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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 soil available cadmium (Cdava), microbial biomass C (MBC), microbial respiration rate
(MRR) and specific respiratory quotient (qCO2)

Oyt o gf TR B el (955 o3 () (90 AT S ol 09 0 8
Sources of variation Cdava. MBC MRR gCO2
29 o Sl 1
Between-Subjects Effects
Pollution (P) 1 24.2""(1.00) 19901*(0.88) 21.6""(1.00) 28577(0.97)
Salinity (S) 2 0.68"(0.99) 30751"(1.00) 18.8"7(1.00) 1036™(0.99)
Residue (R) 1 4.74™(1.00) 170693""(1.00) 172""(1.00) 87677(0.99)
PxS 2 0.31(0.99) 423"7(0.96) 0.08"(0.93) 30577(0.98)
PxR 1 2.8177(1.00) 0.42"*(0.01) 0.58"*(0.98) 392"(0.96)
SxR 2 0.001"(0.06) 1499"*(0.99) 0.26"(0.98) 705"(0.99)
PxSxR 2 0.01"(0.71) 340"(0.95) 1.3177(1.00) 19.3"(0.80)
(Error) s 36 25x10°° 0.92 3x10* 0.26
C.V.(%) 2.71 1.01 0.52 1.44
2)5 09y e &l
Within-Subjects Effects
Time (T) 2 0.053""(0.89) 73096"(1.00) 214™7(1.00) 3115%(0.99)
TxP 2 0.0557(0.89) 520"**(0.95) 1.36™(0.99) 71817(0.64)
TxS 4 0.008™(0.71) 1053"*%(0.99) 3.737(1.00) 134™(0.87)
TxR 2 0.0047(0.35) 10569"*(1.00) 21.87(1.00) 199™(0.83)
TxPxS 4 0.007"(0.69) 136™(0.91) 0.04*(0.84) 16.2"*(0.45)
TxPxR 2 0.0047(0.35) 532"*(0.96) 0.177(0.92) 55.9"*(0.58)
TxSxR 4 0.007""(0.68) 3797(0.97) 0.25"(0.97) 155™%(0.88)
TxPxSxR 4 0.006"(0.67) 76.37(0.86) 0.337"(1.98) 2.267(0.10)
Error (Time) 72 18x10° 0.70 4x104 0.70
C.V. (%) 2.31 0.88 0.63 0.88

oy (CV.) sibe doy> /Y O grhows )3yl ime g 0 iyl pogie & a4 ™™ ** * M 13l o (SSeffect! (SSettect + SSerror)) (35> Eta? swimalis 5l S50 slael

The numbers in parentheses represent the partial Eta? ((SSefrect / SSefrect) + SSerror) @S @ measure of the effect size; "
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significant at 5, 1, 0.1%, respectively. C.V. coefficient of variation
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non-significant and
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Table 2- The effect of plant residue, cadmium pollution and salinity on soil available cadmium (Cdava.) concentration.
Values are mean (n = 4) with standard error (SE) of the mean

LS bl o3l Sogw (595) 8512 5905 (ylo;
Plant residue Pollution  Salinity Sampling time (day)
(mg kg?) (dSm?) 30 60 90
1.35 0.16+0.003A 0.15+0.004Ai 0.16+0.006A
0 7.5 0.21+0.0054" 0.2140.011An 0.21+0.012A
2L bl e 15 0.28+0.006A9 0.27+0.006"9 0.26+0.006"9
Without plant residue 1.35 1.12+0.0058¢ 1.07+0.006%¢ 1.15+0.0114¢
30 75 1.28+0.006¢P 1.31+0.005¢P 1.40+0.011A°
15 1.41+0.00982 1.48+0.00542 1.57+0.007¢2
1.35 0.11+0.004A 0.11+0.0034% 0.11+0.0054k
0 7.5 0.12+0.006A 0.12+0.003A 0.13+0.004A
2L bl b 15 0.16+0.002A 0.14+0.005C1 0.15+0.004A
With plant residue 30 1.35 0.40+0.009¢f 0.44+0.006°f 0.5040.013Af
75 0.52+0.002¢¢ 0.73+0.006B¢ 0.84+0.009%¢
15 0.85+0.0078d 0.84+0.0098d 0.91+0.011Ad

2 LSD yg0j] ool 2 bojloss (e duoyd B g 3 I3 sime V] 336 cliin (S s g (6l baysSilyo cygies o 5o
At LSD (901 ol calisce (slavyloj omm 2o yd O gaws )3 I5 ze W3] 4316 caliin 53 gy (ol oSl iy y
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 at 5%

level according to the LSD test

GBS )3 (ualy Jibwo W3las (polusl 2 038 dgmslona (Cllava) i B eodls CBLE 2 (S99 (55908 ilite 151 £95 Capplo =¥ Jgo
LS S L (R1) oad los 5 (RO) 00k Lo

Table 3- The nature of interactions between salinity and Cd pollution on concentration of soil available Cd in soils untreated
(RO) and treated (R1) with plant residue determined on the basis of the Bliss independence model

Loy s (30 days) ;9, ¥+ (60 days) 39,1+ (90 days) 39,4+
(Sdas"m_t}; Treatment RO R1 RO R1 RO R1

S +36.8 +13.4 +36.4  +19.4 +31.2  +195

P +616 +260 +596 +309 +618 +351

(PS)o +718 +365 +754 +584 +773 +669

75 (PS)e +879 +308 +849 +389 +842 +439

' Close 13.6 8.35 12.1 19.4 21.2 25.6
t-statistic 175 26.9 11.4 35.7 8.09 234

p-statistic  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Interaction ~ SYN ANT SYN ANT SYN ANT

S +74.1  +40.4 +72.6 +36.4 +62.7  +38.3

P +616 +260 +596 +309 +618 +351

(PS)o +800 +666 +865 +692 +876 +733

15 (PS)e +1146  +406 +1101  +458 +1069  +523
Closw 15.7 20.9 9.79 245 145 314

t-statistic 12.8 54.1 419 32.7 22.0 46.0

p-statistic  <0.001  <0.001 <0.001 <0.001 0.001 <0.001
Interaction SYN ANT SYN ANT SYN ANT

A0 Jloss] o y3 yluabol 3935 Claso < S5 g ()95 o st S sz 1 (PS)p (539 5 (690 01 osmlie S yiio 1 (PS)o ¢ olos 4 0391 S P olos 4 90 S-S
(c5))5,55L) ANT 4 ()5S wa) SYN ( Llize 5l g4 Interaction & test oge51 5 P gt o,lel (two-tail) p statistic 4 t statistic o)

S saline soil, P Cd-polluted soil, (PS)o the observed effect of salinity and pollution, (PS)e the predicted effect of salinity and pollution, Clgsy,
confidence interval at 95%; t-statistic student’s t test; p-statistic two-tail p value; SYN synergistic, ANT antagonistic
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Table 4- The effect of plant residue, cadmium pollution and salinity on soil microbial biomass carbon (MBC) content,
microbial respiration rate (MRR) and specific respiratory quotient (qCOz). Values are mean (n = 4) with standard error (SE)

of the mean
2l Ll vy S (595) 8512 5905 (ylo;
Plant residue  Pollution  Salinity Sampling time (day)
(mg kgl) (dS m?) 30 60 90
(29,50 03§} (32)S
MBC (mg kg?)
Sbla g 1.35 139:0.3249 82.9+0.315f 58.3+0.40C9
s 0 75 106+0.4171 60.2+0.51Bh 52.0+0.98Ch
B 15 76.0£0.194 38.7+0.2868 38.0+0.386
Without plant 135 118+0.36A 73.1+0.48B9 53.0£0.47Ch
residue 30 75 61.0+0.21Ak 35.4+0.388i 36.0:+0.148i
15 32.5:0.31A 16.7+0.088k 14.5+0.298k
ol bl | 1.35 227+0.45°2 171+0.9582 115+0.42¢2
With plant 0 75 191+0.454¢ 109+0.3484 71.8+0.34¢d
residue 15 176+0.27Ad 126+0.738¢ 83.4+0.79¢¢
1.35 208+0.374b 141+0.408° 95.7+0.39C0
30 75 163+0.124¢ 89.4+0.528¢ 64.7+0.44Ce
15 158+0.34A 83.4+0.315f 56.4+0.28¢f
(2925 S ey
MRR (mg kg day™?)
Sbla g 1.35 5.38+0.006% 2.390.005% 1.59+0.006%
s 0 75 4.360.028A 1.90+0.0068 1.28+0.051C
et 15 3.36+0.007A 1.78+0.0078 1.15+0.009C
Without plant 135 521+0.008% 2.15+0.005¢" 1.37+0.012¢h
residue 30 75 2.92+0.0074% 1.23+0.0098 0.90+0.002¢
15 2.05+0.008A! 1.03+0.0048 0.52+0.004°
ol bl | 1.35 9.65+0.008% 4.7620.05082 2.55+0.050C2
With plant 0 75 7.62+0.007A¢ 4.12+0.0048b 2.43+0.004P
residue 15 7.21+0.008Ad 3.46+0.02184 2.20+0.006°¢
1.35 7.78+0.00420 3.53+0.0138¢ 2.05+0.010°¢
30 75 6.63+0.008%¢ 2.85+0.0048¢ 2.02+0.004°¢
15 6.41+0.006Af 2.81+0.0208f 1.81+0.008¢f
(RS 0329 Gy
qCO2 (ug CO2-C mgt MBC day™)
Ll o 0 1.35 38.8+0.067¢ 29.0+0.0789 27.4+0.17¢¢
s 75 41.2+0.32%¢ 31.6+0.268f 24.8+0.44ch
s 15 44.4+0.218¢ 45.9+0.4420 30.5+0.32C¢
Wltrg:gﬂam 30 1.35 44.4+0.15A¢ 29.5+0.2289 26.1+0.23C9
75 48.2+0.2240 34.8+0.458¢ 25.0+£0.03¢h
15 63.1+0.4742 61.8+0.414a 35.8+0.52C2
ol bl | 0 1.35 42.5+0.11Ad 27.8+0.13Bh 22.2+0.08C
With plant 75 39.8+0.10Af 38.0+0.13B¢ 33.8+0.13¢0
residue 15 40.9+0.04%¢ 27.5+0.25°" 26.4+0.27%
30 1.35 37.40.09A" 25.1+0.0668 21.5+0.17C
75 40.8+0.07%¢ 31.8+0.218f 31.2+0.228¢
15 40.7+0.12%¢ 33.7+0.358¢ 32.3+0.23Cc

2 LSD (y9051 (bl o jlos (s 2o yd O grdans 3yl jize M5 1316 cavlive SorgS gy syl (slacySilie gy 5
2z LSD (y9051 (bl iliises (slagyloj o o yd O prbanw ) 5l jize M5 1816 casliie 530 By > (sl (sl ko cisd) jo

Within each column the means sharing similar lowercase letters do not have significant differences among treatments at 5% level according to the

Within each row the means sharing similar uppercase letters do not have significant differences at 5% level between different sampling times at 5%

LSD test

level according to the LSD test
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Table 5- The nature of interactions between salinity and Cd pollution on soil microbial biomass carbon (MBC) content and

microbial respiration rate (MRR) in soils untreated (R0) and treated (R1) with plant residue determined on the basis of the
Bliss independence model

Koy Jos (30 days) ;9, ¥+ (60 days) ;9,1 (90 days) 39,4+
(Sdasl'm_t}; Treatment RO R1 RO R1 RO R1
950 03P ; ()5
MBC

S -23.5 -15.8 -27.3 -36.6 -10.8 -37.5

P -15.2 -8.52 -11.7 -17.9 -9.43 -16.7

(PS)o 561 -225 572  -265 382 274

. (PS)e 351 -229 -358  -48.0 192 -479

' Closy 0.47 0.38 2.00 3.86 1.50 2.18
t-statistic 45.1 -0.90 15.8 -24.6 7.93 -30.8
p-statistic  <0.001 0.42 <0.001 <0.001 <0.001 <0.001
Interaction SYN ADD SYN ANT SYN ANT

S -45.4 -28.5 -53.3 -47.8 -34.8 -43.7

P -15.2 -8.52 -11.7 -17.9 -9.43 -16.7

(PS)o 765  -306 798  -513 751 -50.9

15 (PS)r 537  -346 588  -57.2 410  -53.1

Closw 0.71 0.48 0.32 3.09 1.56 0.76

t-statistic 89.2 -18.2 20.6 -3.06 42.2 -3.06

p-statistic  <0.001 <0.001 <0.001 0.04 <0.001 0.04
Interaction SYN ANT SYN ANT SYN ANT

(90 S 8y
MRR

S -18.8 -21.0 -20.5 -13.4 -19.2 -4.83

P -3.12 -19.4 -9.95 -25.8 -13.7 -19.5

(PS)o 456  -253 485  -27.3 436  -136

75 (PS)p -21.4 -36.3 -28.4 -35.7 -30.3 -23.4

' Closw 0.37 0.33 1.12 1.58 0.59 0.75
t-statistic 38,5 -66.9 38.3 -12.0 16.3 -19.1
p-statistic  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Interaction SYN ANT SYN ANT SYN ANT

S -37.6 -31.2 -25.9 -40.2 -27.5 -20.9

15 P -3.12 -19.4 -9.95 -25.8 -13.7 -19.5
(PS)o 619  -336 570  -41.1 675  -287

(PS)p -39.5 -44.6 -33.3 -55.6 -37.4 -36.3

Closy 0.47 0.21 0.59 1.37 0.96 1.15

t-statistic 715 -106 45.8 -38.8 65.6 -12.7
p-statistic  <0.001  <0.001 <0.001 <0.001 <0.001 <0.001
Interaction SYN ANT SYN ANT SYN ANT

A0 Jloss! o y3 yluabol 3935 Claso < S91 g ()95 0 st S sz 3 (PS)p (539 5 (690 01 osmlive S jiin 51 (PS)o ¢ 2los 4 0391 S P plos 4 9 S-S
(Jizune) ADD 5 (6 )5,85L) ANT ()b, wa) SYN ¢ blize 1 ¢4 Interaction & test oyse5l ;o P ot o)Ll (two-tail) p statistics , t statistics .o,

S saline soil, P Cd-polluted soil, (PS)O the observed effect of salinity and pollution, (PS)e the predicted effect of salinity and pollution, C195%
confidence interval at 95%; t-statistic student’s t test; p-statistic two-tail p value; SYN synergistic, ANT antagonistic, ADD additive
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Figure 1- The patterns of cumulative carbon (C) mineralization at different levels of salinity and cadmium in soils untreated
(a) and treated (b) with plant residue (n=4). PO unpolluted and P1 Cd-polluted (30 mg kg!) soil; SO control, S1 7.5 and S2 15
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Figure 2- The effect of plant residue, cadmium pollution and salinity on total cumulative respiration. 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%,

wi/w). similar letters do not have significant differences among treatments at 5% level according to the LSD test.The vertical
lines shown as standard error
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Table 6- The nature of interactions between salinity and Cd pollution on specific respiratory quotient (qCOz). estimated
based on the Bliss independence model in soils untreated (RO) and treated (R1) with plant residue

g o (30 days) 39, ¥+ (60 days) 39, (90 days) 39,4+
?dasl”;:_t}; Treatment RO R1 RO R1 RO R1
(S 0319 G b
qCO2
S 235  -6.23 273 +36.6 2109 +52.2
P 152 -11.9 117 -9.60 943 332
(PS)o 561  -3.65 572 -1.08 382 +19.0
(PS)p 352 -174 359  +235 1193 +47.1
7.5 Closo 048 032 200 284 150  3.87
t-statistic  58.7  -38.7 114 521 113  -256
p-statistic  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Interaction SYN ANT SYN SYN SYN SYN
S 454  -3.86 533 +14.6 349  +40.6
P 152 -11.9 117 -9.60 943 332
(PS)o 765  -4.21 799 +21.0 751  +453
(PS)p 537  -15.3 588  +3.61 410  +359
15 Closs 071 091 032 403 157 330
t-statistic 842  -337 223 -121 51.2  2.37
p-statistic  <0.001 <0.001 <0.001 0.271 <0.001 0.055
Interaction  SYN  ANT SYN  ADD SYN  ADD

A0 Jloss! g )3 ylialol 3935 Claso < 5901 g ()95 005 st S sz 3l (PS)p ( 539 5 (590 01 osmliie S e 51 (PS)o ¢ los 4 0391 S P olas 4 90 S-S
(J&ue) ADD g (cs5l5,85L) ANT ((()15,8 wn) SYN « blize il ¢4 INteraction & test 4051 ;5 P gt o,ll (two-tail) p value , t statistics «s,»

S saline soil, P Cd-polluted soil, (PS)o the observed effect of salinity and pollution, (PS)e the predicted effect of salinity and pollution, Clgs,
confidence interval at 95%; t-statistic student’s t test; p-statistic two-tail p value; SYN synergistic, ANT antagonistic, ADD additive

BBl g Ll ST (2950 035w ()5 9 ) (2955w
Gl 5 sl (Sogl 1551 it (6ypb (AT 5 Sluogal
peedlS (oplicinj 5 calMo Julidl G (6)98 (2LS L
9 (950 0395 Cumun ) g (il ply (IS 01133l yobo 4y g S
Sl o ol ccsb ol on ) S it 0y o pd i8]
Lo i e ol 0l o el ol cbliy 5938l &8 ol
9 Sa9-b Sy 31 > e 405 SB 3 (591 g 5594)
sob do g oals alS Lla b ond jlos S 5ol
e LS sl yod 5 o9l claS )3 T slge a8
ol Ly g o 2900 5 0 5l (30 G g ol LB oredlS
&l I olge 5135,5 o dlgiii 11 295 o SB 9,500 cllad

g o3l jgu 03¢l sl SE  g,Sue cullad g by dgup

S qCO2 4o syl mine 9 gliio sl ST oslo o)l
iz 3051 s sl ahslbes ) Jols gl (5 Jpis) sy
5 2LS GLle L oad jlos S8 9C02 2 (Sl 5 5y90
= OsewligSl pow g pgd olo (b sto y utonj 03 VIO (59
2 o F Joiz) 39 3500 gl el (b Jg s)b)S
Jolels (b Syiio )31 (ol pte o uionj s VO ()95
Jsi2) 250 J&iws pows g pgd (slole (b g (450,55 (y5pmslisS]
(r==/0Y P</+V) Jls ine g Csto (Siumod inlojl oyl 5 (5
5 oaalie CO7 5 s LB puedlS oy

g (g5 Al

u_.o.ml)s Cngj g S o0 NaCl ;I u‘“’b g sls ol @L.:
Elogad py SI5,I5k 3l ole] S3gl 5 oy L5 43,5



\PYY boyw..\.v)suu.u ‘u» Jals wé'fﬁwow ‘;05.‘15‘5)9.& J:U.‘S.n J.”

Dgus oo YIS g (S1)a8 i &3l 35wl

o=l Jle slacoles b 458 0 oKl jl alawg pa

&l

1- Abbaspour A., Kalbasi K., and Hajrasuliha S. 2008. Effect of organic matter and salinity on
ethylenediaminetetraacetic acid-extractable and solution species of cadmium and lead in three agricultural soils.
Communications in Soil Science and Plant Analysis, 39:7-8.

2- Acosta J.A., Jansen B., Kalbitz K., Faz A., and Martinez S. 2011. Salinity increases mobility of heavy metals in soils.
Chemosphere, 85:1318-1324.

3- Aghababaei F., Raiesi F., and Hosseinpur A. 2014. The combined effects of earthworms and arbuscular mycorrhizal
fungi on microbial biomass and enzyme activities in a calcareous soil spiked with cadmium. Applied Soil Ecology,
75:33-42.

4- Anderson J.P.E. 1982. Soil respiration. p.831-871. In: A.L. Page, R.H. Miller. (Eds.). Methods of Soil Analysis Part
2. Chemical and Microbiological Properties. ASA, Madison, WI.

5- Anderson T.H., and Domsch K.H. 1993. The metabolic quotient for CO, (qCOy) as a specific activity parameter to
assess the effects of environmental conditions, such as pH, on the microbial biomass of forest soils. Soil Biology
and Biochemistry, 25:393-395.

6- Chowdhury N., Marschner P., and Burns R.G. 2011. Soil microbial activity and community composition: impact of
changes in matric and osmotic potential. Soil Biology and Biochemistry, 43:1229-1236.

7- Dai J., Becquer T., Rouiller J.H., Reversat G., Bernhard-Reversat F., and Lavelle P. 2004. Influence of heavy metals
on C and N mineralization and microbial biomass in Zn-, Pb-, Cu-, and Cd-contaminated soils. Applied Soil
Ecology, 25:99-1009.

8- Dilly O., and Munch J.C. 1996. Microbial biomass content, basal respiration and enzyme activities during the course
of decomposition of leaf litter in a black alder (Alnus glutinosa (L.) Gaertn) forest. Soil Biology and Biochemistry,
28:1073-1081.

9- Effron D., Horra A.M., Defrieri R.L., Fontanive V., and Palma R.M. 2004. Effect of cadmium, copper and lead on
different enzyme activities in a native forest soil. Communications in Soil Science and Plant Analysis, 35:1309-
1321.

10- Elgharabli A., and Marschner P. 2011. Microbial activity and biomass and N and P availability in a saline sandy
loam amended with inorganic nitrogen and lupin residues. European Journal of Soil Biology, 47:310-315.

11- Herrick J.E. 2000. Soil quality: an indicator of sustainable land management. Applied Soil Ecology, 15:75-83.

12- Koizumi Y., and lwami S. 2014. Mathematical modeling of multi-drugs therapy: a challenge for determining the
optimal combinations of antiviral drugs. Theoretical Biology and Medical Modelling, 41:1-9.

13- Landi L., Renella G., Moreno J.L., Falchini L., and Nannipieri P. 2000. Influence of cadmium on the metabolic
quotient, L-:D-glutamic acid respiration ratio and enzyme activity: microbial biomass ratio under laboratory
conditions. Biology and Fertility of Soils, 32:8-16.

14- Lindsay W.L., and Norvell W.A. 1987. Development of a DTPA soil test for zinc, iron, manganese and copper. Soil
Science Society of America Journal, 42:421-428.

15- Madrid F., Lopez R., and Cabera F. 2007. Metal accumulation in soil after application of municipal solid waste
compost under intensive farming condition. Agriculture, Ecosystems and Environment, 119:249-256.

16- Melero S., Madejon E., Ruiz J.C., and Herencia J.F. 2007. Chemical and biochemical properties of a clay soil under
dryland agriculture system as affected by organic fertilization. European Journal of Agronomy, 26:327-334.

17- Moreno J.L., Hernandez T., Perez A., and Garcia C. 2002. Toxicity of cadmium to soil microbial activity: effect of
sewage sludge addition to soil on the ecological dose. Applied Soil Ecology, 21:149-158.

18- Muhling K.H., and Lauchli A. 2003. Interaction of NaCl and Cd stress on compartmentation pattern of cations,
antioxidant enzymes and proteins in leaves of two wheat genotypes differing in salt tolerance. Plant and Soil,
253:219-231.

19- Raiesi F. 2007. The conversion of overgrazed pastures to almond orchards and alfalfa cropping system may favor
microbial indicators of soil quality in central Iran. Agriculture, Ecosystems and Environment, 121:309-318.

20- Rasul G., Appuhn A., Muller T., Joergensen R.G. 2006. Salinity-induced changes in the microbial use of sugarcane
filter cake added to soil. Applied Soil Ecology, 31:1-10.

21- Rietz D.N., and Haynes R.J. 2003. Effects of irrigation-induced salinity and sodicity on soil microbial activity. Soil
Biology and Biochemistry, 35:845-854.

22- Shentu J.L., He Z.L., Yang X.E., and Li T.Q. 2008. Microbial activity and community diversity in a variable charge
soil as affected by cadmium exposure levels and time. Journal Zhejiang University Science B, 9:250-260.

23- Tejada M., Garcia C., Gonzalez J.L., and Hernandez M.T. 2006. Use of organic amendment as a strategy for saline



VAP sl — cpod F oyl F) als (S g ol 4 a5 VAYY

soil remediation: influence on the physical, chemical and biological properties of soil. Soil Biology and
Biochemistry, 38:1413-1421.

24- Tejada M., Gonzalez J.L., Garcia-Martinez A.M., and Parrado J. 2008. Effect of different green manures on soil
biological properties and maize yield. Bioresource Technology, 99:1758-1767.

25- Thomas E.Y., Omueti J.A.l., and Ogundayomi O. 2012. The Effect of phosphate fertilizer on heavy metal in soils
and Amaranthus caudatus. Agriculture and Biology Journal of North America, 3:145-149.

26- Tripathi S., Kumari S., Chakraborty A., Gupta A., Chakrabarti K., and Bandyapadhyay B.K. 2006. Microbial
biomass and its activities in salt-affected coastal soils. Biology and Fertility of Soils, 42:273-277.

27- Usman A.R.A. 2015. Influence of NaCl-induced salinity and Cd toxicity on respiration activity and Cd availability
to barley plants in farmyard manure-amended soil. Applied and Environmental Soil Science, (doi:
http://dx.doi.org/10.1155/2015/483836).

28- Usman A.R.A., Kuzyakov Y., and Stahrk L.A. 2005. Effect of immobilizing substances and salinity on heavy
metals availability to wheat grown on sewage sludge-contaminated soil. Soil and Sediment Contamination, 14:329-
344,

29- Vance E.D., Brookes P.C., and Jenkinson D.S. 1987. An extraction method for measuring soil microbial biomass C.
Soil Biology and Biochemistry, 19:703-707.

30- Weggler-Beaton K., Mclaughlin M.J., and Graham R.D. 2000. Salinity increases cadmium uptake by wheat and
Swiss chard from soil amended with biosolids. Australian Journal of Soil Research, 38:37-46.

31- Wichern J., Wichern F., and Joergensen R.G. 2006. Impact of salinity on soil microbial communities and the
decomposition of maize in acidic soils. Geoderma, 137:100-108.

32- Zhao W., Sachsenmeier K., Zhang L., Sult E., Hollingsworth R.E., and Yang H. 2014. A new bliss independence
model to analyze drug combination data. Journal of Biomolecular Screening, 19:817-821.


http://dx.doi.org/10.1155/2015/483836

Journal of Water and Soil (632948 @bus 3 psle) S g O @ i
Vol. 31, No. 6, Jan.-Feb. 2018, p. 1623-1636 &%fi,,/zﬁu VEYYSIPYS .o TP widwl— cpoe 8 0 lecs F) ol

Interactive Effects of Salinity and Cadmium Pollution on Microbial Respiration
and Biomass in a Calcareous Soil Treated with Plant Residue

E. Sadeghi!*- F. Raiesi?- A. Hossienpur?
Received: 08-01-2017
Accepted: 06-11-2017

Introduction: 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. Anthropogenic activities have increased the concentration of heavy metals
and soluble salts in soil, resulting in a major constrain for soil microbial performance and functions.
Furthermore, soil microbial activity and biochemical processes are often limited by substrate availability in arid
areas due to the low organic inputs. Although the individual effects of salinity and metal toxicity stresses on soil
biological activity are generally well-known, their combined effects on microbial growth, population and
functions are largely uncertain. The main aim of this study was to investigate the interactive effects of salinity
and cadmium (Cd) Pollution on microbial respiration and biomass in a calcareous soil treated with plant residue.
It was hypothesized that salinity would increase mobility and availability of Cd with subsequent reductions in
microbial activity and biomass, and that addition of plant residue would modify these salinity effects.

Materials and Methods: This study was conducted under controlled laboratory conditions at Shahrekord
University. A factorial experiment with two levels of cadmium (0 and 30 mg kg™?), three levels of salinity (1.35,
7.5 and 10 dS m?) and two levels of plant residue (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 NaCl 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. Soil carbon (C) mineralization (microbial
respiration) was measured weekly, and available Cd and microbial biomass C were measured at monthly
intervals. In this experiment, the Bliss independence model was used to determine the type and nature of the
interaction between salinity and pollution (synergistic and antagonistic).

Results and Discussion: The results showed that NaCl salinity increased the concentration of soil available
Cd in both polluted and unpolluted soils over the experimental period, and the increases were greater at high than
low salinity levels. This effect of salinity was less pronounced in residue-amended and unamended soils. In
general, a strong synergistic effect of both stresses upon Cd availability was observed in residue-unamended
soils while this effect was mostly antagonistic in residue-amended soils. This indicates that addition of plant
residue to enhance soil organic matter may indirectly repress or lower salinity effect on Cd toxicity. Soil salinity
decreased microbial biomass C and respiration with subsequent increases in specific respiratory quotient due to
the increases in Cd solubility and availability. However, the changes in microbial properties were much lower in
residue-amended and unamended soils. Addition of plant residue decreased the negative effects of both the
individual and combined salinity and Cd pollution on microbial biomass and respiration. The interactive effect of
these two stresses was mainly synergistic in residue-treated soils while it was antagonistic in residue-untreated
soils. Overall, a strong synergistic effect occurred when both stresses were combined in the absence of plant
residue while this effect was antagonistic in the presence of plant residue.

Conclusion: This study provided evidence that salinity could synergistically increase the mobility, bio-
availability, and toxicity of Cd in Cd-polluted soils with C limitation. This was reflected by synergistic
reductions in soil microbial biomass and respiration. However, addition of plant residue to increase soil organic
matter lowered this effect of salinity, resulting in the antagonistic effects of salinity and pollution on soil
microbial biomass and respiration. The reason for increase in the microbial activity in soils treated with plant
residue was the increase of available substrate. As a result, using the plant residue increased the stimulatory
effect of microbial activity. These findings point to the importance of providing adequate organic residues to
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enhance soil microbial performance and agricultural sustainability in polluted soils under salinity stress.
However, further information on responses of microbial indicators to the joint effect of salinity and Cd toxicity is
required.
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