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Collected from Pool 8 of the Upper Mississippi River - August 2001
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Introduction

Vallisneria americana  Michx. is an important submersed macrophyte found in the Upper Mississippi River.  This plant provides an important food source for waterfowl and the leaves provide habitat for fish and a substrate for invertebrate colonization (Korschgen, 1988).  Vallisneria and other submersed aquatic plants declined markedly in the UMR systems between 1988 and 1991 (Rogers 1994, Rogers et al. 1995 and Nelson et al. 1998).  Although the specific cause of the decline has not been determined, it is generally believed it was triggered by summer drought conditions experienced from 1987 to 1989 when river flows were substantially below normal (Sullivan, 1991, Kimber et al. 1995a and McFarland and Rogers 1998).  Since 1991, submersed aquatic vegetation in the UMR pools has rebounded and has likely been promoted by increased light penetration (Sullivan, 1993, Kimber et al. 1995b and Korschgen et al. 1997) following turbid conditions of the early 1990s (Jim Fischer, Wisconsin Department of Natural Resources, La Crosse, WI). 

It has been suggested that nutrient limitation, especially nitrogen availability, may have played an important role during the drought conditions experienced during the late 1980s (Sullivan 1991, Rogers et al. 1995 and Fischer,1995). Nitrogen is an important plant nutrient and dissolved inorganic forms are typically found in low concentrations in the river during summer low flow conditions (Sullivan, 1991). Laboratory and field studies of Vallisneria growth conducted by Rogers et al. (1995) indicated Lake Onalaska sediments were intrinsically infertile and were limited by nitrogen.  Amending these sediments with nitrogen was found to greatly stimulate plant growth when grown under controlled conditions in a laboratory. 

Plant tissue analysis is an important tool to assess nutrient limitation and critical tissue nitrogen and phosphorus contents have been determined for Vallisneria (Gerloff and Krombholz, 1966).  Nutrient availability for Vallisneria or other submersed aquatic vegetation on the UMR has received little attention and may offer an important index to assess its overall health.  A monitoring program was implemented in navigation Pool 8 of the UMR in the summer of 2001 to assess the nutrient composition of Vallisneria  leaves and ambient sediments from which it was growing.  The objectives of this work were to assess the nutrient content of Vallisneria and its relationship to the nutrient, particle size, and organic matter content of sediments.  A major objective was to determine if nitrogen or phosphorus content of Vallisneria tissues was below critical values established for this species.  Follow-up monitoring is planned for 2002 to assess year to year variability and establish baseline conditions. Future monitoring during summer periods with low river flow will help determine if these conditions influence the nutrient availability and the general health of Vallisneria beds. 

Methods

Plant Sampling and Tissue Analysis

Vallisneria plants were collected from 10 sites (Table 1) in navigation Pool 8 of the Upper Mississippi River on August 9, 2001generally along a transect from Stoddard, Wisconsin to Brownsville, Minnesota  (Figure 1).  In addition, one site was located near the outlet of Lawrence Lake located about 2 miles upstream of Brownsville along the Minnesota shoreline.   This sampling included the following general habitat classifications: main channel border, open impounded, backwater contiguous and backwater lake as described by Wilcox, 1993.

Five to ten plant samples (roots and leaves) were collected with a hand rake, rinsed with river water to remove sediments and placed in plastic bags.  Plant samples were transported to the field station in a cooler with ice.  Samples were rinsed and carefully washed by hand using tap water upon return from the field to remove additional sediments, algae and calcium precipitates from leaf surfaces.  The average, maximum leaf lengths were derived from measurement of five to ten individual plants.   The entire crown of leaves was removed from the plant just above the roots where green pigmented tissue was obvious.  Healthy, green crown samples from 5 to 10 plants were composited and placed in small paper bags for drying in a commercial drying oven at 80 oC for approximately 24 hours.  The total weight of the dried crowns was divided by the number of plants forming the composite to yield an estimate of the average shoot weight per plant at each site. 

Plant tissue analysis was performed by the University of Wisconsin Soil and Plant Analysis Laboratory (SPAL) in Madison, Wisconsin.  Phosphorus, potassium and calcium analyses were based on perchloric and nitric acid digestion followed by inductively-coupled plasma emission (ICP) spectrophotometry.  Total nitrogen analysis utilized sulfuric acid digestion with metal catalysts to convert nitrogen forms to ammonium and was analyzed by a flow injection analyzer following a modified Kjeldahl nitrogen procedure. Standard reference material (Tomato leaves) was obtained from the U.S. Corps of Engineers Eau Galle Aquatic Ecology Laboratory and was also analyzed by SPAL to evaluate laboratory accuracy.  In addition, field and laboratory duplicates were performed on tissue samples from sites 2 and 3, respectively, to estimate precision.

Sediment Analysis

Sediment samples were collected from each Vallisneria bed using a 2 in diameter Lexan coring device.  A composite of 3, 0.2 to 0.3 meter deep core samples were collected from the general area where plant samples were obtained.  Samples were mixed in a large stainless steel bowl and then placed into plastic bags and transported to the field station in a cooler with ice.  Sediments were further mixed at the field station lab and then transferred to appropriate sample bottles/bags for shipping to analytical laboratories.  

The Wisconsin State Laboratory of Hygiene (WSLH) in Madison, Wisconsin determined sediment total Kjeldahl nitrogen (TKN), nitrite+nitrate nitrogen, ammonia nitrogen, total phosphorus and % solids on a dry weight basis following EPA approved procedures (WSLH, 1992).  For inorganic nitrogen forms, ammonia and nitrite+nitrate nitrogen were extracted from sediment using a potassium chloride solution and mechanical mixing followed by filtration of the elutriate with a 0.45 micron membrane filter. Simultaneous analysis of both nitrogen forms was completed using an automated flow injection method.  Accuracy and precision estimates were not performed during the analysis of these samples but these measurements were available for batches of samples run previously by this laboratory. The Soils and Plant Analysis Lab determined sediment particle size analysis using a hydrometer and provided an estimate of organic matter content by igniting dried sediment at 550 oC (% volatile solids).  

Results and Discussion

Quality Assurance

The analysis of tomato leaf certified standard indicated reasonably good accuracy for the plant tissue samples with the percent difference between measured and known values ranging from -4.9% to 1.8% (Table 2). Precision estimates (relative % difference, R%D) based on laboratory replicates varied from 1.9% to 15.9%.  Precision measurements of split field samples were noticeably lower with R%D ranging from 8.5 to 52.9%.  The lowest precision was found for calcium and was likely due to varying amounts of calcium precipitates on plant surfaces. 

Accuracy and precision measurements for sediment samples analyzed by the WSLH are based on average results from previous quality assurance samples performed by this laboratory (Table 3).  Estimates of accuracy are based on spike recoveries and ranged from 81.8 to 106% for the nitrogen and phosphorus analyses.  Nitrite+nitrate nitrogen had a relatively low accuracy but this was only based on an average of two samples.  Precision estimates were based on the analysis of spilt samples and ranged from 3.8 to 36.5% (R%D).  Nitrite+nitrate nitrogen yielded low precision and was likely influenced by a small sample size (n=2).  Further, this form of nitrogen is usually present at low concentrations in sediments and small changes in concentration will yield high values when these differences are expressed as a percentage.

Vallisneria Samples and Plant Tissue Measurements

Water depths in Vallisneria beds ranged from about 0.2 to 1.4 meters (Table 4).  Water depths at the time of collection were about 0.4 m below typical summer levels (US Corps of Engineers' Brownsville gage) based on a pool-wide drawdown that was being implemented during the summer of 2001.  Plants were generally growing in moderately dense beds and were sometimes associated with other submersed vegetation including Zosterella dubia in flowing areas and Elodea candensis and Ceratophyllum demersum in backwater areas. Substrates varied widely from silty-clays in isolated backwater areas to very sandy materials along the main channel border.  Moderately dense colonies of zebra mussels were present at two locations (sites 7 & 9) and were found at the sediment-water interface and were occasionally attached to or surrounded the base of Vallisneria shoots.

The average, maximum leaf length of Vallisneria plants ranged from 0.3 to 1.2 meters and was significantly correlated to water depth (Figures 2a,b).  The average dry weight of leaf tissues (crowns) ranged from about 0.4 to 1.1 g per plant (Figure 2c) and was not correlated with water depth (Table 5).  Plants growing in shallow water had wider leaves and seemed to have more leaves per crown.  Further, calcium precipitates appeared more frequently on plants growing in shallow water and may have confounded the dry weight measurements. 

Nitrogen content of Vallisneria leaf tissue samples was relatively uniform and ranged from 2.67 to 3.77% (Figure 3a).  The coefficient of variation in the mean nitrogen content was about 12% (Table 4). The phosphorus and potassium content of tissue samples (Figure 3b,c) were more variable with coefficient of variations exceeding 25%. All tissue samples had nitrogen and phosphorus contents that exceeded the critical nitrogen and phosphorus contents, 1.3% and 0.13%, respectively, as determined for this species suggesting surplus assimilation in excess of plant needs (Gerloff and Krombholz, 1966).  The phosphorus and potassium contents were positively correlated to water depth and sediment clay content.  In general, the lowest nitrogen, phosphorus, and potassium contents were found at sites that were relatively shallow with sediments comprised primarily of sand suggesting these substrates were less fertile.   Tissue calcium contents were highly variable and ranged from 1.7 to 8.1% (Figure 3d).  This likely reflects the inclusion of calcium precipitates on leaf surfaces, especially at sites where the water depth was less than 0.4 m (sites 3, 4 and 6).

Sediment Measurements

Sediment particle size in Vallisneria beds varied widely with sand contents ranging from 3% at site 2 to 97% at site 6 (Table 4).  The organic matter content exceeded 10% at the Lawrence Lake site and was only about 1.5% in the sandy sediments of the main channel border (sites 4 and 6). Sediment organic matter was highly correlated to the silt, clay, total phosphorus and total Kjeldahl nitrogen (r > 0.9,Table 5) and fine organic sediments contained high levels of these nutrients (Figure 4a).  A strong correlation between organic matter and total Kjeldahl nitrogen was expected since this analysis of nitrogen includes organic and ammonia forms, with the latter comprising only a small fraction of Kjeldahl nitrogen. 

Inorganic nitrogen (ammonia plus nitrite+nitrate nitrogen) concentrations in sediments ranged from less than 0.5 ug/g to more than 60 ug/g (Figure 4b) and represented a small percentage of the total nitrogen content of sediment (< 1 to 8%). Sediments with sand contents exceeding 80% (sites 3 to 6) exhibited the lowest inorganic nitrogen concentrations whereas sediments with high silt and clay contents (>40%) normally had the highest levels (Table 2).  An exception was site 10, an isolated highly vegetated backwater near Stoddard that had a silt plus clay content of 49% and an inorganic nitrogen concentration of less than 7 ug/g.  It is suspected this site was influenced by nutrient assimilation by Vallisneria and other rooted submergents (Myriophyllum sp., Elodea canadensis, Zosterella dubia) that were present at this location.  Inorganic nitrogen was primarily in the ammonia nitrogen form.  However, sites 1 and 9 had concentrations of nitrite+nitrate nitrogen exceeding 10 ug/g and accounted for 24% and 31%, respectively, of the inorganic nitrogen in these sediments.

Even though the sandy sediments from sites 3 to 6 had very little inorganic nitrogen, Vallisneria tissues had nitrogen contents exceeding critical levels by more than 100% (Figure 4c).  The remaining sites had greater surplus nitrogen in tissues suggesting the nitrogen was more readily available at those locations, most likely through nutrient assimilation through roots (Barko and Smart, 1981).  Surplus tissue phosphorus contents exceeded surplus nitrogen levels at all sites suggesting greater availability of phosphorus or more efficient assimilation (i.e. luxury consumption) of this nutrient.  

One must ask how the nitrogen needs of Vallisneria is achieved when growing in nutrient poor sandy substrates typical of the main channel border?  It would appear that some source other than the sediments is supplying inorganic nitrogen to these plants.  The most likely source is the inorganic nitrogen that is present in the overlaying water column either through rapid nutrient exchange with the sediments or through uptake via leaf surfaces.  Rogers (et al. 1995) have proposed a similar theory based on laboratory and field evaluations of Vallisneria growth. They grew Vallisneria in the laboratory on sandy sediments (79% sand) obtained from Lake Onalaska (Pool 7) and reported poor growth due to nitrogen limitation.  Amending the sediments with nitrogen in laboratory studies greatly stimulated above ground biomass.  However, Vallisneria growth in field plots, where sandy sediment was obtained for laboratory studies, failed to show nitrogen limitation. They suggested that mineralization of freshly settled sediments and "other processes occurring in the root zone" might have compensated for the low fertility of sandy sediments. 

Although sedimentation and mineralization of organic matter may be a potential source in backwater sediments, this seems an unlikely source for main channel border sediments that have moderate velocity where fine sediment or organic matter deposition is likely low. Dissolved inorganic nitrogen in river water seems a more likely source for sandy substrates since these sediments offer greater porosity (permeability) than fine sediments.  Further, median inorganic nitrogen concentrations in the Mississippi River typically exceed 1 mg/L during summer periods with normal or above average flows (Sullivan et al. 2002). Dissolved inorganic nitrogen in the river above Lock and Dam 8 during the summer (June-August) of 2001 averaged 1.7 mg/L and ranged from 0.7 to 3.8 mg/L based on bi-weekly monitoring conducted by the Long Term Resource Monitoring Program (Dave Soballe, USGS, Onalaska, WI). June to August river flows in 2001 averaged approximately 48,300 cfs (USGS gage at Winona, MN) which is 60% greater than the long term average for this period.  During summer periods with low flow, inorganic nitrogen concentrations in the river are substantially lower (<0.02 to 0.5 mg/L) (Sullivan, 1991, 1995) and may impose nutrient limitation in beds growing on sandy substrates or sediments with low inorganic nitrogen availability.  Future monitoring of Vallinseria tissue and sediment nutrient contents is necessary to verify this hypothesis. 

Summary

Vallisneria was found to be growing in 0.2 to 1.4 meters of water in a wide range of substrates consisting of silty clays to 97% sand.  The maximum leaf length was strongly correlated to water depth and ranged from 28 to 120 cm.  The average dry weight of leaves (tissue samples) per plant at the 10 sample sites ranged from 0.4 to 1.1 g with a combined average of 0.7 g. 

Plant tissue analysis of Vallisneria leaves revealed nitrogen and phosphorus concentrations exceeded critical values established for this species and indicated neither nutrient was limiting plant growth at the time of this collection.  Lowest tissue nitrogen, phosphorus, and potassium contents were found in shallow water with substrates dominated by sand and suggest these sediments were less fertile.  Calcium tissue levels were highly variable and were likely influenced by calcium precipitates on leaf surfaces. Future plant sampling for tissue analysis may need to consider rinsing leaves in a dilute acid bath to facilitate removal of this mineral matter.

Inorganic nitrogen concentrations in sediments were predominantly in the ammonia nitrogen form. Two sites had moderate concentrations of nitite+nitrate nitrogen and accounted for 24 to 31% of the inorganic nitrogen levels at these sites.  Substrates with sand contents exceeding 80% exhibited very low inorganic nitrogen concentrations  (<0.5 to 2.4 ug/g) in comparison to substrates with greater silt and clay contents.

The presence of surplus tissue nitrogen contents in Vallisneria on sandy substrates with little inorganic nitrogen suggests the plant's nitrogen needs are satisfied by rapid nutrient exchange between the sediment or overlying water or assimilation via leaf surfaces.  Inorganic nitrogen concentrations in river averaged 1.7 mg/L during the summer of 2001 and did not limit plant growth.  We believe the nitrogen needs of plants growing on sandy substrates may become limiting during years with below normal river flow. The nutrient status of Vallisneria and sediment need to be monitored during low flow summers to verify this hypothesis. This information will further our understanding of factors that may have contributed to the river-wide decline of submersed vegetation following the drought of the late 1980s.
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Latitude

Longitude

Site

Description

NAD 1927

NAD 1927

Substrate and

 Vallisneria 

bed comments

deg    min

deg    min

1

Lawrence Lake Outlet

43 43.314

-91 16.205

Silt-clay, bed 2-3 m diameter, low  density

2

Below Wildcat Landing

43 40.576

-91 16.614

Silty, bed 2-3 m diameter, moderate density

3

Raft Channel Border

43 40.474

-91 16.315

Silty-sand, bed 2-4 m diameter, moderate density

4

Horseshoe Island

43 40.278

-91 15.847

Sandy, bed 4 m diameter, low-moderate density

5

Turtle Island

43 39.987

-91 15.420

Sandy, bed 6 m diameter, moderate density

6

East of Turtle Island

43 39.910

-91 14.960

Sand, moderate density

7

West of Crosby Slough

43 39.958

-91 14.577

Sandy-silt with clay, zebra mussels, bed 4 m dia.

8

West of Slingshot Island

43 39.744

-91 14.234

Silty-sand, bed 1m diameter, low-moderate density

9

West of Stoddard Landing

43 39.470

-91 13.830

Silt-clay with clay, zebra mussels, bed 4 m diameter 

10

North of Stoddard Landing

43 39.556

-91 13.443

Silt-clay, low-moderate  density
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Measurement

Nitrogen

Phosphorus

Potassium

Calcium

Standard Reference Material % 

1

3.03 

+

 0.05

0.216 

+

 0.004

2.70 

+

 0.05

5.05 

+

 0.09

Soil & Plant Analysis Lab %

2.93

0.22

2.57

5.12

% Difference

-3.4

1.8

-4.9

1.4

Precision of Field Duplicate R%D

 2

11.7

8.5

31.8

52.9

Precision of Lab Duplicate R%D

 3

1.9

1.9

8.0

15.9

1

Certified standard (Tomato leaves 1573a) from the National Institue of Standards & Technology.

 The uncertainty is the sum of the 95% confidence limit and known systematic error.

2

Relative % difference based on a field split sample of dried 

Vallisneria

 leaves from site 3.

3

Relative % difference based on a laboratory split (after grinding) of dried Vallisneria leaves from

 

site 2.

Table 3. Accuracy and precision estimates of nitrogen and phosphorus analysis of sediment

samples analyzed by the State Laboratory of Hygiene.  Data reflect long term averages for 

2000 and 2001. Compiled by Susan Hill, WSLH, May 2002.

Measurement

Total

Nitrite+

Kjeldahl

Ammonia 

Nitrate

Total

Nitrogen

Nitrogen

Nitrogen

Phosphorus

Accuracy (Spike Recovery%)

106

94.2

81.8

97.6

Precision (R%D)

10.4

8.9

36.5

3.8
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Vallisneria americana

 tissue and bed sediment analyses of samples collected from Pool 8 of the Upper Mississippi River on August 9, 2001.

Site

Measurement

1

2

3

4

5

6

7

8

9

10

Avg.

1

Min

Max

SD

1

CV%

1

Water Depth m

0.85

0.61

0.34

0.34

0.67

0.18

0.49

0.88

1.19

1.37

0.69

0.18

1.37

0.39

55.6

Vallisneria

 Measurements

2

Tissue (crown) weight g

0.49

0.78

1.08

0.42

0.52

0.52

0.52

0.95

0.56

0.83

0.67

0.42

1.08

0.23

33.8

Maximum leaf length cm

108.2

86.2

50.4

34.5

88.5

28.5

79.2

83.5

119.6

120.2

79.9

28.5

120.2

32.83

41.1

Plant Tissue Analyses

N %

3.22

3.18

2.79

2.87

2.67

2.85

3.38

3.65

3.77

3.20

3.16

2.67

3.77

0.37

11.7

P %

0.48

0.52

0.36

0.31

0.39

0.34

0.53

0.55

0.72

0.50

0.47

0.31

0.72

0.12

26.4

K %

4.64

4.37

2.43

3.34

3.36

2.90

4.46

4.97

6.30

4.32

4.11

2.43

6.30

1.13

27.5

Ca %

2.68

2.90

6.57

4.44

2.20

8.14

1.74

1.77

1.63

1.76

3.38

1.63

8.14

2.29

67.6

Sediment Analyses

Sand %

22

3.0

83

96

90

97

56

71

54

51

62.3

3.0

97.0

31.6

50.7

Silt %

34

70.5

10

0

5

0

26

19

26

37

22.8

0.0

70.5

21.5

94.5

Clay %

44

26.5

7

4

5

3

18

10

20

12

15.0

3.0

44.0

12.8

85.5

Org. matter (% Vol. Solids)

10.1

7.9

3

1.5

2.5

1.4

4.2

2

4.3

4.7

4.2

1.4

10.1

2.84

68.4

Solids %

44.7

57

79.7

80.1

75.8

77.9

68.8

66.8

71.7

63

68.6

44.7

80.1

11.3

16.4

Ammonia-N ug/g

31.7

26.4

<

0.16

<

0.16

2.4

1.4

63.1

7.2

39.2

6.8

17.8

<

0.16

63.1

21.5

120

Nitrate+Nitrite-N ug/g

10.1

0.5

0.6

0.3

<

0.25

<

0.25

2.7

0.8

18.3

0.5

3.4

<

0.25

18.3

6.05

178

Total Kjeldahl N ug/g

3030

1690

384

<

230

329

<

230

1060

384

710

903

872

<

230

3030

901

103

Total P ug/g

855

727

234

119

234

123

471

265

350

426

380

119

855

247

64.8

1

 A value of 1/2 the reported detection limit was used for deriving summary statistic.

2 

Based on an average of 5 to 10 plants.
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Vallisneria

 Study 2001.

Variable

Depth

Plant W

Plant L

Plant N

Plant P

Plant K

Plant Ca

Sand

Silt

Clay

%VS

Solids

NHx

NOx

TKN

Plant W

0.295

Plant L

0.924

** 

0.178

Plant N

0.602

0.092

0.418

Plant P

0.699

*   

0.399

0.576

0.830

** 

Plant K

0.723

*   

0.018

0.600

0.903

** 

0.879

** 

Plant Ca

-0.778

*   

-0.117

-0.697

*   

-0.733

*   

-0.830

** 

-0.782

*   

Sand

-0.626

-0.227

-0.721

*   

-0.527

-0.624

-0.612

0.467

Silt

0.627

0.309

0.713

*   

0.500

0.634

0.555

-0.488

-0.982

** 

Clay

0.565

0.092

0.661

*   

0.624

0.673

*   

0.721

*   

-0.515

-0.952

** 

0.896

** 

%VS

0.559

0.117

0.746

*   

0.370

0.467

0.479

-0.406

-0.952

** 

0.921

** 

0.927

** 

Solids

-0.632

-0.129

-0.661

*   

-0.515

-0.588

-0.649

*   

0.418

0.879

** 

-0.878

** 

-0.830

** 

-0.794

** 

NHx

0.512

-0.062

0.523

0.784

*   

0.833

** 

0.857

** 

-0.754

*   

-0.687

*   

0.670

*   

0.809

** 

0.620

-0.693

*   

NOx

0.477

0.161

0.421

0.817

** 

0.707

0.756

*   

-0.598

-0.592

0.518

0.756

*   

0.567

-0.445

0.728

*   

TKN

0.477

0.117

0.598

0.506

0.573

0.573

-0.439

-0.945

** 

0.926

** 

0.957

** 

0.939

** 

-0.866

** 

0.758

*   

0.653

*   

TP

0.521

0.092

0.626

0.535

0.620

0.632

-0.480

-0.936

** 

0.924

** 

0.948

** 

0.912

** 

-0.918

** 

0.808

** 

0.621

0.988

** 

 *Significant at p = 0.95

Plant W = Average plant weight g

%VS = % Volatile Solids (Organic matter estimate)

**Significant at p = 0.99

Plant L = Maximum plant length cm

Solids = Sediment solids content %

Plant N = Plant N content %

NHx = Sediment ammonia nitrogen ug/g

Plant P = Plant P content %

NOx = Sediment nitrite+nitrate nitrogen ug/g

Plant K = Plant K content %

TKN = Sediment total Kjeldahl nitrogen ug/g

Sand = Sediment sand content %

TP = Sediment total phosphorus ug/g

Silt = Sediment silt content %

Clay = Sediment clay content %


