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Abstracr;  Soil charagerstics of a wide variety of created wetlands were compared to those of native
wetlands in phosphate-mdned areas from central and nofh Flodda, USA, Criterda selacted For evaluation of
soil samples from 184 sites included soil compaction, bulk density, organic matter (carbon) and nitrogen
gontent, C:N ratio, and available and rota)l nutdent contents, Organic matter aecumulation, one of the indi-
cators of a functional wetland, increased across transects going from uplands oward the center of the
wetlands, and with welland age. The organic matter accumulation rate in the AC and A ) horizons was 320
g m® yr~'. Native wetlands had significantly greater organic matter accumulation, both in the litter and mineral
eoil curface. The C'N ratio of the soil organic matter decreased with created wetland age and approached
values commonly found in wetland soils (15-25) Bulk density decreased with increasing organic ruatfer
content in the created wetlands, and low bulk deneity soils appeared 10 support betler vegetative prowth.
Based on the above-mentioned parameters, reclaimed wetlands are slowly developing into “iypical’’ wei-
lands; the rate of development could possibly be increased by minimizing soil compaction, incorporation of

——

organic matter, or by fernlization.
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INTRODUCTION

State laws passed in 1975 (Chapter 211, Florida
Statutes) and 1978 (Chapter 378, Florida Statutes), re-
quire the Florida phosphate industry to replace mined
native wetlands with wetlands of a similar nature, Tt
seemns that there is some reservation by agencies “‘to

approve impacts to any wedand type, espeaally for-,

ested wetland systems until restoration technigues
have confirmed that the wetland type 10 be impacted
can be recreated” (Gaines et al. 2000). :

Soils of created wetlands provide the substrate for
aguatic flora and fauna to establish themselves and o
flourish in a manner similar to natural wetlands and
thus restore ecosystem integrity. Unlike wetlands cre-
ated on “‘mormal™’ landscapes, the mining process
causes severe changes in the landscape, particularly
soils, and ground- and surface-water hydrology. There.
fore, information on soils of created wetlands is ess
sential in order to re-establish native vegetation after
phosphate mining. Some of the substrates used in con-
structing a wetland in phosphate-mined areas include
overburden, sand tailings, andfor clay that provide
both mechanical support and growth media for plants.
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Eighty-three of 156 created wetlands on phosphate-
mined lands, recently surveyed by a group of scien-
tists, were created on graded overburden, while 38
sites were created on a mixtore of overburden and sand
tailings (Ervin et al. 1997, Wetlands created on sand
tailings alone constituted eight sites, while four of the
created sites used sand/clay as the substrate. Construc-
tion information on the remaining 12 wetlands in the
survey was not available. They also found some in-
formation on created weilands monitoring of vegeta-
tion {33 sites), water quality (20 sites), macroinverti-
brates (15 sites), wildlife (12 sites), and hydrology (10
sites). Only four sites had some soils monitoring.

Characieristics of soils of created wetlands can in-
fluence the levels of available resources, which, in
turn, will affect the composition and diversity of
above-ground vegetation and soil microflora and fauna
{Chambers et al. 1994). Wetland construction invalves
arranging water regimes with an appropriate hydro-
period, followed by seeding or plamting seedlings
(Odum et al. 1998) Lack of information on soils of
created weotlands led us to evaluate the overall pro-
gression of a wide variety of created wetlands toward
the properties of native wetlands in phosphate-mined
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Figure 1. Location of mining sites in north and central Florida, For this study, 26 soil samples were collected from the north

Florida sites and 151 soil samples from the central Florida sites.

areas in central and north Florida, The objectives of
this sady were i) to conduct a synoptic survey of sails
in selected phosphate-reclajmed wetlands and ii) to de-
termine successional changes in physico-chemical pa-
rameters of soils in created wetlands.

METHODS
Field Sampling

Field sampling was conducted at several central
Florida, USA sites in February 1994 (Figure 1) To
establish the soils-related criteria for successful pro-
gression of created wetlands, the following scenanos
were included in the synoptic sampling: 1) soil samples
were taken along hydrologic gradients (upland to wet-
land), ii) samples were also taken from within a wet-
land site that showed substantial differences in plant
growth and survival, i) soil samples were taken from
adjacent created and native wetlands of the same wet-
land type (wooded swamps), and iv) samples were tak-
en fromm selecled wetlands of different constroction
ages. Intact soil cores (ranging from 20- 1o 30-em
depth) were taken from these selected wetlands. Each
cote was sectioned into (i) AQ (=10 cm depth) =
organic/mineral laver with significant root mass, (i)
Al = an intermediate orgame/mineral layer with “‘hu-
mus-type”” material below AQ, (i) B = an illuvial
laver (when present), and (iv) © = the remaining sub-
soil. Organic litter asccomulation was designated as
"7 horizon material. The depth of the topsoil was
visually determined based on low color value and
chroma. There were a total of 151 soil samples, Details

of all soil samples including location of soil sampling,
layer designations, wvisnal description, and depth of
each layer are provided in Graetz et al. (1997). Soil
samples were also collected from sites in north Florida
in June 1994 (Figure 1), For north Flonda sites, sam-
ples were collected from only two horizons: (i) surface
organic and (i) subsurface horizons. Since the organic
laver was often small, composite samples were col-
lected to ensure sufficient amounts of soil for labora-
tory analyses. Total number of soil samples collected
was 26: their derailed description can be found in
Graetz et al. {1997}, The samples were placed in plas-
tic bags, placed in a cooler, and brought to the labo-
ratory for analyses, Sous from the north Flonda sites
were used primarily for soil compaction studies. Since
information on comparison of created and native wet-
lands was lacking in the literature, we ook advantage
of our collected soils to obtain some basic comparison
between soils of created and adjacently located nadve
wetlands,

Soil Analyses

The twtal weight and volume of each soil sample
was recorded for bulk density calculations. Subsam-
ples from each of the soil samples were oven dried at
105°C for a minimum of 24 hours for moisture content
deterrmnation, The bulk density for all the soil samples
was then caleulated based on the dry (oven-dried,
105°C) weight. The bulk samples were then air-dried,
ground, passed through a 2-mm sieve, and analyzed
for pH, total C and W, and available and total nutrients.
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Soil samples were equilibrated with deionized water
(1:2 soil'water) for one week (to simulate conditions
in the wetland), and pH of the samples was deter-
mined. Total € and N was measured using a Carlo
Erba CNS Analyzer (Carlo Erba, Milan, laly).

Available P, K, Ca, Mg, Zn, Mn, Cu, und Fe were
extracted using the Mehlich 3 procedure (Mehlich
19%4), The extracting solution was ammonivm nitrate
in an ammonium fluoride/EDTA mixture and the re-
sulting mixture was acidified with an acetic acid/nitric
acid solution 1o maintain a pH of 2.5. The elements
were analyzed using an nductively coupled argon
plasma (ICAP) emission Specirometer.

Cation exchange capacity was determined on sur-
face soils for the north Florida sites. The cation ex-
change sites of the soil were saturatzd with MNa by
equilibrating a subsample with 0.4 M NaDAc-0.1 M
NaCl solution (pH 8.2) in 60% ethanol. The Nu-satu-
rated soil was then extracted with 0.5 M MgNQ, «0-
Jution {Rhoades 1982} to determing total exchangeable
Na Total Na in the extrugt, which represents cation
exchange capacity of the soil, was analyzed using an
atomic absorption spectrophotometer. Chlorde in the
extract was determined using a chloridometer for cor-
rection (Rhoads 1982),

Soil compaction was assessed for all north Florida
sites in the field using a recording penetrometEr {DEL-
MI Machine and Instrument Co.. 123 Shafter Ave.,
Schafier, CA 93263) with 4 penetrating point consist-
ing of a 30-degres circular cone and a base aréa of
1.29 em® (Vazquez et al. 1989).

RESULTS AND DISCUSSION

Organic Matrer Accumulation and Nutrient Status of
Soils

Organic matter is essential for improving struciure
and putrient status of the soil. Based on the data ob-
tained from all wetland sites sampled (herbaceous
marshes or wooded swamps), bulk density of the soils
decreased Jogarithmcally with increasing towal C (Fig-
ure 2). Based on analyses of theldl samples sollected
from the central Florida sites, total C geported in our
current, data had >95% organic €. Organic matter may
be computed from organic C data using 8 multiplica-
tion factor of 1.724, based on the assumption that or-
ganic C constitutes 580 organic mater (Nelson and
sommers 1982). Figure 2 shows that soils with =2.5%
(25 g kg~') total C were mort compact (bulk densitied
=1.25 g cm™) than soils with =2.5% total C. Bulk
densities of these soils arc generally greater than thase
expected from mineral soils due to the great deal of
compaction in the goilg from the operation of heavy
machinery durning mining operations, Further, some of
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Figure 2. Relationship between wtal € and bulk density
for all central Flarda aites sampled.

these soils inciuded rock-type material brought o the
surfuce during the mining process.

The funclion of orpanic matter in improving soil
aitrogen stafus is evident from the linear relationship
berween oral C and N for all the central Florida sites
sampled (Total N =—{.027 + D055 [Towal ClL e =
092, n = 151} Results suggest that increases in total
¢ can potentially increase the amount of N available
o plants. This ohsepvation is of particular importance
in productive wetlands. Both C and N progressively
increased on swrface soils from upland 10 werland
along an upland-wetland transect {Table 1). Available
autrients such as Fe, Cu, Zn, K, Ca, and Mg in surface
soil (A horizons) also increased along the same tran-
sect, Available P, as determined by Mehlich 3 extrac-
tions, ranged from about 350 w 450 mg P kg ' in
surface soils and from 370 to 1020 mg P kg at lower
depths, showing considerable variation alomg the wan-
el Subsurface soils did not show anY particular trend
across the upland-to-wetland transect for total € and
N nor for the available nutrients.

Organic Matier Accurnulation Across an Upland-to-
Wetland Transecl

Accumulation of organic mafer is an indication of
a fupctional wetland (Ervin et al. 1997). An illusiration
of prganic matier aecumalalion across a ranssct from
an upland to a wetland arta is given in Figure 3. Data
presented in Figure 3 represent 13 years of net organic
maiter accumularion calculated from bulk density mea-
surements and depth of the AD and Al layers. MNet
sccumulation at a given location along the hydrologic
gradient was calculated by subtracting the carbon ac-
cumpulation at that location from the carbon comtent in
the upland soil. It was assumed that no net organic
matter accumulation ocourred in the upland area dur-
ing the previous thifteen Yemrs, Accumulation rate of
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Table 1. Concentration of total C and N and Mehlich 3 available nutrients across a transect from upland to wetland at & central Florida

Hite
Ohrgamic
pa Total N F Ca Mg K Zn Cu Mn Fe
Transect B kg E kg g kg~
Surfacet
Upland 12 04 71 1080 230 12 1.1 <1 32 176
Intermediate Watland 1 19 1.0 473 1519 365 [ 1.2 (.1 13.4 87
Intermediate Wetland 2 T2 4.1 343 1954 U HE 1.6 0.4 47 353
Wet|and a7 199 466 21R53 1454 8 14 0.8 i3 514
Subsurfacet
Upland 4 0.1 1020 2320 27 <01 1.4 =1 0.9 2249
Intermediate Wetland 1 2 =01 an 3360 1670 =01 1.0 =1 2.5 £l
Intermechare Wetland 2 2 01 i 1330 131 =01 1.0 <01 0.8 214
Werland 2 0.1 629 1350 249 <01 0.8 =11 0.8 263

T Surface and subsurface samples ot exch site (upland, inermediate wetland |, Inermediate wetlind 2, and weiland) were composite samples from foar
locations within the site,

organic C (AQ and Al layers) was 320 g m™ yr".
This ralz is comparable to that of the marshes (200-
300 g Cm * yr ") in Louisisna (Hatton 1982) and the
Water Conservation Arcas of the Everglades (86 w
387 g C m~? yr =, Reddy ot sl 1993

Created s Mative Wetlands

Central Filorida Sites.  Soil cores from a 135-year-old
created wetland and an adjacent native wetland (wood-
ed swamps) were smudied (o compare the chemical
characteristics of soils in created vs native wetlands
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Figure 3. Organic carbon accumulation across an upland-
to-wetland transect in central Florids, Note: Samples at each
site (upland, intermediate wetland |, intermediate wetland 2,
and wetland) were composite samples from four locations
within the wite.

The created wetland was more acidic than the adjacent
native wetland (Table 2). However, the pH of many
of the created wetland soils in this suirvey was neutral
(pH 6.0-7.4) to shghtly alkahine (pH 7.5-8.0). Native
wetland soils might be acidic or basic depending on
location and other environmental conditions. Acidic
pH may be atributed to rain-fed runoff and organic
acid production during the decompeosition of organic
matter within the wetland, while pH of many alluvial
wetlands could be near neutral due to flpoding by river
water with high Ca content.

Bulk density was greater at all horizons for the cre-
ated wetland compared to the native wetland. Total C
content for the nadve wetland was about four times
greater than that of the 15- vear-old created wetland
{Table 2). The native wetland had at least two times
more total N than the created wetland. The wo wet-
lands were found to have similar concentrations of
available nutrients, although occasionally some of the
values were marginally higheér in the surface soils of
the nanve wetland. MNutrient stability and equilibrium
is apparent in the native wetland, based on C:N ratio.
The created wetland soil maintained a C:N ratio be-
tween 20 and 23, indicating a well- balanced system
with respect to mineralization and immobilization pro-
cesses (Williams et al. 1968). The subsurface of the
created wetland had a C:N ratio of 20 (Table 29, sug-
gesting a developing horizon approaching that of the
native wetland condition. The surface soil (A0 and A1
layers) of the recreated wetland had narrow ©:N ratios
{about 15), which may favor N mineralization and,
hence, nutrient availability. Some caution, however,
must be exercised in using C:N ratio as one of the
characteristic equilibrivm values for soils, The C:N ra-
tio, for example is less meaningful in wedands where
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Table 2, Physical and chermicnl characicristicst for cesated gad et

ve wetlands et & central Florida site

Qzganic
BDt C Total N F Ca Mg K Zn Cu Min Fe
Wetland pH gom™ gkp™ ghg Mehlich 3 nutrients, mg kg™’
Surface (A0 and A1)
Created (Al) 594 0,70 56 4 239 0 847 243 11.5
red . 1.2 174 236
Mative (A0 605 .40 193 4 213 5060 TE7 146 211 1.7 182 475
(ALY 630 0.90 0 2 443 3320 46l T0 126 1.6 8.3 338
Subgurface
Created 594 L0 ) <1 560 2380 434 65 23 0.4 7.4
; . : . 583
Mative 6.17 1.0 41 2 #a5 2700 341 an a7 03 7.4 GRS

+ Each sample {surface AQ and Al and subsarface) of the created and native watland was & composite sample from four Kdations

f Bulk Denaity

substrates or soils have extremely low N (=0.01% to-
ral N and rotal C. The Carlo Erba CNS Analyzer has
a measuring range of 0.01 w 1005 (N}, with a 10%
deviation from accuracy at 0.01% goncentration (Carlo
Erba Instruction Manual). The use of C:N ratio in eval-
wating progression of created werlands requires due
consideration of other indicators and parameters such
a5 Organic MAarer content and accumulation, woil de-
velopment, and established vegetation. While soil

rties have not been waditonally used as a mea-
gure of wetland TEsLOration SUCCEss. Whited &t al.
(1999) recently suggested that, in addition to return of
hydrology, plant communities, and wildlife usc, some
soil properties could be used as criteria for assessing
wetland resloraton SUccess.

North Florida Sites.  Statistical comparison of surface
soils of created and natnve wetlands (wooded swamps)
i the north Florida region indicates that the total C.
wotal M, and CEC of created wetlands were lower than
those in an adjacent native wetland (Table 3). Mean
values of total C for the native wetland were approx-
inately 30 times the mean value of towl C for creatad
wetlands, while mean CEC values for the native wet-
tands were about 15 times those for the created wel-
lands. Since elevated values in these paramelers ars
indicators of wetland progression, it appedars that these
one- and three-year-old created wetlands have not as

yet made significant progre ssion toward becoming
Functional wetlands. However, C:N ratios for the cre-
ated and native wetlands appear o be simular.
[isturbances to the native soil have resulted in high-
er pH {>5.80) in the soils of created wetlands ¢om-
pared to those of the native wetlands (pH <4.20). In-
creases in pH of creaed wetlands may be atributed to
increases in available Ca (Table 4). Some increaics in
available P were also pated in the created wetlands,
although statistically, the native wetlands and the cre-
ated wetlands had comparable K. Zn, Cu, Mn, and Fe.
RArawn and Tighe (1991) found that organic matter and
available nutrients (Ca, Mg, Zn, Cu, and Na) for some
created wetland sites varied widely among plant com-
munities and wetland areas. They also reported that
created wetlands have higher F. Ca, Fe. and Mn con-
centrations in soil than the native wetland communi-
ties, Some of their resulis differed from the statistical
lnformation oblgined at the porth Florida sies,

Effect of Age on Wetland Soil Characteristics

Five wetlands of different ages (1, 2, 4, 10, and 16
years) with the same general hackground (i.e., over-
burden matrix without mucking {without application
of muck or organic wetland soily in central Florida)
were selected (Table 5) to eviluate changes in soil

Table 3. Compavison of pH. total C and N, TN matio, @d cation exchange capacity (CEC) in surface soils of two crested werlands

with a native wetland soil in morih Flarida.

-

Wetland Type pH
Native wetiand -i-].'i bf
Creaed wetland {ona-year-old) 587 a

yeated wetland {three-year-o1d) 584 a

e
T Giatistieal analyscs aes by the Waller Dunian procedune. Mean values of 50

(P = 0.5k

ER  uvd
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Table 4. Comparison of available numrients in surface soils of two crested wetlands with g native wetland soil in north Florida,

P Ca Mg K Zn Cu Mn Fe

Wetland Type mg kg™ -
Mative wetland 45 bt 152b 22 a 67 & 294 =00 a 1.6 8 Toa
Created wetland (one-year-old) 153 495 a AR a Ba 0.7a =01 a 08 a 4a
Crented wetlund (three-year-ald) 172 a 554 a 89 a 2l e 0.4 n <0.1 a 1.3a 55 a

t Statigtical anaiyses are by the Waller Duncan procedurs, Mean vahies of sodl characreristics within 2 column fotlowed by the same letier are nod different

0P < 0,50

properties as a weiland becomes progressively more
established. The two older wetlands (10 and 16 years
old) had two clearly demarked orgamic surface horei-
zons, and O accupnulation was caleulated as the sum
of the two layers. Bulk density of the surface layet
generally decreased with age (Table 5). This trend was
also obeerved in the subsurface layer (data not shown),
although to a lesser extent. This decreasing bulk den-
sity reflects the increasing amount of orgamic C ac-
cumulating 1 the soil (Table 5), Organic C, which is
a measure of organic matter, increased from 3 g kg!
in 2 new wetland o nearly 200 ¢ kg~' in a 16-vear-
old wetland, Organic ¢ accumulation increased with
age of wedand (Figure 4). Shaffer and Emst (1999
found that soil organic matter was higher in natrally
occwrming wetlands than in mitigation wetlands but
found no significant relationship between soil organic
matter and wetland age.

Mirogen concentration also inereased with time but
at a faster rate than carbon concentration. This is re-
flected in the C:N ratio, which is an indication of or-
ganic matter decomposition and stabilization. Wetland
plants typically have a C:N ratio of =30, As the plant
matter decays in the soil, CO, is evolved while N is
retained. This results i a decreasing C:MN ratio and
suggests an increasing stabilizaton of the soil organic
matter. Typical C:N ratios for stabilized soil organic
tnatter are in the range of 15 w0 23, We saw a pro-
gressive decrease in C:N ratio of soil organic matter
with increasing age (Table 5). Thus, overall, we ob-

served both an increase in the amount of organic miat-
ter accoamulating and a decrease in the C:N rabio,
which indicates that the wetlands are functioning as
anticipated with regard to these parameters.

Soil Compaction in Created and Native Wetlands

Soils of created wetlands have varying degrees of
compaction depending on the substrate used for con-
struction {overburden, sand tailings, clay, and their
mixtures) andfor due o the effects of heavy machin-
ery. Soil strength and mechanical resistance, measurcd
using a penetrometer, have been related to soil bulk
density, compaction, and ropt penetration (Barley et
al. 1965, Taylor et al. 1966). Blanchar et al. (1978)
found that pea root growth in a B2 horizon (Hobson
series) in a soil containing A fragipan was greatly re-
stricted as probe resistance increased from 10 o 20
bars (or kg cm-*): the anthors reported that root growth
stopped past 20 kg cm~™®. Similar observations were
reported by Taylor et al. (1966), who found in soils
varying it texture (loamy fine sand to loam) that cot-
ton root elongation nearly ceased as probe resistance
approached 20 kg em™. Others have shown that pea
root elongation in a clay soil essentially ceased at pen-
etrometer readings =30 kg cm~? (Gerard et al. 1972).
Based on ligratuwre information, we may consider a
penetrometer reading of 20 kg cm™® a5 a crtical value
for root penetration andfor elongation in agnicultural
soils, However, weé do not know if this would be an

Table 5. Selected surface soil charecteristics for the wetlands vsed in the wetland age studies, All selected wetlands wers on overburden

matrix with no muck added,

Age Depiht Bulk Densivyf Total Ct
Site Years o froemt kgt C:N

1 East Old Fort Green Road 1 10 1.5 3 65
2 Miles Grove 2 10 16 i) 38
3 M. Hooker's Praifies Section 12 4 il 1.3 14 35
4 Tiger Bay 10 10 G 10 45

12 1.5 4
5 Parcel B 16 & 4 193 25

10 09 sl

f The two older wetlands (10~ and 1f-year-old) had two distinct organic lavers. Organic accumulation (Figure 41 wis calculated by summing the scou-

nrulpbion within the two layers.

F&GE A4
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Figure 4. Organic matler accumnlarion with wetland age
for wetlands on overburden matrix without mucking.

appropriate value for herbaceous und forested wetland
soils.

Penetrometer readings recorded at the central Flor-
ida sites are given in Figure 5. Readings for each lo-
cation within a site are means of three measurements
taken within 4 radius of two meters. Native areas and
the 3-year-old wetland had penetromeaicr readings <20
kg cm-* at depths =50 cm. The newly created wetland
was highly compacted at the 2(kcm depth, yielding a
penetrometer reading =20 kg em"? considered critical
{0 root penetration (Taylor et al. 1966, Blanchar et al.
1978). High soil strength and mechamigal Tesistance
can be found in compact soils or Substrates, oveérbur-
den materials (Bradford et al. 1571}, cemented or in-
Jurated horizons (Lutz 1952), and hardpans (Kruse-
kopf 1942, Blanchar et al. 1978}, Al the time of sam-
pling, the one-year-ald wetland had sparse vegetation
compared o the three-year-cld created wetland and the
native wetland.

CONCLUSIONS

Organic mattcr accumulation, one of the indicators
of a productive wetland, increased with wetland age
and across transects from uplands roward the center of
the wetlands. Maost created weglands showed a definite
increase In OTEAnIC Matiér content in either the litter
layer and/or the soil mineral layer with age, Extent of
organic matter accumulation in the younger wistlands
caried considerably, but nearly all showed some evi-
dence of organic matter accumulation. MNative wetlands
generaily had greater organic matter accumulation
both in the litter and mineral soil surface, This 15 to
be expected since native wetlands were in existence
for 4 very long time. pore importantly to the evalu-
ation of created wetlands, nearly all showed evidence
of organic marier accumulation, albeit at varying rates.

The C:M ratio of the s0il organic matter decreased
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Figure 5. Penetrometer readings comparing soil compac-
tion in native and created {(threc-year-old and ane-year-old)
wetlands in north Flenda.

with wetland age and approached values gommaonly
found in wetland soils (20-25). This indicates that nat
only is the amount of arganic matter increasing in the
created wetlands, but the quality of the organic matter
is moving closer to that of a pative wetland. The im-
provement in quality of prganic matter was also indi-
cated by its increased cation exchange capacity with
age.

Bulk densities of the initial substrate material after
placement in the created wetlands were often guite
high due o the lack of organic master and soil com-
paction due to the operation of heavy machinery. In-
corporation of organic amendments andfor deep tillage
subseguent to land-levehing wctivities could ameliorate
this problem. Bulk density decreased with INCTeasing
organic matier content Lo the created wetland soils.
Areas that had lower bulk density and higher organic
matter content also appeared 1o Suppor betier vege-
ative growth.

The pH of the created wetland soils Was near neutral
(pH 6.0-7.4) to shightly alkaline (pH 7.5-8.0), reflect-
ing the high pH of the initial substrate material. Many
aarive wetlands have an acidic pH due to the mput of
rain-fed runoff and organic acid production during the
decomposition of organic matler within the wetland.
The created wetland soils showed evidence that high
pH of the initial subsirate materials was decreasing,
particularly in the surface horizons and in the older
wetlands,

FPeneliometsr MEeasurements may be used as an in
sity evaluation of overall sail compaction and an in-
dication of compact layers within the soil horizon.
Measurements showed distinct differences between na-
tive and created wetlands. The real value of the pen-
ctrometer may be to evaluate the degrae of compaction
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during the wetland construction phase rather than
changes in compaction with wetland progression. Pre-
liminary soil penetrometer results suggest that pene-
trometer readings will be a useful parameter for relat-
ing compaction to vegetative growth in existing cre-
ated wetlands.

Based on this synoptic survey, the soil-related eri-
teria needed to adequately evaluate wetland perfor-
matice and soil profile development in created wet-
lands on mined lands include ‘compaction, organic
matter accwmwlation, C:N ratio, available nutrients,
and CEC. As a follow-up of this srudy, it is suggested
that a systematic evaluation of wetland progression be
done by careful selection of sites and sampling loca-
rions within sites to correlate vegetative growth and
stand establishment with compaction (penetrometer
mensurements), bulk density and organic matter con-
tent, and substrate type (overburden, sand tailings,
clay, or mixtures thereof), Vegetation mutrient concen-
trations may be cotrelated with soil parameters to es-
tablish recommendations for soil-amendments (organic
and inorganic) and on substrate composition during
wetland construction,
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