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Table 1- Some physical and chemical properties of the soil and manur e used
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Orc: field capacity, Phy: total Pb, Pbac.: accessible Pb (DTPA), OC: organic carbon, and Nt total nitrogen
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Table 2- ANOVA results (mean square values) for the effect of salinity, Pb pollution and manure on soil electrical
conductivity (EC), pH and accessible Pb (Pbacc)

i gl o
Sources of variation df EC pH Phace
Pollution (P) 1 0.223(0.21) 0.003°(0.16) 47.877(0.99)
Salinity (S) 2 210"(0.99) 0.014"**(0.66) 0.391""(0.71)
Pollution (P) 1 8.90""(0.91) 0.366"""(0.96) 0.580"""(0.64)
PxS 2 0.01"%(0.01) 0.001"5(0.09) 0.152""°(0.48)
PxM 1 0.151°(0.15) 0.001"5(0.05) 0.695""(0.68)
SxM 2 0.090°(0.125) 0.002°(0.19) 0.038°(0.19)
PxSxM 3 0.002"(0.01) 0.001°(0.15) 0.188"(0.54)
(Error) s 36 2.30x102 4.14x10* 9.00x103
(#)CV. - 3.22 1.26 5.82
(%) Jsw R? - 99.8 96.4 99.4
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*

The numbers in parentheses indicate the amount of Eta?p { SSeffect/ (SSeffect + SSerror)}. ™, *, ** and ™" indicate non-significance and
significance at levels 5, 1 and 0.1% respectively.
Q Data were normalized
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Figure 1- Theinteraction effect of salinity and manure (A) and Pb pollution and manure (B) on soil electrical conductivity
(EC¢). Means (na=8 and ng=16) followed by the same letter are not significantly (P<0.05) different between salinity, pollution
and manur e levels accor ding tothe LSD’s test. S0, S1 and S2 are control, 4 and 8 dSm-, respectively. PO, control; P1, 30 mg
kg* Pb, MO, control and M 1 with 4% (w/w) manure. Error barsindicate SE of the mean
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Table 3- Theinteraction effect of salinity, Pb pollution and manure on soil pH and accessible Pb

395 sl @ Tolaw 9 Tolaw pH Pbace
Manuretreatment (%)  Pb levels (mg kg %) Salinity levels (dSm™) (mgkg™)
S9 355 (g 0 Control 7.53+0.008G  1.240.05F
Without cow manure 4 7.56x0.015EF 1.47+0.05E
8 7.57+0.006EF  1.56+0.07E
30 Control 7.54+0.007FG  12.07+0.39B
4 7.55+0.017FG  12.79+0.39B
8 7.58+0.011E 15.01+0.43A
S92 L 0 Control 7.70£0.006D  1.46+0.07E
With cow manure 4 7.73+0.013C 1.42+0.02E
8 7.74+£0.008BC  1.48+0.12E
30 Control 7.69+0.006D 5.34+0.37D
4 7.77+£0.133C  9.41+0.07C
8 7.79+0.004A 11.70+0.74B

LSD cynil obolyr 5315 355 5 (5390 539 Clisio g o )2 aita By s (N5) boSiben 2l o (SE) il (sl ol oty (1Y) (ks
(P>+/+0) L5l Hl> gxe iglis
The numbers are mean with standard error (SE). Means (n=4) followed by the same letter are not significantly between salinity,
pollution and cow manure levels according to the L SD test (P<0.05)
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Figure 2- Theinteraction effect of Pb pollution and manure (A) and salinity and manure (B) on the number of adult worms
in pot. Means (na=8 and ng=16) followed by the same letter are not significantly (P<0.05) different between salinity, pollution

and manur e levels accor ding to the LSD’ test. SO, S1 and S2 are control, 4 and 8 dSm-2, respectively. PO, control; P1, 30 mg
kg* Pb, MO, control and M 1 with 4% (w/w) cow manure. Error barsindicate SE of the mean
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Table 5- Theinteraction effect of salinity, Pb pollution and cow manur e on earthworm population, wet and dry weights of
earthworm and wet and dry weights of earthworm cast

o T g o T gl
Sy o Pb levels (mg kg 1) Pb levels (mg kg )
Salinity treatment 0 30 0 30
(dSm™) 98 355 (g &9 255 L
Without cow manure With cow manure
OB o SB e S Cmaxr
Earthworm population in pot
Control 14.0+£0.40F 11.8+0.47G 117+6.70A 101+0.62B
4 10.3+0.25H 9.3+0.25H 58.0+2.08D 72.0+2.67C
8 7.00£1.75I 5.7£0.237 45.2+1.79E 49.8+2.17E
SB lop S ogb e o
Earthworm wet weight (g pot™)
Control 1.00+£0.01F 0.93+0.01GH 4.84+0.06A 4.73+0.03A
4 0.97+0.01FG  0.92+0.01GH 3.74+0.08D 4.43+0.13B
8 0.91+0.03H 0.72+0.01I 2.49+0.04E 3.96+0.09C
SB slep S Sis o
Earthworm dry weight (g pot™)
Control 0.14+0.001E  0.13+0.001FG 0.78+0.005A 0.74+0.005AB
4 0.14+0.002EF 0.13+0.007 GH 0.60+0.008C 0.71+0.016B
8 0.12+0.002H  0.11+0.001l 0.38+£0.006D 0.74+0.021AB
sk e Y 9d8 (9
Cast wet weight (g pot?)
Control 13.57+0.2E 13.32+0.2E 43.67+0.4A 42.43+1.4A
4 13.45+0.1E 11.77+0.2F 28.54+0.5C 34.45+0.5B
8 11.83+0.1F 11.18+0.2G 22.62+0.1D 27.19+0.4C
Suid oYgad
Cast dry weight (g pot™)
Control 11.79+0.1F 11.55+0.1F 35.52+0.4A 34.03t1.4A
4 11.38+0.1FG  10.75+0.1H 24.36+£0.3C 27.11+0.5B
8 10.93+0.1GH  10.63+0.3H 19.32+0.6E 20.93+0.4D

Sglis LSD (9051 bl (698 365 5 (591 c(6y9 ilisrn prglaw oy liie GBgy> b (NTF) Lo uSilie il s (SE) 5 kil (slas ol yorrdy (N17F) :Sikie dlas]
(P>+/+0) 1)) 5 xo
The numbers are mean with standard error (SE). Means (n=4) followed by the same | etter are not significantly (P<0.05) different
between salinity, pollution and cow manure levels according to the LSD’s test
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Table 6- The nature of interaction effect of salinity and Pb pollution on population, weight and activity of the earthworm E.

fetida
e Manu‘rseatia;r:;t (%)

Treatment —5 4 0 4 0 4 0 4 0 4
Copnor gbye 0 S Y 9ab osbye (i Y gl S (s
population Wet weight Dry weight Cast wet weight Cast dry weight
S1 0.27 0.51 0.03 0.23 0.03 0.23 0.01 0.03 0.03 031
P 0.16 0.13 0.07 0.02 0.07 0.04 0.02 0.35 0.02 0.04
(Yoo 0.34 0.39 0.08 0.09 0.08 0.08 0.13 0.21 0.09 0.24
(Ys)p 0.39 0.57 0.10 0.24 0.09 0.26 0.03 0.36 0.05 0.34
t statistics ~ -1.72 -6.45 -3.72 -5.04 0.54 -7.62 4.20 -4.62 1.65 -2.79
pvaue p>0.05 p<0.001 p>0.05 p<0.01 p>0.05 p<0.001 p<0.01 p<0.01 p>0.05 p<0.05
Closo 0.057 0.073 0.022 0.088 0.017 0.068 0.042 0.035 0.037  0.059
Interaction ~ ADD ANT ADD  ANT ADD ANT SYN ANT ADD  ANT
S2 0.50 0.61 0.09 0.49 0.12 0.51 0.13 0.48 0.07 0.46
P 0.16 0.13 0.07 0.02 0.07 0.04 0.02 0.03 0.02 0.04
(Yo 0.60 0.58 0.28 0.18 0.18 0.05 0.18 0.38 0.10 0.41
(Yo)p 0.58 0.67 0.15 0.50 0.18 0.53 0.14 0.50 0.09 0.48
t statistics  -1.31 -2.22 4.47 -1.03 -1.33 -16.62 0.42 -6.39 0.09 -2.13
pvaue p>0.05 p<0.05 p<0.01 p<0.01 p>0.05 p<0.001 p>0.05 p<0.001 p>0.05 p<0.05
Closo 0.054 0.059 0.033  0.058 0.089 0.087 0.054 0.031 0.084 0.37
Interaction  ADD ANT SYN ANT ADD ANT ADD ANT ADD  ANT

)

oy 2,59l 3 pyS o Yo S0Py p uiesjod A 9 ¥ (5y9 gobaw S2 9 S1 (1R =L) A (INhibitory ratio) (S.,lajh cuud Jgao 505 dlacl
6312)S ot [SYN (513,850 AANT ((I38l0n) Liliie 51 90 :ADD ¢ jiiSen ys g :Interaction «luab! as :Closys c0dds (gim s 51 (Y p)p coddbosnliin 51 (Y g)o

bl=nk—troatmeont

The numbers are nhibitory ratio (L = ————————) S1and 2 are4 and 8 dSm™; P, 30 mg kg™ Pb; (¥ s5)o: observed
effect; (Ys)p: predicted effect; Close: confidence interval; ADD: Additive; ANT: Antagonism and SYN: Synergism
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Introduction: Salinity and pollution are two environmental stresses that individually influence the
population, growth and activity of earthworms as soil bioengineers. It is well-known that the population and
activity of these organisms are mostly reduced or even their activity and growth can be stopped in polluted and
sdline soils. The individual effects of these abiotic stresses on earthworms, however, depend on the level of
salinity, pollution and organic matter. Nonetheless, the joint or combined effect of these stresses on earthworms,
especialy in arid and semi-arid areas, is poorly known. Because of the importance of earthworms in soil
ecosystem, the study of salinity and pollution interactions on earthworm population and activity to reduce their
detrimental effects using organic materials is essential. The aim of this study was to examine how salinity and
lead (Pb) stresses simultaneously affect the earthworms in soil ecosystem.

Materials and Methods: In this research, the interaction effect of salinity stress using sodium chloride
(NaCl) and Pb stress using lead nitrate (PbNO3) on the population, weight and activity of the earthworm Eisenia
fetida was studied under greenhouse conditions. This factorial experiment was carried out using 3 factors,
including Pb pollution (control and 30 mg kg? Pb), salinity (control, 4 and 8 dS m*) and cow manure (control
and 4% by weight) arranged in a completely randomized design with four replicates. The experiment lasted 13
weeks and earthworm’s population and activity including the number of adult worms, total earthworms, wet and
dry weights, and wet and dry weights of casts produced by earthworm were measured at the end of the
experiment. Concentration of DTPA (di-ethylene-triamine-pentaacetic acid) extractable Pb was also determined
to assess how salinity influences the accessibility of this metal in the soil. The Fisher’s least significant
difference test was used to determine the significance of any difference between the means values at 5% level
with the STATISTICA 8 software. The Bliss Independence Model was used to determine the type of interaction
between salinity and Pb pollution for each manure treatment.

Results and Discussion: The current results showed that increasing salinity level enhanced the accessibility
of Pb and subsequently its toxicity for earthworms. In contrast, addition of cow manure reduced the accessibility
of Pb by 22-50% at all sdlinity levels. Earthworm population, wet and dry body weights, and wet and dry
weights of casts produced by worms were all significantly (p<0.05) influenced by the interaction of salinity, Pb
pollution and manure application. Earthworm characteristics in Pb-polluted soils had the lowest values in the
presence of 8 dS m? salinity. Compared with the control, earthworm population tended to decline by 59%, wet
weight by 28%, dry weight by 18%, cast wet weight by 18% and cast dry weight by 10% in Pb-polluted soils
spiked with the highest salinity level. However, a reverse trend was observed with addition of cow manure, and
the effect of salinity was greater in polluted than unpolluted treatments. In polluted soils amended with cow
manure, 8 dS m! salinity reduced earthworm population (57%), wet weight (18%), and cast wet (38%) and dry
(41%) weights compared with non-saline soils. The nature of interaction between salinity and Pb pollution on
earthworm characteristics was often additive or synergistic in the absence of cow manure, but antagonism in the
presence of cow manure. Manure addition to this calcareous soil reduced to a large extent the harmful effect of
Pb pollution and soil salinization on survival of adult earthworms.

Conclusions: The earthworm species E. fetida was very sensitive to the interaction between salinity and Pb
stresses. The harmful effect of Pb pollution on earthworm depended largely on the salinity level and manure
addition. Salinity could synergistically increase the mobility, bio-availability and toxicity of soil Pb. Polluted and
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saline environments have a great potential to damage this earthworm species, however, manure addition could
reduce the positive interaction of salinity and pollution on E. fetida, and improve its population and activity. It is
concluded that the type of interaction between salinity and Pb pollution on E. fetida was additive or synergism in
manure-unamended soils, but was changed to antagonism in manure-amended soils.
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