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PREFACE

This report was prepared by Antonio J. Palazzo, Research Agronomist, Earth
Sciences Branch, Research Division, U.S. Army Cold Regions Research and Engi-
neering Laboratory. This research was originally funded by the Philadelphia District
of the Corps of Engineers, with subsequent observations and revisions conducted
under CWIS 31013, Vegetation Restoration on Construction Sites in Cold Regions.
The author appreciates the technical support provided by J. Lakatosh, W. Mueller
and J. Radley of th. Philadelphia District of the Corps of Engineers and J.M.
Grzham of CRREL. The Lofts Pedigreed Seed Co. and O.M. Scotts Seed Co. sup-
plied seed for this study. The author also expresses his appreciation to C.E. Clapp,
U1.S. Liepartinen: cof Agriculture-Agricuitural Research Service; R. Hurley, Lofts
Secd Co.; C.R. Skogley, University of Rhode Island; and Barbara Gartner of
CRREL for reviewing this report.

The contuats of this report are not to be used for advertising or promotional pur-
poses. Citation of brand names does not constitute an official endorsement or ap-
proval of the use of such commercial products.
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LONG-TERM PLANT PERSISTENCE
AND RESTORATION OF ACIDIC
DREDGE SOILS WITH SEWAGE

SLUDGE AND LIME

Antonio J. Palazzo

INTRODUCTION

Information on grass growth for long-term res-
toration of acidic dredge disposal areas and other
disturbed lands is needed for developing
strategics for establishing and managing vegeta-
tion. Restoring dredge disposal areas that con-
tain pyritic soils is difficult because of their low
pH. low organic matter content and general infer-
tility (Fleming et al. 1974, Edgerton et al. 1975,
Stuckey et al. 1980). In general, pyritic soils
become highly acidic when brought in contact
with the atmosphere (Jefieries 1981). Plants usual-
ly become established casier if the pH of the soil is
raised and soil ameandments are mixad into the soil
to improve conditions for plant growth and to
allow for deep root penctration (Macl.ean and
Dekker 1976, Pinkerton and Simpson 1977,
Sorenson et ab. 1980, Stuckey and Zoeller 1980).

The use of sewage sludge to reclaim acigdic
dredge spoils may improve plamt growing con-
ditions by rapidly increasing the organic matter,
fertility and pH of the soil (Cunningham o1 al.
1973, Palazzo 1977, Sutton 1979, Stuckey e al.
1980), but it also can add potentially toxic metals.
Additions of lime will decrease the availability of
melals in acidic soils (Paiazzo and Ducll 1974,
Murray and Foy 1978, Stuckey et al. 1980), but
latge quantities of lime may be needed to reduce
the acidity of pyritic soils (Sorenson et al. 1980).
By adding lime and studge together, it may be
feasible to improve soil fertility 1o alevel at which
certain grasses can persist, thereby stabilizing the
soil.

A polential problem in applying sewage studge
containing metals to low-pH seils is toxicity to

plants. In acidic soils, metals are both more avail-
able to plants and more susceptible to leaching.
Copper, zinc and nickel appear to be the metals
most likely to become toxic to planis when sewage
sludge is applied to land (Webber 1972).

Chaney (1974) recommended that soils receiving
sewage sludge be adjusted to and maintained at
pH 6.5 or higher. Monitoring sites is important,
since the soil pH can decrcase after many applica-
tions of sewage sludge (Lunt 1959, Hinesly et al.
1971, Sutton 1979). Plants gencrally grow best in
soils with a pH near 6.5, The tolerance of various
grass specics to low-pH soils has been reported by
Spusrway (1941), Musser (1962), Beard (1973),
Palazzo and Duell (1974), and Murray and Foy
{1918).

The objectives of this long-term study were 1) to
determing whether applications of sewage sludge
and dolomitic limmestone could be useful as sail
amendments and 2) to evaluate different grasses
that may be suitable for restoring highly acidic
dredged spoils. To be suitable the grasses must be
able to survive and to stabilize soils, they must
tolerate the toxic materials that may be in the sew-
age sludge or dredged material, and they must be
able to persist with littte managemaent.

MATERIALS AND METHODS

Soll amendment plots

The dredge spoil discussed in this study was lo-
cated atong the Chesapeake and Delaware Canal
in Delaware near Chesapeake City, Maryland.
The expertmental site was on the south side of the
canal near the Summit Bridge. The spoil coasisted

P i o




Table 1. Composition of Wilm-
ington sludge applied in July

1974.

Sludge composition

(dry weight)

Element Mean Range
Total N (") 2.6
Total P (") 5.4
Total K (%) 0.28
Cr (ug/8) 9.584  5,560-12,890
Cu (ug/8) 2,172 1,290-4,654
Zn (xg/8) 3470  2,186-4,230
Pb (xg/8) 1,327 724-2,520
Ni (4g/8) 227 140-311
Co (ug/3) 15.7 9.2-20.3
Cd (ug/8) 27.3 9.2-49.4

of acidic dredged disposal material that varied
widely but was predominately a silt loam in tex-
ture. Three areas were studied: one treated with
sludge and lime (sludge treatment); one treated
with commercial fertilizer, topsoil and lime (ferti-
lizer treatment); and one that did not receive any
treatment (control).

Within the 6.6-ha sludge-treated area, sewage
sludge and dolomitic limestone were applied dur-
ing July and August 1974. Anacrobically digested
primary sludge from Wilmington, Delaware, was
initially placed on a sand filter drying bed. After
drying, the sludge contained 21.5% solids. The
sludge was trucked to the site and spread as uni-
formly as possible over the soil surface at a rate of
100 metric tons/ha on a dry weight basis. The av-
erage chemical composition of the sludge applied
in July 1974 is shown in Table 1. The highest value
for lead at Wilmington was above that noted in a
review by Page (1974), while lead, chromium, cop-
per and zinc were higher than those reported by
Peterson et al. (1973). The high concentration of
metals in the sludge indicates that industrial input
was appreciable. After the sludge was applied,
dolomitic limestone was broadcast at a rate of 23
metric tons/ha and was plowed to a depth of 20
cm.

‘The 20-ha fertilized area received applications
of 13.8 metric tons/ha of dolomitic limestone and
550 kg/ha of 0-20-20 fertilizer and was tilled to a
depth of 10 cm. We then applied 10 cm of topsoil
to the site, which was tilled to a depth of 15 cm, in-
termixing the topsoil with the existing dredge
spoil. Another 6.9 metric tons/ha of dolomitic
limestone and 1320 kg/ha of 10-6-4 fertilizer were
next applied to the site and tilled to a depth of §
cm. The only application of fertilizer after seeding

was 660 kg/ha of 10-10-10 fertilizer applied to
both sites in the fall of 1979.

Soils were sampled in November 1978 at three
locations within the sludge-treated, fertilizer-
treated and control areas at depth of 0-20, 20-40
and 40-60 cm. Samples were dried at room
temperature (below 25°C) in a drying cabinet and
then crushed and passed through a 2-mm stainless
steel sieve. Soil pH was determined at a 1:1 soil-
water ratio, conductivity was determined at a 1:2
soil-water ratio, and organic carbon was deter-
mined by the Schollenberger method (Black 1965).

The atomic absorption spectrophotometer was
used to analyze exchangeable and water-soluble
calcium and magnesium; exchangeable and solu-
ble magnesium and potassium were determined
colorimetrically (Flannery and Markus 1971).
Total metal and phosphorus were determined by
boiling 2 g of soil for 2 hours with 15 ml of 70%
HCIO,; phosphorus was then determined colori-
metrically and metals by atomic absorption spec-
trophotometry (Black 1965, Motto et al. 1970).
Extractible metals were extracted by the DTPA
procedure of Lindsay and Norwell (1978) and de-
termined by atomic absorption spectrophoto-
metry.

In September 1974 the sludge and fertilized sites
were seeded with a drill seeder. The seed mixture
and percentage by weight of each grass was: K-31
tall fescue (Festuca arundinacea Schreb.), 50%:
Pennlawn red fescue (Festuca rubra L.), 40%:;
weeping lovegrass (Eragrostis curvula L.), 5%;
and redtop (Agrostis alba L.), 5%. The seeding
rate was 132 kg/ha. Hay mulich was applied at
2200 kg/ha.

Plant yields were taken from three 9-m? sub-
plots in the sludge and fertilized areas in October
1978. The plants were cut at a height of 10 cm with
a sickle bar mower and dried to constant weight.

Species evaluation plots

Within the sludge-treated area, a 500-m? site
was used to evaluate grass species. This site was set
up as a complete randomized block design and
contained 87 individual plots with an area of 5.76
m? each. Eighteen grass species and varieties were
sown alone or in combination (Table 2). The seed-
ing rates.and composition of each mixture are
shown in Table 3. There were three replications of
each of the 29 treatments.

In May 1975, May 1976, October 1978 and June
1981, approximately 9, 21, 50 and 82 months after
seeding, general ratings of the grasses were re-
corded to assess their persistence and vigor. The
1975 and 1976 ratings have been reported previ-



Table 2. Grasses included in the species evaluation plots.

Common name Variery Botanical name

Kentucky bluegrass common, Baron, Victa, Poa pratensis L.
Vantage and Merit

Red fescue Jamestown, Highlight, Festuca rubsa L.
Fostress, Pennlawn
and Kensington

Tall fescue K-3 Fesiuca erundinaces Schred.
Annual ryegrass sommon Lolium multiflorum L.
Perennial ryegrass common, Eton Lolum perenne 1.
Colonial bentgrass Exeter Agrusns teruis Sibth.
Creeping bentgrass Emerald Agrosiis palustres Huds.

Table 3. Rates and compeosiiion of seed mixtures sown in
the species evaluation piots.

Compasttion
Seeding of mecture
Ciruxs rate (kg-Ra) by weight (%)
Baron Keatucky dluegrass 132 100
Vivta Kentucky dlucgrass 132 100
Vanage Reatucky dlucgrass 2 100
Meri  cntucky bluegrass 132 100
Common Kentucky bluegrass 132 100
Jamestown eed fescue 178 100
Hyghlight red fescue 1786 100
Foriress red fecue 178 100
g Pennlawn red fescue 176 100
L Keasington red foscue 1?6 1o
KO0 tall fescue e 1
1; Comemon anaual ryggrase ] 13
L Commaon pereamial rycgtan 220 100
£ Eton pereanial iyegrass 220 100
- Eaeter coloasal beatgrasy &4 {1
18 Eecrald coepeng dergran ) o
¥ Yty Kentucky Mucetaa, Maakit. 1% LR )
i tan perennaal tyegran®
‘o Vangge, Victa, comnmon, Winduwe i 43.30,1%.10
A Kentuchy Bluegraut
¥ Excter, annual tyegras £ 1.8
b Esecee, Hightight 12 17,8}
. Exeter, Highlight, anaua) ryegrass m 17,6613
g Ereter, KU 1} H 1.8
1 Highiight, X-31 1% 50,50
Hightigh, Baron e 6,37
Highlaght, annual tyegrany 1% 15,28
Hghight, K31, aaneal cyegran 176 3838.28
Baton, K-3), sanual tyegtass 17% 25,8028
K-8, sanual negians 178 78,28
* Spoets Twed
t Teansion Blend
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ously (Palazzo 1976). Also, in October 1978 the
three replications of Baron Kentucky bluegrass,
Jamiestown red fescue and K-31 tall fescue from
the sludged area were sampled for elemental
analysis. The plant tissue was washed in distilled
water, oven-dried at 60°C, and ground in a
stainless steel Wiley mill using a 30-mesh sieve.
Samples were wet-digested and analyzed for
potassium, phosphorus, calcium and magnesium
with an autoanalyzer according to the methods of
Steckel and Flannery (1971). For metal analysis,
the plant material was digested with a mixture of
nitric and perchloric acid and then analyzed by
atomic absorption spectrophotometry (Black
1965).

RESULTS AND DISCUSSIONS

Soll amendment plots

The dredged soils (control) were acidic (pH 2.4)
and infertile (Table 4). Applications of dolomitic
limestone, along with either seway. sludge or com-
mercial fertilizer and topsoil, increased the soil
fertility and pH to more optimal levels in the top
20 c¢cm of soil. Only total soluble salts and ex-
changeable sodium (data not shown) were unaf-
fected by either treatment.

Applications of sewage sludge significantly in-
creased the organic nitrogen, total nitrogen and
organic carbon over the fertilized treatments,
which were similar to the control soil. The farti-

Table 4. Mean fertility status st three depths four years after sewsge sludge

Fertilizer plots

Sludge plots

020¢cm 020 2040 4060 cm 020 2040 40-80 cm

and fertilizer applications.

Seil Conirol
charoctensiie

pH 24
Soluble salt (mahos cm} L2

Exchangeabdle cations \nieg 100g) 1.86
Exchangeadle Ca {meg- 100g) 1.2

Exchangeadle Mg (mieq- 1009 0.51
Exchangeadle K (mey Hidg) 0.1

Totat N (%) 0.022
Ozganic C (%) 10
Total P jppm) 218
Organic N (%) 0.022

47
K.
20.29
1.3
6.69
2.26
0.028
0.9
359
0.028

33 30 4.8 n 3é
21 21 14y 2110 1.28
3.2% 2364 1673 170 24
2000 1688 1437 B 198
1o 8% 426 28) 4.82
020 02 015 012 .24
0.033 0048 Q.21 008 00N
2.1 L8 26 & 24
4) »? 180 60 123
0033 0044 0.1211 0011 00N

*Values Qiffer uznifecantly at the 3% fevel within the 020 ¢ depth.
? Values differ sgmaficanily 31 the 1% level within the G20 o depid.

Table 5. Tota) und extractidie metal conccatrations in soils Gg/g).

Cowrst | Redieeptus o Swdgeplon
030 cme 620 -0 46'65' ] 0-20 04 &80 cm
Tatal
2ine 162 R 356 @7 200 2 330
Copget 4 40 LY 49 TR R EX
Clsomivm 34 399 A 4.7 3 B4 39 36
Lead §6.% (%) 192 177} (X 3 b 20
Nxkel ) 118 MR 34 e %0 X s
Cadavivm XS 10 | K] 3 L g 28 28
Extraciible
Qi 1) b8 | 1) 0y 4.1t 8¢ é.3
Copgoer [ 8] Q9 0.? (18] 414t LX) 1.6
Chiomive <01 <1.0 <04 <0 <0} <08 <0
Lead <0.t <108 <068 <0.t10 28.5* (N [+X]
Nicked 1.2 i3 | R 2109 X | 1" 87
Calmive <0 <0.1 <0.1 <0 0.7§¢ o 0.10

*Valoct Gifer IgAiantly al the S% Sevel wiihin the (-0 cm Gegib.
1 Vduts diffed sigaificantly a1 the 1% level withia the 0-20 cm Gepeh.

4




IR S gt o g e oo g o

s
»
‘

Figure 1. Growth of grasses one year after seeding. The grasses in the
background were grown cn a plot treated with sewage sludge; the grasses in the
Joreground were grown on a plot treated with commercial fertilizer ond topsoil.

lized soils contained higher contents of exchange-
able potassium, which was related to the applica-
tion of commercial festilizers. The application of
sewage sludge did not appreciably increass the
potassium content of the soil. The 2S-metric
ton/ha apolication of dotomitic limestone was i
marily responsidble for the :ncrease in sail pH and
exchangeable calcivm and magnesium in both the
sludged and fertlized soils. Both applications
greadly increased the amount of phosphorus.

At the lower soil depths the soils receiving fer-
tilizer or sewage sludge were generally more fertile
than the untreated or control soil (Table 4). This
probably resulted from the downward mavement
of thieze soil components sinve sail trovrparation,
ot tillage, oixurted to a depth of only 20 em,
Within the sfudged soils the pH. total nittogen and
organic nitrogen decreased with depth. Within the
fertilized soils the pH and total phosphotus de-
creased with depth, whils soluble salis, exs e
able catiens, coxchangeable cakium  aad
magnesium, argani nitrogen, total nivvogen, and
organic carbon increased. At the lower depths the
fertilized soils were higher in soluble salts and ex-
changeable calcium and magnesium and lower in
total phosphorus than the studge soils.

The sfudged <dils csntained greater amounts of
toial zing, copper, chiromium, tead, nickel and
cadmium and extsactible zinc, copper, lead and

cadmium then the fertilized soils {Table 5). There
were significant differences in the extractible
forms of chromium and nickei between the two
s0i} treatments. Although the quantity of metals
increzsed, the final concentrations were still with-
in the range typically found in soils (Allaway
1968).

The greatest conceatration of metals was in the
top 20 ¢m of soil, or within the plow layer.
Boswell {1975) and Williams ot al. (1980) also
found accumulations of metals aear the soil sur-
fave.

The extraatible forms of zing, coppes and nickel
moved through the soil profite more than the total
fosins of these clements did (Table §). Concentra-
tons of extractible forms of z2inc, copper and
ni- Yol were 4.4 to *.2 times greater a1 the 20-48
and 0-60 om depths in sludged soils than in fer.
itlicod soils. Increase in total wmetal conceatrations
only ranged from 0.9 to 1.7, Nickel was the oniy
clement in extractible form found to be in greater
concentration at the lower sail depths. Ouly minos
or no increases were observed 3t the tower sail
depths for tolal and extractidle chvomium, lcad
and cadmium.

Plant yirids were greater in plots receiving
sewage studge than thost receiving fertilizer, The
greater growth of grasses in the siudge area after
oue season ts shown in Fgute 1.




Figure 2. Species evaluatiun piots owe vear gfter seeding.

Table 6. Soull cover and heights of graises in May

1975,
[#20 Xof cuver %) Hewght (¢mi
Reatucky Muegrassds 6)-5% 1B
Red feues S0 W 12
3 tall fowwe 90 hi s
Comrmnon angusf pxegras [ 605
Common peteanial tyegran % W 4%
Etona pereatial exegtan w0 by
Eacter voloaial bentgrasa 0 12
Eresald creeping Bettgian 50 £

Species evaluation plots

Rarrgs.  Penodic ratings were ghen of the
arious grawsgs sowa in the species ovaluation
plots within the sludge atea (Fig. 2). I May 1978,
pine moaths after seadiog, a prefiminary viseal
anslyis showed good seed germination and seed-
ling vigor for abi grasses tested, indicaiing thai the
armended sotl could support initial plant grosth
(Vable 6.). There were cnly small differences
among vatictics at this ime (data not shown). The
Kentucky blucgrasses provided fair to good wl
cover. The fescues were considered zoveptable,
with both good cover and good color. K.31 i
fercue provided £ood cover and war tatler than the
ted fescues and blucgrasics. The apnual and

poteniial 1yegrasses were growiag vigoroutly and
were faller than all other specier. Fron pereanial
ryegeass, an umptoved vartety, develaped a dease
utiiorm vegalative cover 2d was aot as tall as
common anruzl or perenmal ryegrass. The (wo
ntgtass spectes had (G110 good sodl cover and
were fight green.

Of the seed mixtures tasted during these prelint-
nary ratihgs (data not shown), those that can-
tained annual of porennial syegtass developed a
good vegraative cover £>95%). However, it was
evident that the fyegrasses wese tall, agpressive
and overly competitive with atl other species in
this frial. All other mixtures studicad gave fais to
£00 £04 covers.




Table 7. Quality ratings of species evaluation
plots.

Quality rating*
Grass May 1976 Oct 1978

Common Kentucky bluegrass

Baron Kentucky bluegrass

Victa Kentucky bluegrass

Vantage Kentucky bluegrass

Merit Kentucky bluegrass

Jamestown red fescue

Highlight red fescue

Fortress red fescue

Pennlawn red fescue

Kensington ted fescue

K-31 tall fescue

Common annual ryegrass

Common perennial ryegrass

Eton perennial ryegrass

Exeter colonial bentgrass

FEmerald creeping bentgrass

Victa Kentucky bluegrass,
Manhattan perennial ryegrass

Vantage, Victa, common, Wind-
sor Kentucky bluegrass

Exeter, annual ryegrass

Exeter, Highlight

Exeter, Highlight, annual
ryegrass

Exater, K-31

Highlight, K-31

Highlight, Baron

Highlight, annual ryegrass

Highlight, K-31, annual ryegrass

Highlight, Baron, annual
ryegrass

Baron, K-31, annual ryegrass

K-31, annual rycgrass

Ch -1 2 A A BN OO OO 0D 0O
NO OO OO~ W0 ND 00O 0O
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LSDp, net

'Quail;ty rated from O = poorest to 10 = best.
t Least significant difference test at the $% level of proba-
bility. -

In May 1976, 21 months aiter seeding and after
the plants had completed one full growing season,
the grasses were again rated (Table 7). When the
grasses were seeded alone, the Kentucky blue-

. grasses and t»d fescues produced a good soil
cover, but there were differences among varicties.
Common Kentucky bluegrass and Jamestown and
Kensington red fescue received lower ratings than
other varieties within their species. The ratings of
the annual and perennial ryegrasses were relatively
low, mostly due to lodging. Eton perennial rye-
grass, which performed welil earlier in the study,
died out slightly and became spotty. K-31 tail fes-
cue also had lower ratings due to lodging. The
bentgrasses maintained fair to good soil covars,

el sl s Suckta

Best) 10.
(Best) or’__ Annual Ryegrass (AR)
9.0
8.0 s
r -:,."
L 7ol .
£ - L
¢ 8o ]
- e
£ sor-
o 2
3 - xi
S 40+ :
A - ;
2.0L '-i:-.
Q

Figure 3. Improvement in grass quality
when reducing the amount of annual
ryegrass in seed mixture.

In a greenhouse study, Murray and Foy (1978)
found that Highlight red fescue produced greater
yields, on a dry weight basis, than Jamestown in
soils with a pH of 4.6. They also observed that the
yield of Victa Kentucky bluegrass was greater
than Baron, which was greater than Vantage; the
ratings of these varieties were in the same general
order as in this study.

In May 1976 the mixtures containing annual
ryegrass, which had done well earlier, received the
lowest rating (Table 7, Fig. 3). The ryegrasses were
overly competitive with the other species during
establishment, and had lodged and were smother-
ing the other grasses. These mixtures contained
25% by weight of annual ryegrass, or 44 kg/ha.
Grasses in mixtures that did not include annual
ryegrass were more vigorous and provided a good
soil cover. Siuckey et al. (1980) also found de-
creases in the percentage of perennial ryegrass
after a similar time on highly acidic mine spoils
that were amended wjth sewage sludge,

In October 1978, SO months after sludge appli-
cation, the best ratings were for Kentucky blue-
grass varieties and K-31 tall fescue, either alone or
in mixtures (Table 7). There were no consistent
differences among varieties within species. The
bluegrasses were visibly shorter and provided the
bes: soil cover, with an average rating of 8.3 (Fig.
4). K-31 tall fescue also provided good soil cover
but was taller (Fig. 5). The soil surface in the plots
containing tail fescuc also contained greater
amounts of litter, which had accumulated from
the previous year’s growth, The red fescues, which
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Table 8. Mean percent soll coverage and species composition

ratings, June 1981,
Rating (%)}

Grass Total soll cover _ Sown grass®
Kentucky bluegrasses (5)t 76 81
Red fescues (4) 62 2
Tall fescue (1) 0 53
Annual ryegrass (1) 78 (1]
Perennial ryegrasses (2) 59 0
Bentgrasses (2) 49 0
Mixtures including Highlight () 63 12
Mixtures including Baron (3) n 64
Mixtures inciuding tail fescue (5) &9 44
Mixtures inciuding bentgrass (4) 63 0
Mixtures including annusi ryegrass (7) 64 0

* Sown grasses = percent of total soil cover consisting of grasses sown in

194,

t Numbers in parentheses indicate the number of varieties or mixtures used

ip determining rating.

Table 9. Elemental aualysis of grass samptes i Octeber 1978,

N P Zn Cu Cr Pb Ni Ccd
Grass (%) %) %) (%) (%) (N (S} (w8/3)  (wa/g)
Baron Kentucky bluegrass 2222 0.28b 1.60 2 MNMa Wba ‘tia Sa 2z 0Sa
Pennlawn red fescue 2.35a 0.3b 1Ld2a Ma 8a 10a 6a la 0623
K-31 i fescue 198a 0.45a 147 a Tda 9a i0a 6a 2a 0.7a

$"Concentrations of individual elements in columns followed by the same [elter were not signiticantly dilferent at the $%
level of probdability according 10 the Duncan’s Multiple Range Test (Little and Hills 1978).

had performed well duriug earlicr ratings, did not
rate as highly this time (Fig. 6). The grasses were
clumpy and not as tightly knit as the soil cover
produced by the Kentucky biucgrasses. The Penn-
lawn and Jamestown varieties, which had not per-
formed as well earlier, received slightly higher rat-
ings than the ather red fescues. Perennial and an-
Ruai ryegrasses and the benigrasses had almost
disappeared f{rom the plots.

The site was again evaluated in June 1981, 82
monthy after seeding. The individual experimental
plots containing less adapiable species (bent.
grasses and rycgrasses) had been invaded by more
adaptable grasses from neighboring plots. When
sown alone or in mistures, the Kentucky blue-
grasses were the most dominant spevies in their
plots and provided the best soil cover (Table 8,
Fig. 7). They were followed by tall fescue and the
sed fessues.

Chemical analysis. In 1978, Baron Kentucky
biuegrass, Pennlawn red fescue and K-31 tall fes-
cue were sampled and analyzed. No significant
differences were noted for any of the elements ex-
cept phosphiorus (Table 9). Baroa Keatucky blue-

] BN

grass and Pennlawn red fescue contained signifi-
cantly lower concentrations of phosphorus than
K-31 tall fescue. Pennlawn ted fescue contained
higher, though not significantly different, concen-
trations of zinc than Baron Kentucky bluegrass
and much more than in K-31 tall fescue. Pennlawn
red fescue contained a mean 2ine concentration of
291 pg/g, which is above the normal limits for
plants (Allaway 1968) and could be a reason for
the poor growth of this species. All other elements
were in the range considered normai for plant
growth (Allaway 1968), with the passible excep-
tion of potassivm, which could be cousidered low
{Martin and Matocha 1973).

CONCLUSIONS

The deedge spoils in this study were low in soil
pH and fertility. Applications of dolomitic iime-
stone in combination with either sewage studge or
commercial fertilizer and topsoil improved condi-
tions for plant growth at the site. These amend.
ments increased soil pH, phiosphorus and ex-




chargeable calcium an magnesium. Studge appli-
cations increased soil exchangeable potassium,
Exchangeable sodium and total soluble salts were
uniffected by the treatmants.

Sludge applications increased the metai concen-
“rations ¢’ s0il; but not to excessive levels. The
greatest metal concentrations were within the plow
layer (the upper 20 ¢m of the soil profile). Below
this depth, only the concenirations of the extract-
ible forms of zinc, copper and nickel were in-
creased

In the species evaluation plots the ryegrasses be-
came established more quickly than the other
grasses studied. This was due to their rapid germi-
nation and development rates, K-31 tall fescue es-
tablished more vapicly than the red fescues, which
were quicker than the Kentucky bluegrasses,

After 21 months the Kentucky bluegrasses and
red fescues, seeded alone or in combinations not
including ryegrasses, were the most desirable
species for providing the besy soil cover. A. this
time the ryegrasses had |- _ged and partially
smothered othar gress species. The bentgrasses
maintained a fair to good soil cover early in tue
study but did not persist.

Al varieties of Kentucky bluegrasses and red
fescues performed equally well, except for com-
mon Kentuckv bluegrass and Jai. .estown and Ken-
sington red fescue, which received lower ratings.
K-31 1all fescue aiso lodged because of its previous
rapid growth and received lower ratings than the
red fescues and bluegrasses.
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