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Table 1- Some chemical properties of sewage sludge and soil used

SR 2y WS 2d Se
Feature Unit Sewage sludge Soil
EC (dsm™ 1.02 (1:5) 0.167 (1:2)
pH (H;0) - 6.01 (1:5) 8.34(1:2)
o oS (@ C kg 359 536
Organic Carbon
S 0is @ N kg?) 55.9 0.509
Total Nitrogen
oo B it g gt 400 436
Available Phosphorus
Total Cu" (mg kg?) 73.2 117
Tota Pb (mg kg?) 46.1 7.8
Tota Zn (mg kg?) 1163 295
(YY) Kt polie JS clalé

*Total concentrations of heavy metals (37)
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Table 2- Rotated factor loadings of soil microbiological and biochemical properties using Quartimax rotation to extract three
principal components (factors) along with their communality, descriptive variance and cumulative variance of total dataset

5% Jol salge  pgd salie  pgw gallie  STpl s
Variable First Factor Second Factor Third Factor Communality

FDA 0.978 0 0 0.963

TN 0.963 0 0 0.976

ARL 0.957 0 0 0.976

pH -0.945 0 0 0.910

AP 0.928 0 0 0.868

oC 0.923 0 0 0.910

EC 0.921 0 0 0.894

Zn 0.911 0 0 0.973

CAT 0.897 0 0 0.809

Pb 0.889 0 0 0.805

Cu 0.883 0 0 0.929

SIR 0.873 0 0 0.775

Nimin 0.847 0 0 0.894

N.R. 0.818 0 0 0.895

R.R. 0.798 0 0 0.850

AA 0.750 0 0 0.831

FR 0 -0.951 0 0.915

BR 0 0.951 0 0.958

MBC 0 0.869 0 0.915

DOC 0 0 -0.902 0.835

ALP 0 0 0 0.882

URS 0 0 0 0.811
kg o) 13.4 3.90 2.03 -

Eigenvalue
") i b ooy 62.0 17.7 9.2 -
descriptive variance

R 62.0 79.7 89.0 -

Cumulative variance
ST PH (S S culin bl EC sl 03litol ol s (slyr VO 31 3555 slaailie )59 i g odd iye SongS 0 Sy 5l ailhe 459 ol o oo
DTPA-TEA L o1 s S0 )las (595 :ZN g &y (PO« o 1CU ¢y yiawdyd yand AP Jgloma I 00y DOC (S JT 32,5 :0C (JS 95 TN Sk
Nimin «9e0lSasts yi6 e s INLRL ¢ oL ySb et BR ¢ )8 is FR g 51 86 i :SSIR ¢ uis e s (RIRL ¢ 09,500 (035 ) o, :MBC
gyn (FDA g jblawd VIS culld AALP Gblgu o)l el AARL lo gl cullsd URS GV cullsd :CAT (ol ponlSiidgel AA. ( Gidre 59y
Sliwsled cymsld
Based on factor loadings, soil variables were arranged from the largest to the smallest values, and only factor loadings greater than
0.75 have been used to interpret the results. EC: electrical conductivity, pH: soil reaction, TN: total nitrogen, OC: total carbon, DOC:
dissolved organic carbon, AP: available phosphorus, Cu: copper, Pb: lead and Zn: zinc extracted with DTPA-TEA, MBC: microbial
biomass carbon, R.R.: respiration rate, SIR: substrate-induced respiration, FR: fungal respiration, BR: bacterial respiration, N.R.:
nitrification rate, Ny;in: mineral N, A.A.: arginine ammonification, CAT: catalase activity, URS: urease activity, ARL: arylsulphatase
activity, ALP: akaline phosphatase activity, and FDA: Fluorescein Diacetate hydrolysis
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Figure 1- Two-dimensional coor dinates showing first and second factor s extracted using soil microbiological and biochemical
properties. See Table 2 for variable's abbreviations
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Figure 2- Biplot diagram of first and second factors separating treatments based on soil microbiological and biochemical
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with A.caliginosa, SOAE: without sewage sludge and with the two species, SINE: with sewage sludge and earthworm, S1EF: with

sewage dudge and E. foetida, S1IAC: with sewage sludge and A.caliginosa, SIAE: with sewage sludge and the two species. SO:
sewage sludge treatments, S1: non sewage sludge treatments. NE: non earthworm and E: earthworm treatments
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Introduction: Land application of organic wastes and biosolids such as municipal sewage sludge has been
an important and attractive practice for improving different properties of agricultural soils with low organic
matter content in semi-arid regions, due to an increase of soil organic matter level and fertility. However,
application of this organic waste may directly or indirectly affect soil bio-indicators such as microbial and
enzymatic activities through a change in the activity of other soil organisms such as earthworms. Earthworms are
the most important soil saprophagous fauna and much of the faunal biomass is attributed to the presence of these
organisms in the soil. Therefore, it is crucial to evaluate the effect of earthworm activity on soil microbial and
biochemical attributes, in particularly when soils are amended with urban sewage sludge. The purpose of this
study was to evaluate the earthworm effects on biochemical and microbiological properties of a calcareous soil
amended with municipal sewage sludge using Factor Analysis (FA).

Materials and Methods: In the present study, the experimental treatments were sewage sludge (without and
with 1.5% sewage sludge) as the first factor and earthworm (no earthworm, Eiseniafoetida from epigeic group,
Allolobophracaliginosa from endogeic group and a mixture of the two species) as the second factor. The study
was setup as 2x4 full factorial experiment arranged in a completely randomized design with three replications
for each treatment under greenhouse conditions over 90 days. A calcareous soil from the 0-30 cm layer with clay
|loam texture was obtained from a farmland field under fallow without cultivation history for ten years. The soil
was air-dried and passed through a 2-mm sieve for the experiment. Sewage sludge as the soil organic
amendment was collected from Wastewater Treatment Plant in Shahrekord. Sewage sludge was air-dried and
grounded to pass through a 1-mm sieve for a uniform mixture with soil matrix.Heavy metals concentrations were
found to be below the maximum permissible limits for municipal sewage sludge. After applying sewage sludge
treatments, the pots were irrigated (70% soil field capacity) for three months to achieve a relative equilibrium
condition in the soil. Eight adult earthworms with fully-developed clitellum were added to each pot. In the pots
with both earthworm species, 4 specimen of each earthworm species was added. At the end of the experiment
(90 days), soil samples were collected from treatments and were separately air-dried for chemical analysis or
kept fresh and stored (4°C) for microbial analysis. Finally, data obtained from the study were analyzed using
multivariate analysis.

Results and Discussion: Factor analysis led to the selection of three factors with eigen value greater than 1.
The first, second and third factors were accounted for 62, 17.7 and 9.2% of the variability in soil data,
respectively. The three factors together explained 89% of the original variability (i.e., variance) in the soil
dataset. Consequently, three factors were retained to represent the original variability of the dataset. The first
factor had 16 highly weighted variables with a negative loading for soil pH and positive loadings for other
variables. The first factor, which included most soil indicators as input variables, clearly separated sewage
sludge treatments. Most of the soil microbial characteristics were increased by sewage sludge application due to
the high contents of organic matter and nutrients in sewage sludge, as well as low concentrations of heavy
metals. Fungal respiration, bacterial respiration and microbial biomass carbon loaded heavily on the second
factor with a negative loading for fungal respiration and positive loadings for bacterial respiration and microbial
biomass carbon. The second factor, which included microbia biomass and community composition, noticeably
discriminated earthworm treatments. In sewage sludge treatments, the dependence of E. foetidaspecies on soil
microorganisms as a food source declined, because of the consumption of organic waste by this epigeic species.
However, the activity and impact of A. caliginosa species from endogeic group was only related to soil microbial
biomass probably due to selective feeding of soil microorganisms.

Conclusion: Factor analysis was used successfully in discriminating the effects of sewage sludge and
earthworm either alone or in combination on soil microbial and biochemical parameters. A. caliginosa speciesin
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soils amended with sewage sludge had a positive effect on microbial community and biomass, while E.
foetidaspecies had no such effect. A. caliginosa species indirectly benefited from sewage sludge application
following the increase of soil microbial biomass. In summary, A. caliginosa species positively affected
microbiological and biochemical properties in soils amended with sewage sludge due to its less dependence on
this organic resource.
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