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Table 1- Chemical properties of sewage sludge and soil used

=ab EC Lf” U")s Jf 0)5}‘."'.‘." Cu* Pb 7n
. pH Organic carbon Total nitrogen
Texture - . g
(dS m™) (g kg”) (mg kg™)
oMl -
j o - 1.02 6.01 (1:5) 359 55.9 516 136 512
Sewage sludge
Sk
. 2 £ 0.167  8.34(1:2) 536 0.509 0.308 0.128 0.274
Soil Clay loam

DTPA-TEA L 04 (g puSojlas o ywd b6 Ko oljls clale*
*Available heavy metals concentrations extracted with DTPA-TEA.
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Table 2- Mean squares of sewage sludge, earthworm and their interactions on the total nitrogen (TN) and available copper
(Cu), lead (Pb) and zinc (Zn) extracted with DTPA-TEA

e . R powsd o1
Oyt gko 85 059 o
df Available
SOV TN
Cu Pb Zn

ML oy

1 0.802(0.99)™ 19.6(0.78)™"  0.088(0.81)™"  7.45(0.98)""
Sewage sludge

St es 3 0.002(0.54)** 0.359(0.16)™  0.003(0.32)™  0.024(0.33)™
Earthworm
J’Lﬁ"’ )3| *E ns ns ns
' 3 0.002(0.52) 0.219(0.10) 0.0004(0.06) 0.009(0.16)
Interaction
s
16 0.0003 0.350 0.001 0.009
Error
C.V. (%) 2.61 9.67 22.9 10.1
R? 99.2 70.1 75.2 97.3

il S Bta? gonms s joly J5b sl

Al 2oy /Y 5 ) prdaw )3 91 I3 e g I3 me i porde 4 i 4 T F o ** s

Numbers in parentheses are the partial Eta’.
ns, ** and *** are insignificant and significant at 1 and 0.1 percent, respectively.

SB S )3 DTPA-TEA b Wiges (5 550,las 51 (pug 03Ul 1B (g9, 9 @ o oo CBIE 9 IS (359,05 lie 2 (S 0,5 51T oo
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Table 3- Effects of sewage sludge application and earthworms inoculation on the total nitrogen (TN) and available copper
(Cu), lead (Pb) and zinc (Zn) extracted with DTPA-TEA. Numbers are Average (n=3) with standard deviation (SD)
Slow TN Cu Pb Zn
Treatment (&N kg’soil) (mg kg™ soil)
M o ey S
Sewage sludge un-treated soil

NE 0.458+0.023°  0.239+0.02°  0.069+0.02¢  0.467+0.05"
EF 0.43240.025°  0.225+0.02° 0.107+0.02°¢  0.402+0.05"
AC 0.458+0.012°  0.226+0.03° 0.118+0.03%¢  0.322+0.04°
EA 0.477+0.019°  0.223+0.02°  0.088+0.03%  0.363=0.03"

Mean 0.456+0.024  0.22840.20 0.096+0.30  0.388+0.07
M o el S5
Sewage sludge treated soil

NE 0.785£0.014°  0.386+0.04"  0.187+0.02°>  1.49+0.11°
EF 0.823+0.012"  0.432+0.05°  0.251£0.05 1.61+0.2°
AC 0.853+0.012*  0.365+£0.03"  0.222+0.04* 1.41+£0.07*
EA 0.826+0.010°  0.407+0.03*  0.205+0.04™  1.500.10°

Mean 0.8224+0.027  0.397+0.04 0.216+0.04 1.50£0.13
BMaS] gl cglite gy (glyls (slauSilio ¢ygim sa 5> Al o 4565 50 bgle BA 4155531 |)9é5g919ﬂ sa5 AC JA..JL.:)J 465 EF ( SB 58 4o NE
it (So 9050 bl (P<+/+0) Jo e
NE, without earthworm; EF, E. foetida; AC, A. caliginosa; and EA, mixture of two species. In each column, mean values with
different letters indicate statistical significant (Tukey's test at a=0.05).
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Table 4- Mean squares of sewage sludge, earthworm and their interactions on the arginine ammonification (A.A.),
nitrification rate (N.R.), nitrification percent (N.R. (%)), mineral nitrogen (mineral N) and mineral nitrogen to total nitrogen
ratio (mineral N/TN)

s OomSadigol oty i Moy 039545 Ol & (Fme (9 I Comnnd
Sl o df RN | OFw O . ol v . R
SOV o) N.R. OBy s e I ojor
A.A. N.R.(%) mineral N mineral N/TN
Msls
Sewage 1 0.769(0.77)*** 48.7(0.95)*** 0.035(0.26)* 964(0.88)"** 0.020(0.07)™
sludge
SEes 3 0.162(0.68)*** 15.6(0.95)*** 0.593(0.95)*** 63.2(0.59)™ 0.182(0.68)***
Earthworm
Hlize )JI 3 0.168(0.69)"* 2.81(0.79)** 0.110(0.77)*** 62.4(0.59)™ 0.211(0.71)**
Interaction
s
16 0.014 0.143 0.010 8.23 0.016
Error
C.V. (%) 5.10 6.32 8.09 11.3 12.4
R’ 83.5 96.9 93.7 87.1 74.6
Wil o doyd /Y g Y w3 (39 I dime g I xepE porie 4 i) 4 R 5 ** ns Sl e S Eta gonmdlis sly Jab slasl

Numbers in parentheses are the partial Eta®. ns, *, ** and *** are insignificant and significant at 5, 1 and 0.1 percent, respectively.

b
oAb ol )8 By g yin (slas ySh (sl p3Y (sl pange cplple
slyimage posigel (lime SRl bbb o (I3 posigel Ay
sl S clid g 4Bl yili 8l 5 o wlSdy yis Al 3
LS 059 om Cutte (Siumad 2929 D95 o0 S 20 Lol s
S 5 (B Jodo) (yomelSad i ey g ] ogmlSadigal
ol 38l 431y cplpl WS e dol g dad o lis |y aulyé oyl
5 OpelSdigel 213 ML od ypis )5 ST N 595

23,5 o0 020 gmlSsiy i o Jbid &

DSl o 5,1l HNR.) (g Sy pid o o

0oy Sy Jolo 93 cpl Jlie Sl g (S oS idls
P98k Sy cnl (F Jgio) 0392 (p0/ ) Sl e SB
el ol (5 Jgis) il LilsEl doys /B Ml oy
Lo S L (YA) cool 0ad ()13 503 o Sigiy b
STy ol plsl 4 3B Slg s g ubgegiois Ale (s394
5 sl Sl lié (cosgione s Sl oyl (VF) it g5l
O (99381 L (V) 2iiS (e o3l (939450 (Sl g Sl
mo Ol SB T S Gl elen o S (50500 olie oSG



MO Sy 50 a3 ammlSainigal § (gmnlSads s as us 0 (S 0,5 51

S5 5D 9 o yd A IiBls ] (caisS jouan 13 oS yi5 s (Vo) cowVb (SB o) Vg8 10 (amlSidy i s puo
S 5 gt oo & s 2m3 I g3 Ll 5 S slag S S ol f end gl g3 oS
(7 o) <8l Ll oy 5y =l ) (V) b e Rl Lyl i
[ e ms
1§ 5 ,
— % E , -;..:;:
3 . 2
=& = N
< £ \
0.3 §
0 -::5:5:

EF ' AC
LS sl
(earthworm treatments)
£55 §lesi (80) ol g (S1) OB 20 L 2add Jlawd (ST S Sy 13 o1 cogmaSsiil oo 3 (S 05 31 U
W30 Ul 1) (ke jlre s (i p2 (59 (53908 bghd Niiud (S5 (90l (sl 2 (p<+/+0)

Figure 1- The earthworm effect on arginine ammonification in a calcareous soil treated and un-treated with sewage sludge.

NE, without earthworm; EF, E. foetida; AC, A. caliginosa; and EA, mixture of two species. Different letters indicate statistical
significant (Tukey's test at a=0.05). Vertical lines on each column show the mean standard error
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Table 5- Pearson correlation coefficients (r) for the effects of sewage sludge, earthworms and their interactions on the
chemical and microbiological properties of a semi-arid calcareous soil (n=24)

39 9 8 7 6 5 4 3 21
Parameter . . . .
1 066 -0.19% 080  -0.08" 073 097 085 093 1
2 050" -020" 0727 -0.16" 062 095 084 1
3 061" 001™ 079 006" 071 083 1
4 054" 022" 075 -0.16™ 065 1
5 081" 024™ 082 061 1
6 042" 062 0.29™ 1
7 079" 042 1
8 0.25™ 1
9 1

0395 Canms (A) e Bame (3955 (V) coosmolSats i o) (F) c0ogmnlSts i o oo (B) codlil LB (¥) g5 5 (¥) oY) e oIS 0395 (V) igir lompdgs
o)) gmlSaigal ey () g JS (3908 4 ne
Al 3 /) 51 0 e 9 e 5 sinent pstde 4 S5 & 5« S
Description by: (1) total nitrogen, (2) copper, (3) lead, (4) and zinc extracted with DTPA-TEA, (5) nitrification rate, (6) nitrification

percent, (7) mineral nitrogen, (8) mineral nitrogen to total nitrogen ratio, and (9) arginine ammonification.
ns, *, ** and *** are insignificant and significant at 5, 1 and 0.1 percent, respectively.
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Table 6- Effects of sewage sludge application and earthworms inoculation on the nitrification rate (N.R.), nitrification percent
(N.R. (%)) and mineral nitrogen (mineral N). Numbers are Average (n=3) with standard deviation (SD).

Slow N.R.
Treatment

(mg NOs-N kg™ soil week™) (%)

N.R. mineral N
(mg N kg 'soil)

Sewage sludge un-treated soil

NE 2.32+40.3° 0.51140.069° 11.8+2.85¢

EF 5.84+0.3° 1.35£0.127° 26.5+2.87%

AC 4.61£0.3¢ 1.040.048° 17.9+2.57¢

EA 5.4440.5% 1.14+0.088% 19.4+3.0%
Mean 4.56+1.4 1.0+0.33 18.9+6.0

M o gl S
Sewage sludge treated soil

NE 4.83+0.4% 0.483+0.054°  29.5+3.92%

EF 7.6240.2° 0.965+0.012°  30.1£2.35%®

AC 9.4640.4° 1.27+0.110° 34.743.12°

EA 7.72+40.3° 0.991+0.049°  32.0+1.79%®
Mean 7.4141.8 0.926+0.30 31.6+3.2
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NE, without earthworm; EF, E. foetida; AC, A. caliginosa; and EA, mixture of two species. In each column, mean values with
different letters indicate statistical significant (Tukey's test at a=0.05).
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Figure 2- The earthworm effect on mineral nitrogen to total nitrogen ratio in a calcareous soil treated and un-treated with
sewage sludge. NE, without earthworm; EF, E. foetida; AC, A. caliginosa; and EA, mixture of two species. Different letters
indicate statistical significant (Tukey's test at a=0.05). Vertical lines on each column show the mean standard error
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Introduction: Earthworms are among the most important organisms in soil and their activities can be an
indicator of soil quality. These organisms may be influenced by organic wastes application such as sewage
sludge and subsequently affect soil quality. One of the quick and easy methods for soil quality monitoring is the
use of biological indicators such as microbial activity. It is due to their quick response to changes in the
environment. The purpose of this study was to evaluate the effect of earthworms on nitrification rate and
arginine ammonification as microbial activity in a calcareous soil amended with urban sewage sludge.

Materials and Methods: The studied soil was sampled from Shahrekord University land and sewage sludge
belonged to the refinery sludge ponds of shahrekord. Based on dry weight, this organic waste had carbon and
nitrogen, approximately 67 and 110 times more than tested soil, respectively. The organic waste in terms of
quality and heavy metal concentrations was in class A. Experimental treatments were sewage sludge (without
and with 1.5% sewage sludge) and earthworm (no earthworm, Eiseniafoetida from epigeic group,
Allolobophracaliginosa from endogeic group and a mixture of the two species) as 2x4 full factorial experiment
arranged in a completely randomized design with three replications. After applying sewage sludge, the pots were
irrigated three months to achieve a balance in the soil. An adult earthworm per kg of soil was added and in the
mixed treatments comparison species were 1:1. To prevent the exit of earthworms, the pots was closed with a
thin lace. At the end of the experiment, soil was completely mixed. Part of it was stored in the refrigerator to
measure the microbiological parameters. Chemical properties were measured by the air-dried soil. The
effectiveness of a factor in the observed changes is shown by partial effect size (Tabachnick and Fidell 2012).
So, partial effect size (Etazp) for each source of variation (SS, earthworm and SSxearthworm) was calculated.

Results Discussion: According to Eta2p, the role of sewage sludge application to increase total nitrogen was
almost twice the earthworm and had a greater effect on the property. Because of low concentrations of heavy
metals and high nutrient in sewage sludge, it increased nitrification rate and arginine ammonification by 16.7 and
62.5 percent, respectively. Considering that the indices represent microbial biomass activity, so we can say
sewage sludge application increased theri activities. Sewage sludge application increased total nitrogen, because
provided the substrate for heterotrophic bacteria. Consequently, ammonium production improved and stimulated
activity of Nitrosomonas and Nitrobacter. There was a positive and significant correlation between total
nitrogen, arginine ammonification and nitrification rate, that confirmed the occurrence of this process.
Earthworm inoculation affected these two indicators (p<0.001). In the earthworm gut, ammonificators and
nitrificators increased. With application of sewage sludge, A. caliginosa has greater effect than E. foetida. Rising
food source of microbial community in the presence of sewage sludge increased microbial biomass and
subsequently the intensity of A. caliginosa feeding. So, microbial activity was more stimulated. For this reason,
the effect of A. caliginosa on arginine ammonification was more impressive in soil treated with sewage sludge.
Eiseniafoetida and A. caliginosa improved nitrification rate in soil un-treated sewage sludge to the 152 and 97.7
percent, respectively. However, increases in the soil treated sewage sludge were in order 57.7 and 95.8 percent,
repectively. Sewage sludge application decreased earthworm effects on stimulation of the index. The reason for
reducing the influence of earthworms in sewage sludge was the increase of available substrate. As a result, using
the urban sewage sludge decreased the stimulatory effect of earthworms. Because of feeding from the sewage
sludge, this decrease in the presence of Eiseniafoetida (Epigeic) was more tangible. In addition, the interaction of
two species of earthworms was often additive (without interaction).

Conclusion: According to the results, we can say that use of sewage sludge with a composition similar to
what was used in this study, improve microbial activity such as ammonification and nitrification, and finally, soil
nitrogen dynamics. Although earthworm activity also increased the indices, the stimulator of earthworms on
biomarkers in the presence of sewage sludge decreased. This event was due to increasing availablability
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substrates. In addition, sewage sludge application during the study was not alarming of environmental pollution
due to the low concentration of heavy metals. However, it seems that the implemention of a long-term research
is necessary.
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