
1. Phosphorus availability from the soils along two streams of the Lake Champlain 

Basin: Mapping, characterization and seasonal mobility 

 

Final Report 

 Project Type:  Research 

 

3. Focus Categories: Nutrients, nonpoint pollution, water quality 

 

4. Research Category: Water Quality 

 

5. Keywords: phosphorus, soil, sediment, soil survey, soil test, P transport 

 

6. Start Date: March 6, 2006 

 

7. End Date:  March 5, 2008 

 

8. Principal Investigators: 

 

 

Donald S. Ross                                                       Eric O. Young 

Research Associate Professor           Postdoctoral Scientist    

Department of Plant and Soil Science                    Department of Plant and Soil Science 

University of Vermont           University of Vermont 

dross@uvm.edu                                                      eoyoung@uvm.edu 

 

Joel Tilley, Ph.D.              Kristen Underwood 

University of Vermont                       South Mountain Research & Consulting 

jptilley50@gmail.com                                  Bristol, VT 05443 

               southmountain@gmavt.net 

                         

 

Cooperators:  
 

Steven H. Gourley, State Soil Scientist, USDA-NRCS, Colchester 

Caroline Alves, GIS Specialist/Soil Scientist, USDA-NRCS, Williston 

Thomas Villars, Soil Scientist, USDA-NRCS, White River Junction 

 

9. Congressional District: Vermont-at-large 



Abstract 

The relative contributions of different phosphorus (P) sources to Lake Champlain are still 

uncertain.  Soil variability along streams is an important factor influencing P fate and transport. 

Though agriculture is considered a major P source, P loading from stream bank erosion can also 

be a significant source of sediment-bound P to streams and the lake. In Vermont, the adequacy of 

map unit delineations along streams is not well known, and there is a lack of information on soil 

P availability among map units occurring along streams.  We investigated the soils mapping and 

P availability along portions of two riparian restoration sites (Rugg Brook and Lewis Creek). The 

soils along the streams were remapped at a higher resolution than the soil survey (1:20000) to 

determine if additional soil variation would be captured.  Twenty soil profile samples were 

collected across each of the two riparian restoration sites and analyzed for plant-available and 

total P. Subsets of samples were used for extraction and microcosm studies to evaluate inorganic 

and organic P solubility.  After remapping the soils at the sites, there were discrepancies between 

the soil survey map and the map unit names and delineations from the higher order remapping.  

Total and plant-available P varied significantly among map units. Total P concentrations were 

strongly influenced by drainage class and texture, which are the basis for differentiating and 

mapping soils. Encouragingly, results suggest that soil mapping tools may be used as part of an 

overall index of potentially mobile P in floodplains.  The relationship between soil map unit 

variation and available P concentrations was less clear. In contrast to what was expected, average 

available P levels did not vary significantly by depth. In a subset of map unit samples, available 

P could be used to predict the amount of water soluble P, suggesting its use as an index of plant 

availability and environmental assessment.  Flooding soils in laboratory microcosms caused 

moderate to high increases in porewater molybdate reactive P. The dominant form of water 

extractable P in these soils was organic in nature, of which 48% could be hydrolyzed by 

phosphtase enzymes. Results indicate that organic P could be important in these soils, and 

suggest its potential bioavailability. The results of this research highlight the critical importance 

of soil map unit properties on total, available, and potentially mobile P in riparian zones. 

In troduction  

Physical, chemical, and biological processes affect the fate and transport of phosphorus (P) in 

riparian zones.  Floodplain and riparian soils vary in native P content due to differences in parent 

material and legacy sediments. Under suitable conditions, stream riparian zones can reduce 

sediment and runoff P loading to streams by intercepting polluted runoff water. However, 

riparian soils can also be a source of P loading due to stream bank erosion. Geomorphic 

assessment in Vermont indicates that approximately 75% of the assessed stream and river 

reaches (757 miles) are eroding due to floodplain loss (VT DEC, 2007).   

Despite the need for information on factors affecting P levels in stream bank soils and legacy 

sediments, few studies in Vermont or the Northeast have investigated the relationship between 

soil-landscape variability and óbackgroundô P concentrations among riparian soils. There is a 

consensus among scientists that soil-specific estimates of P for floodplains and indices of 

potential solubility could improve P management efforts in VT. There is also a clear need to 

assess and refine the accuracy of the current soil mapping, enabling better current and future 

modeling efforts. An improved understanding of how soil-landscape factors (e.g., soil series, 



parent material, drainage, mineralogy, redox) influence the forms, concentrations, and spatial 

variability of P is needed to optimize the cost-effectiveness of best management practices.   

The objectives of this study were to: (i) evaluate the suitability of the soil survey mapping at two 

riparian restoration sites, (ii) determine if P concentrations (total and plant-available) vary 

significantly among map units, (iii)  assess the potential for P release to runoff and flood water 

using laboratory and field methods.   

Methods 

The study took place at existing riparian restoration sites located along reaches of Rugg Brook   

and Lewis Creek (Fig. 1). The parent materials at the sites range from outwash to alluvial and 

glaciolacustrine deposits.  Soil variability in general is high, with drainage class and profile 

characteristics change over short distances. Soils have not received fertilizer in several decades, 

and have been managed as pasture or riparian buffer.  Soils at the sites were remapped at a 

higher resolution than the original survey (1:20000) by NRCS during 2006. The new map unit 

delineations were hand-drawn based on field profile sampling and interpretation of stereo 

imagery, and subsequently digitized. 

Soil samples for chemical analysis were taken at 15 cm depth intervals to a depth of ~1 m at 

twenty locations distributed across the site. Samples were taken from discrete map units based on 

the remapping by NRCS. Most map units were sampled at 4 to 6 locations. At each location, 15 

cm depth-increment (to ~ 1m) samples were taken with soil augers at two locations spaced 

approximately 3-5 m apart in random directions. Care was taken to ensure that both samples 

were from the same map unit.  Depth increment samples were composited. Locations were 

georeferenced and plotted on the high intensity soil maps (Figs. 2, 3).  Sediment samples for 

chemical analysis were taken from established cross-sections used for geomorphic assessment at 

the Lewis Creek site. These included channel, bed, and stream bank sediments.   

Stream sediment samples were collected from three cross sections along the Lewis Creek at the 

Lewis Creek site (Fig. 1, Appendix). Updated mapping completed during this study identified 

Middlebury alluvial sandy loams in the vicinity of these sections.  Discharge in the Lewis Creek 

on the sample date (31 August 2007) was at baseflow condition.     

Soil and Water Analyses 

Soils were sieved and dried prior to chemical analysis. Available P and cations were determined 

by extraction (1:5) with ammonium acetate buffered at pH 4.8 (the Modified Morgan extractant). 

Phosphorus in the extract was measured by a spectrophotometer with the molybdate stannous 

chloride method. Organic matter was determined by loss on ignition. Total P and cations were 

determined by nitric acid digestion in a microwave accelerated reaction system. Extracts were 

diluted and P and metals were measured by Inductively Coupled Plasma-Optical Emission 

Spectroscopy using standard techniques. Subsets of soils were analyzed for distilled water 

extractable (1:25) inorganic P, and for organic and inorganic water extractable (1:4) P. A subset 

of soils was collected in late November 2007 for determining P release under flooded conditions. 

Microcosms were constructed according to Young and Ross (2001). Field moist samples were 

flooded for 75 days with distilled water and porewater and floodwater were periodically 

monitored for molybdate reactive P and soluble iron. Soluble iron (Fe
2+

) was measured 



colorimetrically (Jackson, 1958). Soils used in the microcosm experiment were extracted with 

water and assayed for total soluble organic P and P hydrolyzed by phosphatase enzymes.  Total P 

in water extracts was measured using the persulfate oxidation method.  Enzyme assays were 

done according to the method of Turner et al. (2002). Duplicate porous cup tension lysimeters 

(25 cm deep) were installed at four locations at each site to collect soil water during the 2007 

field season. Samples were analyzed for molybdate reactive P.      

Statistical Methods 

A General Linear Modeling approach was used for hypothesis testing and variance explanation 

(SAS, 1999). Analysis of Variance was used to test the null hypothesis of equivalent soil P 

concentrations among map units. One-way ANOVA was used for individual series to test for 

differences among depths.  Means were separated by a priori linear contrasts using least square 

means (because the data were unbalanced). Residuals from each analysis were inspected to check 

for gross violations of GLM assumptions. Stepwise multiple linear regression was applied to 

explore relationships among total P concentrations and other soil chemical variables (using a 

selection to enter of p Ò .001 and selection to stay in the model of p Ò .0001).    

Results and Discussion 

Mapping 

The Rugg Brook study area was originally mapped entirely as Binghamville silt loam (Flynn and 

Joslin, 1979). Following our high intensity remapping, five additional soil series were identified 

and mapped (Fig. 2). Rather than being all silt loam, soils on the north side of the stream varied 

from sandy outwash (Windsor), to silty clay deposits (Covington) to the west. Following the high 

intensity remapping, the stream bank soils were mapped as an alluvial sandy loam (Winooski), 

not a glaciolacustrine silt loam (e.g., Binghamville).  The fact that these soils differ in both 

drainage and texture could be an important distinction depending on the objective. In terms of P 

availability, there was not a significant difference between the Binghamville and the Winooski   

(see óPhosphorus Availabilityô section).   

 

The mapping discrepancies observed at the Lewis Creek site could be considered less severe than 

those at Rugg Brook. The soil survey mapped the site as Winooski (alluvial sandy loam) along 

most of the stream, with Limerick (alluvial) and Raynham (lacustrine) occupying the lower lying 

areas (Griggs, 1971). After remapping, the majority of the stream bank areas were mapped as 

Middlebury (alluvial sandy loam), while the lower lying areas were mapped as the poorly 

drained Rippowam (alluvial silt loam). Additionally, the area mapped as Limerick (alluvial) was 

remapped as Raynham and Belgrade (glaciolacustrine), which again constitutes a change in 

parent material designation from the original soil survey (Fig. 3).     

 

The soil survey for Addison county was conducted from 1941-1964 (published in 1971), and 

Franklin from 1968-1975.  The NRCS had fewer soil series established at that time, and there are 

now additional soil series that more closely match the actual soil characteristics.  It is important 

to note that the soil survey delineations were not meant to be interpreted outside the scale that 

they were prepared (e.g., 1:20000). In general, the minimum map unit delineation area is about 3 

acres when mapping at the 1:20000 scale. Thus, a certain degree of error was expected because 

the field characterization we did permitted map units to be delineated at a greater resolution than 



the original survey. The practical significance of the mapping discrepancies we observed at the 

two sites will vary depending on the objective of the end-user.  It is difficult to place the 

mapping discrepancies into context, since no other studies in Vermont have compared 1:20000 

mapping to higher intensity delineations.   

Map Unit Delineations in the Riparian Corridors   

Additional soil sampling and map unit verification took place during the summer of 2007. 

Approximately twenty map units were sampled between the two corridors. Soil pit excavation,   

sampling, and profile descriptions were done according to USDA-NRCS guidelines for 

submitting samples to the National Soil Survey Laboratory. After the National Laboratory has 

completed all analyses, NRCS will be able to determine how well the taxonomy of the mapped 

series (e.g., the soil survey map unit delineations) matches the taxonomy of pedon samples taken 

within the corridors.  This information will enable a more broad-scale evaluation of how well the 

current soil survey mapping is within the corridors.  To date, we have only received preliminary 

data for a few of the map units, and therefore, few conclusions are possible.  These data include 

detailed chemical and physical properties (Table 1, Appendix) and measures of total and 

available P forms (we anticipate the arrival of the full data set over the next several months). 

Caroline Alves of the USDA-NRCS will be compiling data from the National Laboratory, and 

the data will eventually be available on-line and to the public.   

Based on our field work and profile descriptions, it was apparent that the agreement between the 

soil survey descriptions and our samples was inconsistent.  In some areas, map unit properties 

appeared to match the survey descriptions well, whereas other locations were clearly off by at 

least drainage class, and possibly texture and/or parent material designation. Due to the high 

variability of the soils and the length of time required to sample and describe each pedon, 

intensive sampling along individual stream reaches was not possible. Therefore, data generated 

from this effort will not be sufficient to remap extensive riparian areas at a higher resolution.  

Soil Phosphorus Availability among Map Units  

Plant available P (hereafter referred to as óavailable Pô) concentrations were generally low (Table 

1) relative to the University of Vermont field crop guidelines for P. Most of the available P 

concentrations were in the low to medium range (0.5 to 3.5 mg kg
-1
), with some in the optimum 

and high range (4.1 to 7.0 and 7.1 to 20 mg kg
-1
, respectively). Total P concentrations were much 

more variable than available P (Table 1). Significant univariate effects were observed for 

available P when all depths were grouped by series (p<.0001) and drainage (p =.0007), but were 

only weakly related to parent material (p =.06) and unrelated with depth (p = .36). In contrast, all 

of these factors had a significant (pÒ.0001) effect on total P concentration, suggesting that total P 

variation is tied more strongly to the landscape than available P. Total P varied significantly 

among depths within most series (Table 2). In general, total P levels were greater in Ap horizons, 

but total P levels were higher at the lower depths for the Covington and Belgrade. 

Interestingly, mean available P levels within map units did not tend to change substantially with 

depth (Fig. 4). There was only one soil (Belgrade) where the hypothesis of equivalent available P 

levels with depth was rejected (p =.06).  The more imperfectly drained soils tended to have 

greater mean available and total P concentrations (Table 2, Fig. 4).  The Raynham and 

Rippowam had significantly greater available and total P compared to all other soils. This could 



be related to the fact that the more poorly drained soils had a greater proportion of silt and clay, 

which contributes to greater exchange capacities and thus the ability to adsorb metals and P 

compared to coarser textured soils. In a subset of soils from both sites, silt content was linearly 

correlated with total P, suggesting the importance of textural variation on total P levels (Fig. 5).     

Available P was significantly correlated (r = 0.40, p<.0001) with total P concentrations across all 

depths. The strength of this correlation generally increased when soils were grouped by series 

and/or depth. Besides the notable correlation with total P, available P showed weak correlations 

with other minerals. Total P was significantly correlated with total Ca (r = 0.58, p<.0001), total 

Fe (r = 0.40, p<.0001), and total Mn (r = 0.44, p<.0001) across the data set.   

Stepwise multiple linear regression revealed that available P, total Ca, and pH jointly explained 

about 60% of the total P variation. This suggests that soil Ca levels and labile inorganic P could 

be influencing the total soil P contents of riparian soils. With the exception of three outliers, 

there was a good relationship between observed and predicted total P values (Fig. 6). Two of the 

three outlier samples were from the same soil profile and had high total Ca (5700 and 6850 mg 

kg
-1
) and very low total P (355 and 418 mg kg

-1
) relative to the average. The third outlier had 

very low total Ca (723 mg kg
-1
) and very high total P (1070 mg kg

-1
).  

Stepwise regression was also conducted after grouping by sampling depth and series. Total Ca 

remained a significant predictor of total P for the 0-15, 15-30, and 30-45 cm depth intervals. 

Total Fe was selected as the only significant predictor of total P for the 45-60 and 75-90 

sampling depths, and the 60-75 and 90-105 cm depths found no significant variables (at p>.001).  

Grouping soils by series also revealed the importance of total Ca in soils, but other variables 

were also selected by the stepwise procedure. For example, organic matter alone explained 58% 

of the total P variation for the Raynham samples, whereas total K and organic matter jointly 

explained 76% of total P variation for the Winooski samples. These results suggest that other 

minerals and organic matter are also associated with total P variation. However, the consistently 

strong relationship between total P and Ca suggests that Ca minerals or compounds (e.g., apatite 

or other Ca-P associations) could be an important source of P (the use of direct analytical 

methods such as x-ray spectroscopy and diffraction are needed to test this). 

Relationships among Extractable Phosphorus Forms 

A subset of representative profile samples from each site were selected for further analysis to 

provide a range of soil properties, and included some samples from adjacent cropland.  Both total 

and fluoride-extractable P (designed to remove occluded Fe- and Al-P) were poor predictors of 

water soluble P concentrations. In contrast, available P was a good predictor of water-soluble P 

(Fig. 7).  Since available P represents a pool of readily labile P, its significant relationship with 

water-soluble P is not surprising.  The Vermont soil test P (ammonium acetate) has been shown 

to relate well with other environmental P tests. Magdoff et al. (1999) showed high correlations 

among the VT soil test P, distilled water and calcium chloride extractable P, and P extracted by 

the iron oxide impregnated paper strip method. In addition, many studies across the country have 

shown good relationships between soil test P and water-soluble P. Results suggest that the VT 

soil test P could be used as part of an index of to estimate a siteôs potential to release P to runoff 

and stream waters.   



Phosphorus Solubility in Laboratory Microcosms   

A subset of 14 soils (Ap horizons) was collected from the sites and used in laboratory microcosm 

experiments that simulate flooded soil conditions (Table 3). The magnitude of soluble 

molybdate-reactive P release to porewater varied among soils (Fig 8). Molybdate reactive P is 

generally considered to be mainly orthophosphate, thus this P represents the most óbiologicallyô 

available P form. Some soils showed little release of P, whereas others showed large increases in 

reactive P over the 75-day inundation period (Fig. 8). The release of soluble Fe to porewaters is a 

good indicator of redox status, and increased markedly in most of the soils. Though soil 

porewater and flood water P concentrations were highly correlated across the microcosms, few 

increases in floodwater P were observed for individual soils. Since the flood water remained 

oxidized, this suggests that oxidized Fe at the aerobic/anaerobic interface may have prevented P 

release to the overlying floodwater. Young and Ross (2001) showed that the VT soil test P was 

highly correlated with the average porewater P concentration in flooded agricultural and riparian 

soil microcosms from northern NY. We found a tendency for significantly greater P release with 

increasing available P, but this relationship is difficult to generalize without including additional 

soils testing medium to high in P (Fig. 9). Porewater P at the initial stages of flooding appeared 

to be better related to available P relative to later stages of inundation. Since the VT available P 

test is designed to remove labile P, it may not be suitable for predicting P release from the 

reductive dissolution of Fe-P compounds during inundation.  

Water-Soluble Organic Phosphorus 

The soils used in the microcosm experiment were extracted with water and assayed for total 

soluble organic P and P hydrolyzed by phosphatase enzymes (Fig. 10). Interestingly, soluble 

organic P was the dominant (74%) form of P extracted from these soils and suggests the 

importance of organic P cycling and its potential mobilization. Alkaline phosphomonoesterase 

hydrolyzes readily labile P monoesters (e.g., sugar phosphates). The addition of 

phosphodiesterase hydrolyzes diesters (e.g., nucleic acids and phospholipids) to inorganic P. 

Across the soils, 17% of the organic P was hydrolyzed to phosphate by the alkaline 

phosphomonoesterase, and another 31% was hydrolyzed by the addition of phosphodiesterase. 

Thus, nearly half of the water soluble organic P could be hydrolyzed to inorganic P. Caution is 

needed, however, when interpreting these data. These results cannot be extrapolated directly to 

the field, but do suggest that a large fraction of the water soluble P could be transformed to 

inorganic P by naturally occurring phosphatase enzymes under certain conditions.  Turner et al. 

(2002) found that 6 to 63% of water soluble organic P was hydrolyzed by these two enzymes in 

grassland soils from the UK. The prevalence of orthophosphate diesters has plant nutrition and 

water quality implications, because evidence suggests that diesters tend to be weakly held by 

soils and can be hydrolyzed by blue-green algae (Whitton et al., 1991).  

Stream and Soil Water Phosphorus Concentrations  

Molybdate reactive P concentrations in soil water and stream water were generally low. There 

were only three complete data sets for the lysimeters because of the variability associated with in 

situ soil water sampling (Figure 11).  The highest concentration (~0.3 mg L
-1
) was observed for 

lysimeter LC 10. This location had the highest available P of all the map units sampled 

(Raynham), and the greatest TP concentration (1360 mg kg
-1
 at the 15-30 cm depth). There was 

no significant correlation between available P and the average soil water P concentration. This 



has been found by other studies, and is probably related to the limited range of P values in this 

data set.  Although these concentrations are generally low, they are in the range of dissolved P 

concentrations that have been associated with the eutrophication of surface water (e.g., 0.01 to 

0.03 mg P L
-1
).     

Phosphorus Availability of Stream Sediments  

The average total and available P concentrations (507 and 1.5 mg kg
-1
, respectfully) of the 

stream sediments were slightly lower than the grand mean of all the soil samples (552 and 1.7 

mg kg
-1
, respectfully).  In terms of plant availability and potential solubility, these are low 

values. However, the flooding experiments showed that soils relatively low in P status may still 

release P under reducing conditions. Surprisingly, there was no relationship between total P 

concentrations and particle size.  McDowell et al. (2002) sampled river sediments at 41 locations 

along the Winooski River and reported a similar average for total P. In addition, they also found 

that finer textured sediment in reservoirs and impoundments contained greater average total P 

(803 mg kg
-1
 and 731 mg kg

-1
, respectively) compared to the river sediments (462 mg kg

-1
).  

With respect to our stream sediment samples, total P was not explained well by any of the 

chemical or physical properties measured.     

Variability in either total or available P concentrations was not explained by sediment sample 

proximity to an inferred active erosional environment (channel thalweg, eroding bank) versus an 

inferred net depositional environment (point bar, floodplain) (Table 2, Fig. 2, Appendix).  

Samples collected at or below the water surface on the sample date had slightly higher average 

concentrations of total P and available P (536 and 1.44 mg kg
-1
, respectively) than the remaining 

samples from above the water surface (495 and 1.30 mg kg
-1
, respectively).  More 

comprehensive trend analysis for stream sediment samples will be possible with a larger sample 

set from channels flowing through multiple soil units, at various hydrologic stages.   

 

Conclusions 

The results of this research highlight the critical importance of soil map unit properties on total, 

available, and potentially mobile P in riparian zones. Total, available, and water-soluble P 

concentrations varied significantly among map units.  Since the mapping unit is the basis for 

differentiating and mapping soils, it appears that the use of soil-landscape factors such as parent 

material/texture, mineralogy, drainage, and organic matter content can also be used to constrain 

estimates of total P contents in floodplain and riparian settings. Though the relationship between 

soil properties and available P was less clear, total and available P concentrations were 

significantly correlated, suggesting that total P may be useful as part of an overall index of 

potential P mobility.   

Results from the National Soil Survey Laboratory for the pedon samples taken throughout the 

two riparian corridors will further clarify the nature of the relationship between map units and P 

levels.  It will also allow us to further assess the agreement between the mapped and actual soil 

properties.  Developing soil map unit-specific estimates for P, along with better tools to account 

for the physics of P transport, will benefit scientists and managers prioritizing P management 

practices in the Lake Champlain Basin.   
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Table 1. 

                  

Variable n Mean SD Minimum Maximum 

Total P 295 552 208 109 1360 

Total Al 295 12126 3762 4490 23800 

Total Fe 295 19393 4425 10200 36000 

Total Mn 294 365 181 87 1040 

Total Ca 295 2528 1000 484 6850 

Total K 295 1536 684 429 4500 

Total Mg 295 4250 1145 2050 8610 

Available P 297 1.7 1.4 0.3 9.2 

pH 297 6.1 0.7 4.9 7.6 

Organic matter 297 2.0 1.5 0.2 9.5 

Available Al 297 48.9 44.5 5.0 296.0 

Available Fe 297 12.9 19.4 1.4 185.9 

Available Mn 297 5.4 8.4 0.0 69.8 

Available Ca 297 772.4 509.6 49.0 2169.0 

Available K 297 32.8 26.1 10.9 314.1 

Available Mg 297 106.8 74.2 8.0 331.9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 2.   

       
Depth Total P SEMÿ Total P SEM Total P SEM 
              

  Belgrade n = 4 Binghamville n = 4 Covington n = 4 

 

--------------------------------------(mg kg-1)-----------------------------------------
-- 

0ï15 437 abÿÿ 91 687 a 68 531 a 99 

15ï30 305 a 51 589 ab 38 390 ab 80 

30ï45 283 a 63 536 ab 44 292 b 40 

45ï60 509 ab 201 548 ab 79 227 b 40 

60ï75 519 ab 42 504 ab 95 413 ab 139 

75ï90 559 ab 18 499 ab 78 596 a 128 

90ï105 601 b 53 482 b 55 631 a 109 

              

  Limerick n = 5 Middlebury n = 5 Raynham n = 6 

0ï15 787 a 140 646 a 48 925 a 104 

15ï30 695 ab 141 569 ab 29 810 ab 136 

30ï45 570 ab 144 498 b 34 666 b 65 

45ï60 476 b 69 536 b 33 636 b 52 

60ï75 500 ab 50 560 ab 25 645 b 39 

75ï90 480 ab 44 564 ab 35 673 b 42 

90ï105 488 b 32 543 ab 47 648 b  47 

              

  Rippowam n = 5 Wappinger n = 2 Winooski n = 5 

0ï15 839 a 33 540 19 656 a 50 

15ï30 829 ab 108 474 42 585 ab 59 

30ï45 750 ab 81 426 75 469 b 44 

45ï60 732 ab 59 461 155 455 b 83 

60ï75 674 ab 56 444 97 460 b 96 

75ï90 561 b 78 436 27 465 b 58 

90ï105 598 b 69 424 3 455 b 52 

         Windsor n = 2         

0ï15 302 a 7 
    15ï30 241 b 28 
    30ï45 219 b 26 
    45ï60 267 ab 9 
    60ï75 197 b 20 
    75ï90 201 b 8 
    90ï105 216 b 17         

ÿÿ Standard error of the mean 

ÿ means followed by different letters within a series are significantly (p<0.05) different  



Table 3.   

          Organic   Available Total Total Total Total Total Total 

Site Location 
 
Sand  Silt 

 
Clay matter pH P P Al Fe Mn Ca Mg 

  

 ------------------%-----------------  

 

  -----------------------------------mg kg
-1

----------------------------------- 

Lewis Creek 
x-section 1  
(XS1), LB1 89.5 9.0 1.5 0.20 5.58 0.71 506 10200 15600 196 2150 4220 

Lewis Creek XS1, LB3 58.0 39.0 3.0 1.70 6.43 1.69 310 4360 10300 129 1420 2060 

Lewis Creek XS1, LB4 51.0 43.5 5.5 2.80 6.08 1.55 630 8460 17000 346 2940 3540 

Lewis Creek XS1, REW-bottom 65.0 32.5 2.5 2.30 4.80 1.38 654 9290 18100 391 3040 3800 

Lewis Creek XS1, CS1, left bank 69.5 26.5 4.0 1.20 6.27 1.25 577 7840 15100 260 2700 3300 

Lewis Creek 

XS1, RB, REW, 

middle 66.0 31.5 2.5 1.20 5.73 1.62 391 6060 13500 239 1870 2750 

Lewis Creek XS1, LFP, by pin 70.0 27.0 3.0 2.40 5.53 1.75 495 5920 11600 129 2010 2530 

Lewis Creek XS1, thalwag 8.0 32.0 60.0 0.20 7.29 2.12 602 7870 16600 318 2510 3390 

Lewis Creek XS2, LFC 55.0 39.5 5.5 2.50 6.36 1.75 544 6700 13800 252 2350 2850 

Lewis Creek XS2, LB2 83.0 15.0 2.0 0.80 6.32 1.17 673 9190 18300 395 3080 3750 

Lewis Creek XS2, LB3 70.0 27.0 3.0 1.20 6.35 1.39 430 5540 12000 207 2010 2490 

Lewis Creek 
XS2, REW, rear 
water level 70.0 26.5 3.5 1.50 6.00 1.62 575 6600 14000 249 2370 2790 

Lewis Creek 

XS2, RB, REW 

middle 60.0 36.0 4.0 1.20 6.08 0.82 544 6860 14200 253 2380 2950 

Lewis Creek XS2, L_FP, near pin 58.5 37.5 4.0 1.90 5.01 1.08 647 6190 13700 261 2300 2760 

Lewis Creek XS2, thalwag 1.0 29.0 70.0 0.20 7.20 1.68 571 18400 28800 457 5950 11100 

Lewis Creek XS3, LB1 100.0 0.0 0.0 0.20 6.43 1.10 610 6850 15100 292 1860 3010 

Lewis Creek XS3, LB2 89.0 11.0 0.0 0.20 5.89 0.98 196 3950 9740 153 921 1880 

Lewis Creek XS3, bottom of bank 72.6 23.4 4.0 2.00 6.09 1.47 284 4520 11200 197 1180 2350 

Lewis Creek XS3, LFP 74.0 21.7 4.3 1.60 5.70 1.29 478 6890 14000 230 2180 3120 

Lewis Creek XS3, mid-bank 61.5 35.0 3.5 0.70 5.01 0.63 525 6500 13600 243 2130 2800 

Lewis Creek 

XS3, RB, REW, top 

right water edge 58.5 37.0 4.5 2.20 5.16 0.92 531 8110 17200 305 1970 3350 

Lewis Creek XS3, thalwag 70.5 11.0 18.5 1.30 4.68 1.98 487 6320 13900 175 1860 2880 

Rugg Brook 
Point bar sediment 0 
-3 in ND ND ND 1.30 7.25 2.31 458 7490 13200 277 6500 4230 

Rugg Brook Point bar 0-3 in ND ND ND 3.80 7.27 2.96 648 9450 16900 595 8480 4900 

Rugg Brook Point bar 3-6 in ND ND ND 0.60 7.19 1.93 319 5750 11200 238 3550 3040 

 

ÿ not determined 
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Figure 2 
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Figure 4 

 
 

  


