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Summary. The value of sewage sludge for improving
the fertility and productivity of a degraded semi-arid
grassland soil was tested by quantifying and describ-
ing the effects of surface application of sewage sludge
on soil chemical properties and the soil microbial
community. Three surface application rates (22.5, 45,
and 90 Mg sludge ha ') were tested over the course of
two growing seasons. Most nutrient levels, including
N, P, and K, increased linearly with increasing sludge
application rates. Soil pH, however, declined linearly,
from 7.8 to 7.4, with increasing sludge application
rates. With the exception of Zn, heavy metals, in-
cluding Cd, did not increase with the small decrease in
pH or with increasing sludge application rates. Soil
bacterial, fungal, and ammonium oxidizer popula-
tions increased linearly with increasing sludge applica-
tion rates, and Streptomyces spp. populations remain-
ed relatively unchanged. The diversity of fungal
groups declined initially with increasing sewage sludge
rates but rebounded to near pretreatment levels under
the low and intermediate application rates within 1
year. High fungal populations and low fungal diversity
were related to the high nutrient contents provided by
sludge amendment. Mucor spp. and Penicillium chry-
sogenum dominated the sludge-amended soils, and
their densities in the treated soils in the first growing
season were almost directly proportional to the sludge
application rates. The improvement in soil fertility of
a degraded semi-arid grassland due to sludge applica-
tion was reflected in populations, diversity, and com-
position of the soil microbial community.
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Degraded semi-arid rangelands are characterized by
intensified drought effects and soils low in organic
matter (Branson 1985). A reduced availability of both
soil moisture and organic matter may limit microbial
populations and their activities and, thus, the
availability of plant nutrients (Clark 1977; Coleman et
al. 1983). Soil water availability is generally considered
the principal determinate of semi-arid grassland pro-
ductivity (Dodd and Lauenroth 1979), followed by N
and P (Lauenroth and Sims 1976). N and P fertilizers
can increase soil fertility and grassland productivity,
especially when soil moisture is adequate (Black and
Wight 1979; Detling 1979). However, the use of such
fertilizers on semi-arid rangelands cannot be justified
because they are costly and dependent on precipitation
for effectiveness. In contrast to synthetic fertilizers,
organic amendments are relatively inexpensive and less
dependent on precipitation in that they provide a
mulch layer in addition to nutrients. Thus, in areas of
irregular yet intense precipitation, a surface-applied
organic fertilizer-mulch is likely to be more effective
than an inorganic fertilizer in improving the fertility
and productivity of degraded semi-arid rangelands.
Stabilized sewage sludge may be particularly well
suited to this use (Fresquez et al. 1988a).

Although the organic and nutrient value of sewage
sludge varies widely with source, treatment, and ap-
plication rates, a typical sewage sludge provides soil
with significant additions of micronutrients, as well as
the obvious contribution of organic matter, N, P, and
K (Sommers 1977; McCaslin and O’Connor 1982).
The N-P-K content of sewage sludge, for example, is



roughly equivalent to a 4-2-1 commercial mixture
(Elliott 1986), and sewage sludge typically has higher
nutrient contents than other types of sludges or other
traditional organic amendments such as hay and
manure (Sommers 1977; Atalay and Blanchar 1984).
Also, sewage sludge is considered a slow-release fer-
tilizer because many of its nutrients are carried
predominately in organically bound forms that must
be mineralized to inorganic forms prior to plant up-
take (Sommers 1977). For these reasons, sewage sludge
applications, whether incorporated into the soil or ap-
plied on the surface, generally result in improved soil
chemical and physical conditions (Khaleel et al. 1981).
Improvements in the availability of plant nutrients,
soil water-holding capacity, and organic-matter con-
tents in sewage-sludge-amended soils usually lead to
increases in plant productivity (Elliott 1986). However,
one major drawback to the use of sewage sludge on
lands used for the purpose of increasing plant produc-
tivity is the introduction of potentially phytotoxic
heavy metals like Cu, Pb, Zn, and especially Cd
(Chaney 1983).

Historically, range reclamation research has fo-
cused on improving range productivity via fertilization
(Power and Alessi 1971; Dodd and Lauenroth 1979;
Wight and Black 1979) and physical land treatments
designed to reduce erosion and increase infiltration
(Aldon 1966; Aldon and Garcia 1972). The success of
these attempts has traditionally been monitored in
terms of above-ground plant biomass production.
Dried, anaerobically digested sewage sludge has been
used extensively in mine-spoil reclamation (Fresquez
and Lindemann 1983), and could potentially ac-
complish the goals of rangeland reclamation through
physical (reduction of rain-splash and sheet-flood ero-
sion and subsequent increases in infiltration and water
retention), chemical (addition of soil nutrients), and
biological actions (addition of available C required by
soil microbial communities to process nutrients).
Moreover, improvements in soil fertility and produc-
tivity are likely to be more readily demonstrated by
below-ground ecosystem responses than by the tradi-
tional above-ground approach (Elkins et al. 1984; Fre-
quez et al. 1986; Parker et al. 1987).

The objective of the present study was to deter-
mine the responses of microbial populations, and the
diversity and composition of fungal groups in degrad-
ed semi-arid grassland soils as affected by the addition
of anaerobically digested sewage sludge.

Materials and methods

Study site. In June 1985, dried, anaerobically digested sewage
sludge obtained from the treatment facility in Albuquerque, New
Mexico, was surfacei-applied to a degraded semi-arid grassland site
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70 km northwest of Albuquerque. The vegetative community on the
site was classified as a Gutierrezia sarothrae / Bouteloua gracilis
Hilaria jamesii (snakeweed/blue grama-galleta) type, a prevalent
and representative degraded grassland in the Rio Puerco Study Area
(Francis 1986). Sewage sludge was applied at rates of 0, 22.5, 43, and
90 Mg ha~! to each of four 3-x20-m plots, in a randomized com-
plete block design of 16 plots. The area was fenced to prevent graz-
ing.

Soil analyses. Soil samples were taken from non-rhizosphere soil
from each of the 16 plots in June 1985 (pretreatment), August 1985,
and August 1986. Five systematically located subsamples from each
plot were taken from the 0—15cm depth with a 5-cm-diameter
bucket auger. Subsamples were composited in sealable, sterile plastic
containers, placed in an ice-chest, and transported back to the labo-
ratory where they were passed through a 2-mm sieve.

All 16 composite samples from each of the three sampling
periods were analysed for numerous chemical and physical proper-
ties. Soil pH, electrical conductivity, and water-soluble cations (Na,
Ca, Mg, and K) were determined from saturated paste extracts
(USDA 1954). The DTPA (diethylenetriaminepentaacetic acid)
method was used to extract levels of Zn, Fe, Mn, Cu, Cd, Pb, and
Al, while B was extracted with hot water (Association of Official
Analytical Chemists 1980). Heavy metals and soluble cations were
determined by atomic absorption; available P was determined by
Olson’s procedure using NaHCO; as an extractant; NH; -N was
determined colorimetrically, using a 1:5 soil: KCl extract; and
NO; -N was determined via Cd reduction, using a 1:5 soil: water
extract (EPA 1974). Total Kjeldahl N was determined by the micro-
Kjeldahl procedure (USDA 1972). The percentage of organic matter
was determined by the Walkley-Black procedure (Allison 1965), and
soil texture was determined by the hydrometer method (USDA
1972). A comparison of the chemical and physical properties of the
pretreatment soil and the applied sewage sludge is given in Table 1.

Microbial analyses. Subsamples for microbial analysis were ob-
tained from composite soil samples taken in August 1985 and 1986.
All microbial enumeration analyses were conducted within 2 weeks
of sample collection. Soil samples were stored at 4 °C during any in-
tervening period.

Microbial populations were estimated by the dilution and
plating technique described by Wollum (1982). Dilutions were
plated in triplicate on nutrient agar for aerobic heterotrophic
bacteria, starch-nitrate-casein agar (Kiister and Williams 1964) for
Streptomyces spp. and rose-bengal-streptomycin agar (Martin 1950)
for fungi. The plates were incubated for 7 days at 25 °C for bacteria
and fungi, and 10 days for streptomycetes. Ammonium oxidizer
(Nitrosomonas spp.) populations were estimated by the most-prob-
able-number method (Alexander and Clark 1965), using an am-
monium carbonate medium and five replicates per dilution. The
culture tubes were read after 6 weeks of incubation at 25°C. All
microbial populations are reported per gram of oven-dry soil.

The diversity of fungal groups was determined from soil sub-
samples obtained from the August 1985 and 1986 soil samples. Sub-
samples were composited within treatments, generating four com-
posite samples per year. Fungal groups were isolated by placing 1 ml
of a 1073 dilution from a 10-g oven-dry weight-equivalent sample
in a Petri dish, adding cooled rose-bengal-streptomycin agar, and
swirling for an even distribution. Ten plates were inoculated for each
composited soil sample and incubated at 25 °C for 7 days. After in-
cubation, we transferred a portion of every colony appearing on the
plates to a carrot agar medium (E.E. Staffeldt, 1979, unpublished
data). After a 4-day incubation period, the colonies were identified
according to the taxonomic keys of Barron (1968), Gilman (1968),
Barnett and Hunter (1972), and Domsch et al. (1980).
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Table 1. Soil chemical and physical properties of the pretreatment soil (means from 16 plots) and dried sewage sludge

pH EC oM Sand Silt Clay Tex- SAR Water-soluble cations
@Sm ™) (gke™") (ekg™!) (ekg™!) (ke!) ture
Na Ca Mg K
(mge™) (@ee ™) (mee™) meg™H
Soil 7.8 0.39 12.53 444 256 300 o 0.15 460 5210  13.58 5.47
Sludge 6.8 18.01 - 860 68 72 s 16.83 586.96  58.12  20.67  769.88
Soil N and P Heavy and trace metals
NO;-N NHjf-N TKN P Zn Fe Mn Cu cd Pb Al B
(ree™) (ee™) (eg™!) (@ee ™) (meg™) (ee ) (eg ) (e ) (e ) mege ) (e (wge
Soil 2.0 3 733 4 0.2 3.5 3.8 1.3 0.01 0.8 0.1 0.02
Sludge 7.0 3681 48600 1599 150.0 2592  11.8  47.5 0.24 3.3 0.1 0.10

EC, electrical conductivity; OM, organic matter; s, sand; ¢, clay; 1, loam; TKN, total Kjeldahl N; SAR, Sodium adsorption ratio

Diversity was estimated using Shannon’s index of species diversi-
ty (Zar 1974), which estimates community richness (H') as:

k

H'=Y, plogp;, (1)
i=1

where p; = n;/N or the ratio of isolates in the group “i” to the total
number of isolates in the sample and & = the total number of
groups. Evenness was estimated by:

J=H'/H.__ , @

where H' = the diversity index value and H7,, = log k or the theo-
retical maximum diversity possible (assumes each group has only
one isolate).

The similarity in fungal composition among sample populations
was estimated using Serensen’s presence community coefficient
(SPCC), described by Mueller-Dombois and Ellenberg (1974) as:

SPCC = 200C/A+B , 3)

where C is the total number of groups common to the two samples,
A is the total number of groups in sample A4, and B is the total num-
ber of groups in sample B. If the two samples contained the same
fungal groups, the community coefficient would be 100, whereas if
they had no groups in common, the coefficient would be 0.

Statistical analyses. Variations in the chemical properties of the soil,
and in the populations of soil microorganisms between unamended
(control) and the sewage-sludge-amended soils, were analyzed using
a two-way analysis of variance based on treatment and years at the
5% probability level. Orthogonal polynomials were used to
characterize the relationship between the sludge application rates
and soil chemical and microbiological parameters. Where results
were inconsistent between different years (i.e., soil P and the am-
monium oxidizers), each year was analyzed separately using a one-
way analysis of variance.

Results and discussion

All the soil chemical properties that changed signifi-
cantly with the application of sewage sludge are shown
in Table 2. With the exception of organic matter and

pH, all other soil chemical properties increased linear-
ly with increasing sludge application rates. Soil organ-
ic matter showed a quadratic response to increasing
sludge rates, peaking at the middle rate. Important
plant nutrients like levels of N (NH; -N, NOj -N,
total Kjeldahl N) and P, continued to increase in the
2nd year after treatment. Soil P, for example, increased
at a higher rate in the second growing season than in
the first growing season with increasing sludge rates.
Most other soil chemical parameters remained at the
same levels or declined after initially rapid 1st-year in-
creases. These soil chemical properties, however, re-
mained significantly elevated relative to control levels.

The small decrease in soil pH values from 7.8 to 7.4
with an increase in sludge application rates was pri-
marily linear, with the decrease becoming smaller at
the higher sludge application rates. Albuquerque sew-
age sludge had a pH value of 6.8, a full pH unit lower
than the soil receiving treatment (Table 1). The lower-
ing of the soil pH with sewage sludge application was
probably due to leachates from this slightly acidic
sludge, and also to subsequent acid-producing micro-
bial reactions in the soil (Miller 1973).

Cation solubility generally increases with decreas-
ing pH in alkaline soils (Bohn et al. 1979). In this
respect, some researchers consider sewage sludge to be
a natural chelator for certain cations (Elliott 1986).
However, the pH at which micronutrients and heavy
metals begin to solubilize starts around 7.0 (Kiekens
1983). McCaslin and O’Connor (1982) recently dem-
onstrated that the increase in soluble Fe and Zn
following applications of Albuquerque sludge to an
alkaline soil was due principally to the sewage sludge
directly supplying soluble organometal complexes as
opposed to solubilizing existing soil metals. In the pre-
sent study, Zn was the only micronutrient that showed
significant changes following sludge application. Al-
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Table 2. Soil chemical properties that showed significant changes following sewage-sludge application (Mg ha™ 1) measured in August 1985

and 1986 (+SE)

Soil August 1985 August 1986
properties
0 22.5 45 90 0 22.5 45 90
pH 7.8 7.7 7.6 7.5 7.8 7.6 7.5 7.4
(0.05) (0.02) (0.02) (0.06) 0.04) (0.08) (0.05) (0.11)
EC (dSm™ ) 0.37 1.06 1.66 2.23 0.37 0.96 1.26 1.97
(0.03) 0.11) (0.22) 0.35) (0.03) (0.19) 0.11) (0.49)
SAR 0.40 0.45 0.66 0.89 0.36 0.53 0.48 0.75
(0.09) (0.04) (0.01) 0.04) (0.06) (0.08) (0.04) 0.19
OM (gkg™ 1) 11.7 12.9 13.9 12.2 13.4 14.7 14.5 12.1
0.5) 0.7) (0.8) 0.4) 0.6) (0.6) (0.4) 0.7)
Na (ugg™ 11.0 221 39.1 59.1 10.6 26.9 26.9 54.7
2.3) (3.0 2.5) 4.6) Q.1) (7.1) 3.2) (15.0)
Ca(ugg™h) 25 131.5 197.4 251.5 46.3 130.7 165.1 259.7
4.0) (13.6) 27.3) (47.9) 4.8) (24.8) (13.4) (63.3)
Mg (ugg™") 10.9 29.3 45.8 56.1 12.8 33.3 44.0 71.4
(1.0) .7 (7.2) (8.0) (0.6) (7.1) 3.8) (17.5)
K@ugg™H 6.3 10.2 17.2 19.2 4.3 9.0 12.5 19.9
(1.2) (1.6) 2.0 (1.6) (1.2) 2.7 (0.6) 6.3)
NO;-N (ugg™1) 2.2 21.8 41.8 61.3 0.8 10.0 28.1 53.8
0.2) 3.5) (11.7) 16.7) 0.1) 2.4) 4.2) (7.8)
NH; -N (ug g™ h 31 9.4 19.6 51.0 33 10.3 22.4 39.1
(0.6) (4.8) (5.7 (18.3) 0.1) 1.0 2.9) (5.8)
TKN (ugg™") 729 817 845 924 665 828 843 987
30) 41) (€)0)] (36) (28) 44) (60) (76)
P gz Y 4.9 14.5 19.6 31.1 4.0 20.4 439 71.5
0.7) (2.9) 1.4 3.3) 0.9 (3.6) (3.8) 9.9)
Zn (ngg~"H 0.29 0.35 0.61 0.76 0.27 0.79 1.01 1.20
{0.03) (0.02) (0.03) ©.14) 0.05) 0.21) (0.13) (0.50)

For abbreviations see Table 1

though the Zn concentration in the soil treated with
sewage sludge was significantly higher than the unam-
ended soil, the highest Zn concentrations measured
were still far below 40 pg g~ ! DTPA soil Zn that is
considered phytotoxic (Chaney 1983). In fact, the nor-
mal levels of DTPA Zn in soil range from
0.5—20pg g~! (Bohn et al. 1979). Thus, this essential
plant micronutrient appears to be present at levels just
above that required for optimum plant growth with
sewage sludge amendment applied at the highest level.
Other trace metals that were noticeably unchanged
following sludge application were Fe, Mn, Cu, Cd, Pb,
Al, and B. This is an important consideration because
concerns over heavy metals, particularly Cd levels, fre-
quently limit sewage sludge applications (Elliott 1986).

Average soil bacterial, fungal, and especially am-
monium oxidizer populations increased linearly with
increasing sewage sludge application rates. Although,
Streptomyces spp. populations in the amended treat-
ments remained relatively unchanged in 1985, the am-
ended treatments still contained significantly higher
Streptomyces spp. populations than the control (Table
3). In August 1986, Streptomyces spp. populations
showed a guadratic response, with the light and inter-
mediate treatment levels containing the highest popu-

lations of Streptomyces spp., and the control and
highest treatment level containing the lowest. Fungal
populations, in contrast, were significantly higher in
the sewage-sludge-amended soils compared with the
unamended control in both years. In contrast, the
diversity of fungal groups decreased with increased
sewage sludge application rates (Table 4), This may
have been due to the rapid proliferation of Mucor spp.
relative to the other fungal groups. By August 1986,
some native soil fungi had rebounded to pretreatment
levels in the low and intermediate treatment levels as
evidenced by an increase in diversity despite sustained
high population counts (Table 3).

Generally, fungal diversity indices are lower in
communities under soil stress (as opposed to a
moderately low fertility status), or soils high in
nutrient levels (Guillemat and Montegut 1960; Joffe
1967; Fresquez and Aldon 1984; Fresquez et al. 1986;
Fresquez et al. 1988b). When soils are then enriched
with nutrients, as in the present study, fungal popula-
tions generally increase, and fungal diversity usually
decreases. Typically, microbial species that are better
adapted to the enriched conditions respond with in-
creasing population sizes (Atlas and Bartha 1981).
These relationships generally hold true for plant com-
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Table 3. Soil microbial populations in an untreated soil and sewage-sludge-amended soils (Mg ha~!) measured in August 1985 and 1986

(+SE)
Microbial August 1985 August 1986
populations
0 22.5 45 90 0 22.5 45 90
Aerobic heterotrophic bacteria
a’g™hH 33 54 72 132 23 44 51 89
5.5 (7.6) (7.0 2.3) 3.7) (7.2) 6.2) G.49
Fungal propagules
(10°g™Y 18 43 50 48 16 39 42 38
.7 6.0) “4.3) (11.1) .7n 6.7) (8.1) 5.4
Streptomyces spp.
1g™h 76 100 107 108 33 53 45 29
(11.4) (8.9) (18.8) (9.6) 4.9 (5.8) (5.5) (1.2)
Ammonium oxidizers
10%g™h 14 16 142 129 1 60 212 893
(1.3) (8.3) (26.3) (37.3) (0.6) (14.1) (74.3) (353.3)

Table 4. Distribution and relative density of fungal groups in an untreated soil and sewage-sludge-amended soils (Mg ha~!) measured in Au-

gust 1985 and 1986

August 1985 August 1986
Fungal groups 0 22.5 45 90 0 22,5 45 90
Absidia spp. - - - - - - 1 2
Acremonium spp. 4 - - - 4 - - -
Alternaria spp. 3 - - - - 2 2 —
Ascomycete spp. 4 - - - 3 5 4 7
Aspergillus
alliaceous 6 — - — - - -
candidus (2] — - — - 2 2 2
flavus — — 1 — - - — -
fumigatus 9) 12 3 - 8 30 1 20
ochraceous - - - - (38) (43) 15 (25)
Cephliophora spp. — — - — — - 9 3
Chaetomium spp. 4 1 - — 4 5 1 1
Chrysosporium
irregularis 2 - - - 1 - — -
Curvularia spp. — - — — 1 - — -
Fusarium spp. 7 15 16 3 22 (45) 41) 5
Gliocladium spp. - - - - - - 1 -
Humicola spp. 1 - - — - - — —
Mucor spp. - 44) (121) (224) 5 6 8 9
Mycelia sterilia 5 — - — 3 2 - —
Pencillium
chrysogenum - 26) 65) (32) - - 15 6
cyclopium 32) (26) 18 8 39) (50) 25 26)
Jfrequentans - - - - - 1 2 1
Sfuniculosum 2 — - - 1 27 8 11
Jjanthinellum - - — - — - (104) (223)
lilacinum — — - - 1 — — -
monovert — - — - 8 2 21 4
Scopulariopsis spp. — 1 - - - — 22 4
Sependonium spp. — - - - 2 — 1 -
Unidentified isolate 4 — — - — — - -
No. of isolates 107 125 224 267 140 220 293 349
No. of groups 14 7 6 4 16 13 19 16
Diversity 0.943 0.685 0.506 0.242 0.876 0.871 0.967 0.658
Evenness 0.823 0.811 0.650 0.402 0.727 0.782 0.756 0.547




munities also, in that production and diversity are in-
versely correlated in the presence of a stimulus (Hus-
ton 1979; Stark and Redente 1985; Biondini and
Redente 1986). Conversely, species not well adapted to
the new soil conditions may remain static, decline, or
even disappear. Table 4, for example, reveals several
fungal groups that demonstrated one or the other of
these extremes following sludge application. The
results from August 1985 showed that more than half
the fungal groups isolated in the control soils were not
in the lightly treated (22.5Mg ha~!) soils. These
fungal groups, possibly considered the most sensitive
to sewage sludge applications, included Acremonium
spp., Alternaria spp., an ascomycete sp., Aspergillus
alliaceous, A. candidus, Chrysosporium irregularis,
Humicola spp., Mycelia sterilia, Penicillium funiculo-
sum, and an unidentified isolate. By August 1986, half
these groups had rebounded, including the Alternaria
spp., the ascomycete sp., Aspergillus candidus,
Mycelia sterilia, and Penicillium funiculosum.

As expected, the most notable changes in the 1st
year occurred in the heavily treated plots where only
four fungal groups were isolated; two were introduced
with the sludge (Mucor spp. and Penicillium chrysoge-
num) and two were present in the control soil (Fusa-
rium spp., Penicillium cyclopium). Although Mucor
sp. are found in undisturbed soils, it is a characteristic
fungus of sewage sludge as is P chrysogenum (Cooke
and Pipes 1970). No Mucor sp. was present in the 1985
control soils, but its densities in the treated soils were
almost directly proportional to the sludge application
rates. Unlike P chrysogenum, Mucor spp. achieved
higher densities the 1st year in the sewage-sludge-
treated soils than in the sludge itself. Because of the
large number of Mucor spp. isolates, the heavily
treated soil with only 4 fungal groups had nearly 2.5
times as many isolates as the control soil with 14
fungal groups. This disparity resulted in a near four-
fold drop in the diversity of fungal groups in the heavi-
ly treated plot. Moreover, because the isolates were so
unevenly distributed, the evenness was also greatly
reduced (half that of the control).

By August 1986, the diversity of the fungal groups
in the treated plots had rebounded, with fungal diver-
sity in the soils with light and intermediate treatment
levels being, respectively, equal to or greater than that
of the control soil. However, fungal diversity in the
heavily treated soil was still largely reduced. Moreover,
although both the control and heavily treated soils
contained 16 fungal groups, they only shared 9 groups
in common, and thus still had vastly different fungal
community compositions. The compositional, diversi-
ty, and evenness differences combined with the sus-
tained high populations in the heavily treated plots
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suggest that nutrient levels were still high in these soils
more than a year after the sewage sludge application.

The effect of nutrient enrichment on the overall
fungal community composition is perhaps more readi-
ly apparent in analyses using Serensen’s presence com-
munity coefficient. These values correspond to the
similarity in the number of fungal groups that two
treatments have in common. Sgrenson’s presence com-
munity coefficient values for fungal densities associat-
ed with sludge-amended plots compared with un-
treated control plots declined with increasing sewage
sludge application rates in 1985 and 1986 (Table 5).
The fungal community composition in the treated
plots was more dissimilar from that of the control
plots in August 1985, since the similarity coefficients
for the light, intermediate, and heavy treatments ver-
sus controls were 38, 30, and 11, respectively. By Au-
gust 1986, the similarity in fungal groups between the
light, intermediate, and heavy treatments, compared
to the control, increased to 69, 51, and 50, respectively,
indicating that the fungal communities in each of the
three treatments were returning towards the control
(unamended) fungal community composition.

The waning influence of the sewage sludge during
the 2nd year was also seen in a shift in fungal
dominants (numbers in parentheses in Table 4). In Au-
gust 1985, each of the three sewage-sludge-treated
soils shared only one fungal dominant (P cyclopium)
with the control soil. By August of 1986, the lightly
treated plot shared all three fungal dominants (P cy-
clopium, Fusarium spp., and Aspergillus ochraceous)
with the control soil, and the intermediate and heavy
treatments each shared two fungal dominants (P cy-
clopium and Fusarium spp., and P. cyclopium and A.
ochraceous, respectively) with the control soil.

Although the sludge supplied direct additions of
plant nutrients to the treated soils, the decomposition

Table 5. Serensen’s presence community coefficients for fungal den-
sities associated with an untreated soil and sewage-sludge-amended
soils (Mg ha™') measured on August 1985 and 1986

Treatment
(Mgha™")

August 1985 August 1986

0 225 45 90 0 225 45 90

August 1985
Control 100 38 30 11 60 67 42 47

22.5 100 71 73 43 50 54 61
45 100 80 36 42 40 45
90 100 30 55 35 40
August 1986
Control 100 69 51 50
22.5 100 69 76
45 100 91
90 100
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of the sludge itself by the soil microbial community
also contributed to the overall amounts of nutrients
available for plant growth. One net effect was the sig-
nificant increases in plant-available N and reductions
in the C:N ratio in the treated soils. While pretreat-
ment C:N ratios in this semi-arid grassland soil were
within the limits for effective decomposition of organ-
ic substrates (Pugh 1974), the low C and N levels prob-
ably limited the amounts of microorganisms that
could be supported (Taylor 1979; Fresquez et al.
1988a). Increased microbial populations and a de-
crease in the diversity of fungal groups following the
sewage sludge applications indicated that the C and N
limitation was at least reduced, if not eliminated.

Conclusions

Significant increases in microbial populations and in
many macro- and micro-nutrients with the application
of sewage sludge suggest that the surface applications
of dried sewage sludge may have improved the fertility
of this degraded semi-arid grassland soil. The im-
provement in soil fertility was reflected in the popula-
tions, diversity, and composition of the soil microbial
community, and, later, in the quantity and quality of
above-ground plant biomass produced on these same
sewage-sludge-amended plots (Fresquez, Francis and
Dennis 1989, unpublished data). Moreover, the con-
tinued increases in N and P during the 2nd year after
the sludge applications combined with the mainte-
nance of high fungal populations, despite recovering
but low fungal diversities, suggest that a single sludge
application has the potential to serve as a low-grade,
slow-release fertilizer for this soil for several years.
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