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Table 1. ANOVA results (mean square values) for the main effects of cadmium pollution, salinity and plant
residue; and their interactions with time (T) for phosphomonoesterase activity (ACP) and invertase (SAC).

Sl Sl 5o sid SLsL

df et
ACP SAC Sources of variations
B S om sl

Between-Subjects Effects

19.57(0.99)

1.817(0.97)

Pollution (P) S5,

36.47(1.00) 2.83"(1.00) 2 Salinity (S) 5%
18077(1.00) 74.7°"(1.00) 1 Residue (R) L
0.55"7(0.85) 0.70"(0.97) 2 PxS
1.80"(0.90) 1.40"(0.97) 1 PxR
2.38"(0.96) 1.58"(0.98) 2 SxR
4.30"(0.98) 1.20"(0.98) 2 PxSxR
0.005 0.001 36 Error s
0.76 0.64 C.V. ()
@ij 053 sla il
Within-Subjects Effects
35777(1.00) 1.78"(1.00) 2 Time (T) ok
0.35"7(0.90) 0.237(0.62) 2 TP
0.52"(0.95) 0.27°(0.79) 4 TxS
0.95"7(0.85) 0.27°(0.95) 2 TxR
0.14(0.91) 0.01%°(0.26) 4 TxPxS
0.08"7(0.96) 0.01%°(0.42) 2 TxPxR
0.44(0.95) 0.03"°(0.79) 4 TxSxR
0.157(0.82) 0.017(0.59) 4 TxPxSxR
0.001 0.001 72 Error (Time) (0b;) U
0.34 0.64 C.V. ()

.6>1ﬂ adf (ol s o5 CV. W P VYA B I P CEM 23 I3 gae f—"é‘i‘ 4o e

*, "™ Significant at 1, 0.1%, respectively. C.V.: coefficient of variation, df: degree of freedom.
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Table 2. The nature of interactions between salinity and Cd pollution on Acid phosphomonoesterase (ACP)
and invertase (SAC). Estimated based on the Bliss independence model in soils untreated (R0) and treated
(R1) with plant residue.

SITAS SITAS SRR e Soss
RI P RO RI oy RO RI e RO Treatment (fias“nmi?‘y)
SAC
+10.1 +9.25 +9.86 +9.86 +11.8 +10.6 S
+7.33 +5.8 +7.62 +6.11 +8.86 +4.71 P
+0.26 +18.3 +1.32 +19.9 +2.33 +20.8 (PS)o
+16.7 +14.0 +16.7 +15.4 +19.7 +14.8 (PS) Ve
0.65 0.66 0.68 0.72 0.44 0.78 Closy,
402 5.35 15 6.86 63.6 11.0 t-statistic
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 p-statistic
ANT SYN ANT SYN ANT SYN Interaction
+4.52 +13.6 +3.17 +14.0 +5.19 +15.2 S
+7.33 +5.8 +7.62 +6.11 +8.86 +4.71 P
+7.59 +22.2 +6.98 +26.1 +7.76 +27.8 (PS)o
+11.5 +18.1 +10.5 +19.2 +13.6 +19.1 (PS) ‘o
0.71 0.80 0.46 0.81 0.50 0.85 Closy,
10.4 7.88 9.13 13.5 13.0 16.1 t-statistic
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 p-statistic
ANT SYN ANT SYN ANT SYN Interaction
ACP
+27.1 +16.0 +34.2 +8.87 +18.9 +5.46 S
+17.6 +12.5 +22.7 +3.63 +10.4 +2.25 P
+30.0 +61.3 +31.8 +46.1 +20.3 +26.3 (PS)o
+39.9 +26.5 +49.2 +12.2 +273 +7.58 (PS) Ve
1.06 2.17 127 2.11 0.97 121 Closy,
16.6 24.1 294 25.6 12.8 214 t-statistic
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 p-statistic
ANT SYN ANT SYN ANT SYN Interaction
+41.9 +27.2 +51.0 +11.5 +23.5 +12.4 S
+17.6 +12.5 +22.7 +3.63 +10.4 +2.25 P
+50.3 +81.2 +53.8 +70.5 +29.4 +41.2 (PS)o
+52.1 +36.3 +62.2 +14.7 +31.5 +14.4 (PS)e 'o
3.15 2.95 0.91 1.15 0.78 0.80 Closy,
128 27.7 203 51.1 3.16 479 t-statistic
<0.001 <0.001 <0.001 0.002 0.009 0.032 p-statistic
ANT SYN ANT SYN ANT SYN Interaction

5 o o dd wim S iie S (PS)p ( Sa 1 5 gisd 0l edaline Szt 5 (PS)o ol w0 ooadl S P Ll 4 ss S S
¢ Interaction .t test Osa3l 43 p st e,ll (two-tail) p statistic s t statistic (hs,s 40 Jloz claw 53 Oliabl 350 Closy, (Sl

{512 55L) ANT 5 (5,03 So2) SYN (S on

S saline soil, P Cd-polluted soil, (PS), the observed effect of salinity and pollution, (PS), the predicted effect of salinity and pollution,
Closy, confidence interval at 95% ; t-statistic student’s t test; p-statistic two-tail p value; SYN synergistic, ANT antagonistic.
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Figure 2. The effect of plant residue, cadmium pollution and salinity on Acid phosphomonoesterase (AC). PO
unpolluted and P1 Cd-polluted (30 mg kg™) soil; SO control, S1 7.5 and S2 15 dS m™'; R0 without plant residue
and R1 with alfalfa residue (1%, w/w). Within each column the means sharing similar lowercase letters do not
have significant differences among treatments at 5% level according to the LSD test. Within each row the
means sharing similar uppercase letters do not have significant differences at 5% level between different
sampling times (30, 60 and 90) at 5% level according to the LSD test.
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Table 3. ANOVA results (mean square values) for the main effects of cadmium pollution, salinity and plant
residue; and their interactions for Substrate Induced Respiration (SIR).
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Figure 3. The effect of plant residue, cadmium pollution and salinity on Substrate Induced Respiration. PO
unpolluted and P1 Cd-polluted (30 mg kg™) soil; SO control, S1 7.5 and S2 15 dS m™'; R0 without plant residue
and R1 with alfalfa residue (1%, w/w). Similar letters indicate no significant differences among treatments at

5% level according to the LSD test.
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Table 4. ANOVA results (mean square values) for the main effects of cadmium pollution, salinity and plant
residue; and their interactions for Calcium (Ca), Magnesium (Mg), Potassium (K) and Sodium concentration

(Na) in soil solution.
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Figure 4. The effect of plant residue, cadmium pollution and salinity on calcium concentration in soil solution.
PO unpolluted and P1 Cd-polluted (30 mg kg™) soil; SO control, S1 7.5 and S2 15 dS m™'; RO without plant
residue and R1 with alfalfa residue (1%, w/w). Similar letters indicate no significant differences among
treatments at 5% level according to the LSD test. The vertical lines shown as standard error.
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Table 5. The nature of interactions between salinity and Cd pollution on Calcium (Ca), Magnesium (Mg),
Potassium (K) and Sodium (Na) concentrations. Estimated based on the Bliss independence model in soils
untreated (R0) and treated (R1) with plant residue.

P e e il s $as
Ak K Me Ca Treatrrklent Salinif]y
RI RO RI RO RI RO RI RO (dSm™)
082 -2.63 +0.19  +0.12 4031 +0.17 +0.23  +0.08 S
-0.18 -0.40 +0.15  +0.01  +0.14  +0.06 +0.08  +0.02 P
-1.78 -1.36 +025  +0.14  +040  +0.29 +0.26  +0.19 (PS)o
114 407 +032  +0.12 4040  +0.22 +029  +0.11 (PS)p
21.7 17.1 115 1.43 1.44 0.83 0.97 1.44 Closos &
-7.23 25.0 9.63 1.84 -0.18 6.42 -6.15 10.8 t-statistic
<0.001  <0.001 <0.001  <0.001  <0.001  <0.001 <0.001  <0.001  p-statistic
ANT SYN ANT SYN  ANT SYN ANT SYN  Interaction
-3.81 -5.95 +030  +023 4048  +0.47 +0.35  +0.36 S
-0.18 -2.63 +0.15  +0.01  +0.14  +0.06 +0.08  +0.02 P
479  -4.63 +035 4033 4055 +0.54 +0.39  +0.39 (PS)o
-4.65 -8.72 +0.41 4023 4056 +0.50 +0.40  +0.38 (PS)»
19.7 233 0.81 1.33 0.71 0.89 0.72 0.84 Closos B
-1.32 19.6 -13.3 7.04 -0.11 3.87 223 2.05 t-statistic
<0.001  <0.001 <0.001  <0.001  <0.001  <0.001 <0.001  <0.001  p-statistic
ANT SYN ANT SYN  ANT SYN ANT SYN  Interaction

5 Gops o ki wim S iie S (PS)p ( Sal 5 gisd 0l edaline S zie 5 (PS)o (ol w0 ooadl S P Ll 4 s S S
¢ Interaction .t test Osa3l 43 p st e,ll (two-tail) p statistic s t statistic (hs,s 40 Jloz claw 53 Oliabl 350 Closy, (Sl

Ll 55L) ANT (L;)bJSV.a) SYN ‘u*s('"‘f

S saline soil, P Cd-polluted soil, (PS), the observed effect of salinity and pollution, (PS), the predicted effect of salinity and
pollution, Clgsy, confidence interval at 95%; t-statistic student’s t test; p-statistic two-tail pvalue; SYN synergistic, ANT antagonistic.
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Figure 5. The effect of plant residue, cadmium pollution and salinity on magnesium concentration in soil
solution. PO unpolluted and P1 Cd-polluted (30 mg kg™) soil; SO control, S1 7.5 and S2 15 dS m™'; RO without
plant residue and R1 with alfalfa residue (1%, w/w). Similar letters indicate no significant differences among
treatments at 5% level according to the LSD test. The vertical lines shown as standard error.
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Figure 6. The effect of plant residue, cadmium pollution and salinity on potasium concentration in soil
solution. PO unpolluted and P1 Cd-polluted (30 mg kg™) soil; SO control, S1 7.5 and S2 15 dS m™'; RO without
plant residue and R1 with alfalfa residue (1%, w/w). Similar letters indicate no significant differences among
treatments at 5% level according to the LSD test. The vertical lines shown as standard error.
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Figure 7. The effect of plant residue, cadmium pollution and salinity on sodium concentration solution. P0
unpolluted and P1 Cd-polluted (30 mg kg™) soil; SO control, S1 7.5 and S2 15 dS m™; R0 without plant residue
and R1 with alfalfa residue (1%, w/w). Similar letters indicate no significant differences among treatments at
5% level according to the LSD test. The vertical lines shown as standard error.
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Abstract

Background and Objectives: Soil, as an important component of terrestrial ecosystems, plant
growth media, and a habitat of diverse living organisms commonly encounters a variety of abiotic
stresses. Soil microorganisms play an important role in maintaining soil quality and functioning,
since they are responsible for the decomposition of dead organic material, nutrient cycling and
degradation of hazardous organic pollutants. Metal toxicity and salinity are the major abiotic stresses
affecting soil microbial activity and community structure in many areas of the world, in particular
arid regions. Salinity may prompt the negative influences of soil pollution on soil microbial activity.
On the other hands, application of organic amendments to saline soils or toxic metal-polluted soils
may alleviate the negative consequences of these two abiotic stresses on soil microbial activity and
population.

Materials and Methods: This study was conducted under controlled laboratory conditions at
Shahrekord University. The aim of this study was to investigate the effects of salinity and plant
residue as an organic amendment on enzyme activity, substrate-induced respirations (SIR), and
concentrations of soluble elements in a calcareous soil polluted with cadmium (Cd) over a
three-month incubation experiment. A factorial experiment with two levels of cadmium (0 and
30 mg kg), three levels of salinity (1.35, 7.5 and 15 dS m™") and plant residue treatments (with and
without alfalfa residue) was conducted using a completely randomized design with four replications.
Using cadmium chloride salt, the soil was contaminated, and subsequently amended with alfalfa
residue (1%, w/w). After thorough mixing of soil and plant residue, salinity treatments were applied
using NacCl salt. To reactivate the microbial population and for the aging effect, soil moisture was set
at 70% of field capacity, and containers were pre-incubated at room temperature for 4 weeks.
The samples were then incubated at 25+1 °C for 98 days.

Results: Increasing salinity levels resulted in a reduction in soil enzyme activity and SIR, and a
decline in the concentrations of soluble Ca, Mg and K. The harmful impact of soil salinity on
microbial properties (about 20% and 50% decline in invertase and phosphomonoesterase activities,
respectively) was much greater in Cd-polluted soils than unpolluted soils.

Conclusion: Results indicated that addition of plant residue reduced the negative impacts of salinity
and Cd pollution stresses on soil microbial and enzyme activity, and that resulted in increases in the
concentrations of water soluble elements. The findings of the current study confirmed that
application of adequate organic amendments can decrease Cd toxicity, enhance substrate availability
and maintain soil microbial and enzyme activity in saline and polluted soils with substrate limitation.
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