1.6 12.6 72.7 11.9 0.1 

34 0.4 0.3 36.1 60 3.2 0 

35 0 0.4 38.4 57.9 3.2 0.1 

37 0.3 0.6 30.4 44.1 23.3 1.3 

38 0.3 0.5 30.7 44.1 22.3 2.1 

39 0.8 1.5 36.5 59.4 1.8 0 

40 1.5 1.1 27.9 65.9 3.6 0 

41 0.6 5.1 68.5 24.4 1.4 0 

42 1 6.1 70.8 21 1.1 0 

Mean 0.4 1.7 35.1 56.7 5.9 0.2 

SD 0.4 1.7 12.9 13.4 6.6 0.5 
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Table A-4. Coordinates, water depth and soil sample depth of 19 sediment samples 
collected from 4 Florida lakes in areas where the submersed plant community 
is dominated by hydrilla. 

 
Sample #      Lake                    Coordinates                   Water Depth (m)       Soil Depth (cm) 

12 Istokpoga N 27º25.375 W 81º15.334 1.3 8 

13 Istokpoga N 27º25.458 W -81º15.333 1.4 7.1 

14 Istokpoga N 27º 25.619 W -81º15.389 1.4 6.2 

15 Istokpoga N 27º25.724 W -81º15.397 1.4 7.6 

16 Istokpoga N 27º25.788 W -81º15.921 1.6 8.4 

17 Istokpoga N 27º25.991 W -81º16.027 1.6 7.1 

24 E. Toho N 28°32.050 W -81°30.287 0.8 4.9 

25 E. Toho N 28°32.259 W -81°29.379 1.5 5.8 

26 W. Toho N 28°26.533 W -81°38.145 1.6 8 

27 W. Toho N 28°28.677 W -81°40.033 1.5 6.2 

28 W. Toho N 28°24.048 W -81°41.022 1.4 8.4 

29 W. Toho N 28°23.387 W -81°34.854 1.3 5.8 

30 W. Toho N 28°22.766 W -81°38.077 1 6.7 

43 Rodman N 29º32.179 W -81º50.022 2.2 8.9 

44 Rodman N 29º32.105 W -81º50.155 2 8.9 

45 Rodman N 29º31.139 W -81º50.490 2.2 5.8 

46 Rodman N 29º31.081 W -81º52.078 2 8.9 

47 Rodman N 29º30.584 W -81º52.307 2 6.7 

48 Rodman N 29º31.023 W -81º52.350 1.4 6.7 

Mean   1.6 7.2 

SD   0.4   1.2 
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Table A-5. OM content and total P concentration of 19 sediment samples collected from 
4 Florida lakes in areas where the submersed plant community is dominated 
by hydrilla. 

 
Sample #          % OM                                         P (mg/kg)             

12 4.2    14.6 

13 2 24.2 

14 2.3 26.9 

15 2.2 14.5 

16 2.7 29.6 

17 3 41.9 

24 1 8.4 

25 1.1 8.1 

26 35.1 18.0 

27 3.1 18.0 

28 5.3 16.4 

29 1.5 5.4 

30 5.5 20.8 

43 6.5 12.3 

44 57.6 86.4 

45 7.9 3.4 

46 48.5 41.3 

47  
 

48        

Mean        

SD 

16.5  

14.8      

11.6      

16.6 

70.6  

24.9  

               25.6 

21.6 
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Table A-6. Particle size distribution of 19 sediment samples collected from 4 Florida 
lakes in areas where the submersed plant community is dominated by 
hydrilla. Values expressed as percent of particles within each sand size 
category as described by the USDA Soil Textural Classification Guide (1987).  

 
Sample #     % Very Coarse     % Coarse     % Medium     % Fine     % Very Fine     % Silt/Clay 

12 2.7 2.5 25.5 55 14.2 0.1 

13 0.9 0.4 6.6 69.5 22.5 0.1 

14 0.1 0.4 2.9 65.9 30.6 0.1 

15 0.4 1 12.3 62.4 23.8 0.1 

16 0.6 2.1 34.5 47.8 14.9 0.1 

17 0.4 2.2 51.3 39.8 6.2 0.1 

24 0.8 0.7 14.6 78.7 5.2 0 

25 0.2 1.2 30.7 66 1.9 0 

26 na na na na na na 

27 0.4 1.7 19.8 65.5 12.4 0.2 

28 1.2 3.2 15.7 68.2 11.6 0.1 

29 0.2 0.4 20.9 70.6 7.9 0 

30 4.3 2.7 23.7 65.1 4.2 0 

43 7.5 27 51.4 12.7 1.4 0 

44 na na na na na na 

45 6.2 16.5 57.7 17 2.6 0 

46 10.5 31.4 32.4 18.1 7.6 0 

47 1.7 3.6 25.3 40.7 27.5 1.2 

48 8.5 22.5 43.3 21.9 3.8 0 

Mean 2.7 7.0 27.6 50.9 11.7 0.1 

SD 3.4 10.3 16.0 21.8 9.3 0.3 
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