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Effects of Combined Pollution of Perchlorate and Hexavalent Chromium on Soil Enzyme Activities and
Microbial Population

DUAN Xiong-wei, LIU Ya-ling, LI Hua—shou, HE Hong-zhi, CHEN Gui—kui”

(Key Laboratory of Agro—Environment in the Tropics, Ministry of Agriculture, P.R. China, South China Agricultural University; Key Laboratory
of Agroecology and Rural Environment of Guangdong Regular Higher Education Institutions, Guangzhou 510642, China)
Abstract : Perchlorate and hexavalent chromium often enter soil via irrigation. A simulated control experiment was conducted to study the
joint effects of perchlorate and hexavalent chromium on soil enzyme activities and microbial population over time. At the early stage of the ex—
periment, polyphenol oxidase activity was found to increase significantly with increasing concentrations of perchlorate and/or chromium.
Catalase activity was not affected by perchlorate alone, but significantly decreased by hexavalent chromium at medium or high concentrations
and combined perchlorate and hexavalent chromium(P<0.05). Urease activity was promoted at low but inhibited at high concentrations. In—
vertase activity was enhanced significantly by perchlorate during the first 2 days, but was reduced by perchlorate, hexavalent chromium or
their combinations at the 8th day. However, the activities of four soil enzymes were all restored to the initial levels at the 30" day. During the
experiment, soil fungi population reduced significantly in single and combined treatments of perchlorate and chromium. The population of
bacteria and actinomycete decreased significantly under high concentrations at the early stage of the experiment, but were all back to the con—
trol levels at the 30" day. The bacteria were tolerant to perchlorate and chromium and became dominant species, causing enzyme activities re—
turn to the control levels. The results indicate that bacteria and actinomycete play a crucial role in bioremediation of these two pollutants.

Keywords : chromium; perchlorate; soil enzyme activity; soil microbial population.
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Table 1 Physical and chemical properties of tested soil

AHLE BilifE 2 AR AR

WiH Item  pH
mg- kg™

matter/g-kg”  mg-kg™ mg-ke™!

B e B Clo; Jaxd
Organic  Available N/ Available P/ Available K/ Total N/
gkg' gk g-kg”

Cr( VI )Hexavalent

Total P/ Chromium/mg kg™

Total K/ Perchlorate/  Total Cr/

mg- kg™ mg-kg™!

Zrr Content 5.29 16.04 67.24 110.80 49.94

1.581 1.285 27.24 Ak 39.14 PRk
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Table 2 Experimental design of treatment group

Cl0¥/mg- kg
Cr( VI )/mg-kg™
0 1 20 100 500
0 0 P1 P20 P100 P500
1 Cl1 P1+C1 P20+C1 P100+C1 P500+C1
10 C10 P1+C10 P20+C10 P100+C10 P500+C10
100 C100 P1+C100 P20+C100 P100+C100 P500+C100
TE P AR SRR, C AN S T B AR AL B . 1]
3 ZREHATEEAELERN BN S BELEEE(ng-g")
Table 3 Soil polyphenol oxidase activity of different treatments at different time(mg-g™)
KbFH Treatment BUFFHITE Sample time
2d 8d 15d 30d
0 1.277+0.263hB 3.069+0.434ghAB 1.974+0.5271B 3.168+0.498abcdeA
P1 3.268+0.456fA 2.272+0.100hA 2.272+0.100fA 3.666+0.815abcA
P20 2.770+0.100fgB 3.964+0.199fgA 1.974+0.100fB 2.671+0.456cdefgB
P100 7.248+0.434dA 7.348+0.263cA 2.571£0.697efB 2.969+0.456bcdefB
P500 9.438+0.263¢B 12.623+0.434aA 4.561+0.527¢dC 4.462+0.790aC
C1 0.780+0.199hC 2.073+0.172hB 1.377+0.263fC 2.770+0.199bedefA
C10 3.467+0.263fA 2.272+0.398hAB 2.571+0.263efAB 2.073+0.517defgB
C100 7.846+0.100dA 6.950+0.359cdB 4.263+0.100cdC 3.168+0.263abcdeD
C1+P1 1.277£0.199hB 2.272+0.199hA 2.571£0.263efA 1.277+0.359¢B
C1+P20 1.874+0.100ghBC 4.860+0.263efA 2.272+0.263{B 1.277+0.398¢C
C1+P100 3.168+0.263fAB 4.064+0.554fgA 2.571£0.199¢fB 2.969+0.345hcdefAB
C1+P500 3.666+0.434{A 3.964+0.263{gA 3.666+0.263deA 1.576+0.398{gB
C10+P1 3.467+0.605fA 3.069+0.359ghAB 2.173+0.398fAB 1.775+0.172efgB
C10+P20 2.870+0.434fgAB 3.268+0.597ghAB 4.064+0.434cdA 2.372+0.345cdefgB
C10+P100 3.168+0.653fBC 4.362+0.199fgAB 4.561+0.100cdA 2.372+0.299c¢defgC
C10+P500 4.760+0.622eA 4.959+0.527efA 4.064+0.653cdAB 2.471+0.263cdefgB
C100+P1 9.338+0.263cA 6.651+0.949c¢dB 4.462+0.456¢dC 3.069+0.199abedeC
C100+P20 10.831+0.100bA 5.756+0.605deB 5.955+0.517abB 3.467+0.100abedC
C100+P100 11.528+0.263bA 6.253+0.345c¢dB 5.159+0.697bcBC 4.163+0.456abC
C100+P500 14.115+0.263aA 10.035+0.359hB 6.751+0.653aC 3.566+0.456abcD
F i F value P 105.66%* 71.89%* 16.28** 2.14
C 557.64%* 89.43%%* 46.02%* 16.73%*
PxC 14.96%* 19.49%* 1.99 1.92

T R PR F I AR e DR s /NG PR R A — S8 A Bk 22 5, RS BRI 2R [ — A T8l A7 25 122 5% (Duncan K556, P<

0.05);* R P<0.05,** /R P<0.01, F[H,
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Table 4 Soil catalase activity of different treatments at different times(mL-g™)

WUEERTE] Sample time

AL P Treatment
2d 8d 15d 30d
0 0.851+0.031abB 1.115+0.038aA 0.617+0.010aC 0.488+0.033abD
P1 0.853+0.017abA 1.015+0.094abA 0.655+0.031aB 0.513+0.057aB
P20 0.913+0.016aA 0.966+0.070abA 0.675+0.058aB 0.522+0.039aB
P100 0.811+0.107abA 0.955+0.049abA 0.541+0.023abcB 0.480+0.030abB
P500 0.744+0.074bcB 0.929+0.026abA 0.540+0.030abcC 0.513+0.002aC
C1 0.910+0.013aA 1.051£0.078aA 0.568+0.075abcB 0.454+0.020abcedB
C10 0.669+0.040cdB 1.011£0.019abA 0.621+0.034aB 0.459+0.032abedC
C100 0.452+0.019¢B 0.919+0.020abA 0.524+0.101abcB 0.372+0.028defB
C1+P1 0.835+0.015abA 0.909+0.061abA 0.548+0.077abcB 0.484+0.029abB
C1+P20 0.739+0.002bcB 0.973+0.074abA 0.551£0.041abcC 0.466+0.008ahcC
C1+P100 0.842+0.020abA 0.924+0.140abA 0.567+0.031abecB 0.514£0.013aB
C1+P500 0.817+0.003abA 0.907+0.126abA 0.589+0.046ahB 0.513+0.013aB
C10+P1 0.655+0.090cdB 1.100£0.044aA 0.606+0.046aB 0.411+0.028bcdeC
C10+P20 0.651+0.077cdB 1.019+0.021abA 0.618+0.049aB 0.44620.015abedC
C10+P100 0.535+0.020deB 1.031+0.065abA 0.593+0.067abB 0.443+0.050abcdB
C10+P500 0.574+0.031deB 0.924+0.058abA 0.504+0.057abeBC 0.384+0.027cdefC
C100+P1 0.488+0.021eB 0.989+0.033abA 0.397+0.067¢BC 0.337+0.006efgC
C100+P20 0.493+0.032eB 0.988+0.045abA 0.528+0.058abcB 0.321+0.010£gC
C100+P100 0.527+0.019deB 0.948+0.017abA 0.528+0.027abcB 0.283+0.016gC
C100+P500 0.467+0.024eB 0.805+0.074bA 0.414+0.050bcBC 0.271£0.013gC
F 1 F value P 1.544 2.366 1.391 0.426
C 74.659%* 1.78 5.602%* 47.58%%*
PxC 1.522 0.628 0.824 1.497
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Table 5 Soil sucrase activity of different treatments at different times(mg-g™)

JUEERT ] Sample time

AP Treatment

2d 8d 15d 30d
0 0.482+0.053cdB 1.043+0.037aA 0.300+0.050bcdefgC 0.382+0.054bcdeBC
P1 0.913+0.012aA 0.948+0.207abA 0.252+0.040cdefgB 0.534+0.200abcAB
P20 0.887+0.127abA 0.787+0.040abcd A 0.208+0.053efgB 0.317+0.057cdeB
P100 0.739+0.019abcA 0.900+0.122abcA 0.204+0.030efgB 0.360+0.043bcdeB
P500 0.534+0.029¢dB 0.826+0.008abcdA 0.182+0.012fgC 0.173+0.040eC
Cl 0.700+0.103abed A 0.687+0.016bcdeA 0.252+0.076cdefgB 0.182+0.012¢B
C10 0.704+0.181abcA 0.112+0.023hC 0.330+0.064bcdefgBC 0.469+0.024abcdAB
C100 0.591+0.098bedA 0.378+0.122fghA 0.465+0.097abA 0.600+0.177abA
Cl1+P1 0.504+0.076¢dAB 0.687+0.083bcdeA 0.260+0.036¢defgC 0.339+0.055¢deBC
C1+P20 0.526+0.027cdA 0.439+0.035efgB 0.239+0.013defgC 0.252+0.008deC
C1+P100 0.595+0.044bcdA 0.630+0.030cdefA 0.31320.042bcdefeB 0.313+0.016cdeB
C1+P500 0.569+0.004cdAB 0.652+0.045cdefA 0.508+0.064aB 0.365+0.026bcdeC
C10+P1 0.504+0.037cdA 0.160+0.060ghB 0.156+0.061¢B 0.469+0.060abcd A
C10+P20 0.495+0.050cdA 0.243+0.068ghB 0.343+0.072abcdefAB 0.508+0.076abcd A
C10+P100 0.443+0.019cdA 0.286+0.042ghA 0.42120.030abcA 0.469+0.126abcd A
C10+P500 0.382+0.008dAB 0.195+0.035ghC 0.317+0.040bcdefgB 0.447+0.020abed A
C100+P1 0.682+0.094abcd A 0.395+0.109fghB 0.474+0.040abAB 0.643+0.040aAB
C100+P20 0.900+0.273abA 0.391+0.064{ghB 0.460+0.026abAB 0.500+0.047abedAB
C100+P100 0.604+0.047becdA 0.604+0.138defA 0.378+0.076abcdeA 0.539+0.015abcA
C100+P500 0.526+0.033cdA 0.395+0.117fghA 0.400+0.042abcd A 0.465+0.019abed A
F 1 F value p 2.529 1.45 0918 1.706
C 4747 59.68%* 12.876%* 11.748%:
PxC 2.269% 1.095 2.798%* 1.045
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6 ZAEETIEESE LI B HIREEE M (ng-g)

Table 6 Soil urease activity of different treatments at different times(pg-g™)

JLFE Treatment URER ] Sample time
2d 8d 15d 30d
0 34.644+2.803(gB 63.200+5.601bcA 34.142+2.617abedeB 22.343+1.222bcdefgC
P1 53.045+8.568cdeB 79.199+2.953aA 35.336+6.727abcedBC 25.031+4.010abcdefC
P20 49.935+4.023cdeB 79.199+4.766aA 28.765+3.588bcdefgC 40.713+1.077aB
P100 59.783+4.496¢dB 70.349+1.285abA 39.518+2.717abcC 30.259+3.179abcedC
P500 18.576+2.592hB 50.946+0.780deA 15.921+2.495efgB 3.226+0.395hC
C1 50.712+5.624cdeB 76.817+3.417aA 33.992+1.942abcdeC 32.798+4.856ahcC
C10 41.470+4.984efgA 31.585+2.719ghAB 42.505+2.717abA 20.103+10.090cdefgB
C100 19.651+3.474hAB 21.104+3.164iAB 33.096+10.903bcdefA 5.915+2.552¢hB
C1+P1 63.152+6.968cA 50.265+2.252deAB 28.616%2.692bcdefgC 36.681+6.890abBC
C1+P20 86.476+7.675bA 51.116+0.614deB 20.252+1.045defgC 28.317+1.222abcdeC
C1+P100 111.874+3.428aA 58.094+3.189¢dB 32.499+2.210bcdefC 38.025+1.942ahC
C1+P500 55.118+2.743cdeA 36.138+5.380fgB 11.440+1.865¢C 15.025+1.440defghC
C10+P1 32.166+1.830gAB 38.308+5.153fgA 37.726+9.983abcd A 15.772+3.161defghB
C10+P20 46.884+1.782defA 44.439+4.115efA 43.252+0.684abA 29.512+13.830abedA
C10+P100 33.519+2.935gA 43.252+0.523efA 51.466+8.962aA 10.992+7.285fghB
C10+P500 43.696+2.255efgA 37.320+3.598fgA 33.246+10.274bcdefAB 15.473+1.811defghB
C100+P1 13.079+1.663hiB 22.291+1.101hiAB 28.914+7.515bcdefgA 17.564+1.722cdefghAB
C100+P20 14.125+2.371hiC 34.947+3.788fgA 22.940+2.742cdefgB 11.291£1.302fghC
C100+P100 3.073+0.790iB 20.115+0.198iA 20.999+3.787cdefgA 16.070+1.516defghA
C100+P500 4.865+0.790iB 16.754+1.370iA 15.473+1.696fgA 12.038+3.512efghA
FAH F value P 18.17%* 15.641%* 6.764%* 6.035%*
C 187.013%#%* 181.302%%* 10.643%* 11.668%*
PxC 13.288%* 8.458%* 0.739 2.648%*
x 7 LEMmEENTES N
Table 7 Analysis of variance of soil enzymatic activities
ARSI Source 221 AL Polyphenol oxidase A A i Catalase PTG Sucrase KT Urease
of variance F{H Fvalue BE/KV-Sig. F{H Fvalue §E/KFSig. FIH Fvalue REKFSig. F{H Fvalue RBEKYF Sig
P 128.726 0 5.262 0.001 1.507 0.202 32.197 0
c 392,081 0 51.762 0 19.984 0 149.571 0
T 175.33 0 429.908 0 54.077 0 122.856 0
PxC 15.975 0 1.126 0.342 2.486 0.005 8.131 0
PxT 16.181 0 0.622 0.821 1.936 0.034 2.752 0.002
CxT 65.075 0 10.117 0 25.065 0 44.034 0
PxCxT 6.844 0 0.856 0.701 1.424 0.073 3.915 0
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Table 8 Microbial number of different treatments at different times(cfu-g™)
HURER ] (ELE 10°) BURER ) iR 14T 10°) HURER ] (4 A 107)
AL Sample time(fungus ) Sample time(bacteria) Sample time(actinomycete )
Treatment
2d 30d 2d 30d 2d 30d
0 6.9+0.2a 12.7+0.2ab 2.7+0.4a 21.1£2.3be 7.2+0.7def 10.2+1.1d
Pl 6.2+0.5abcd 13.1+1.4a 2.4+0.2abed 28.2+2.3ahc 10.6+0.6d 13.1+0.8abcd
P20 6.020.2abcde 10.9+1.2abed 2.4+0.2abed 33.3+4.3a 5.9+0.6f 14.5+0.9abed
P100 5.6+0.7cdef 9.5+0.3cdefg 2.7+0.5ab 27.2+0.9abc 6.6+0.7def 20.2+5.6abed
P500 5.240.5cdefg 10.2+0.7cdefg 2.3+0.4abcd 26.2+4.1abe 5.5+0.0f 14.4+2.6abed
Cl 5.8+0.2bcdef 11.8+0.6abc 1.7+0.5bc 17.9+2.2¢ 7.3+0.8def 12.6+1.5¢d
C10 5.4+0.3cdefg 9.7+0.6cdefg 1.740.3cde 25.0+4.1abe 20.9+1.6ab 13.6+2.2abed
C100 5.2+0.3cdefg 7.7+0.5g 1.8+0.2bede 31.2+2 4ah 17.1£0.7bc 22.9+7.8abed
C1+P1 6.3+0.2abc 10.5+1.3bcdef 1.9+0.3abcde 24.7+2.5abe 7.6+0.9def 26.1x1.6abc
C1+P20 6.8+0.7ab 9.9+0.3cdefg 2.6+0.3abc 26.5+4.2abe 6.1+0.5ef 13.1+1.8abed
C1+P100 5.4+0.2cdefg 10.6+0.7bcde 2.0+0.2abcde 28.8+1.6abc 4.8+0.2f 17.5+2.4abed
C1+P500 4.420.3¢ghi 9.6+0.2cdefg 2.3+0.1abed 18.5+2.9¢ 6.4+1.2def 12.9+1.9bed
C10+P1 5.1£0.1efg 9.1£0.4defg 1.9+0.3abcde 21.4+2.5ahe 16.0+£3.8¢ 26.5+2.5ab
C10+P20 4.8+0.2fgh 8.3+0.3defg 2.0+0.2abede 23.3+1.8abc 20.5+0.9ab 26.9+2.2a
C10+P100 5.4+0.3cdefg 9.7+0.8cdefg 2.0+0.2abede 20.2+3.1bc 20.4+1.3ab 23.1+5.5abed
C10+P500 6.3+0.2abc 9.4+0.3cdefg 1.620.2de 27.3+6.8abc 23.0x1.2a 18.5+5.5abed
C100+P1 5.2+0.1defg 9.9+1.7cdef 1.3£0.1e 21.4+5.2abe 14.3+0.7¢ 21.3+8.4abcd
C100+P20 5.3+0.4cdefg 8.2+0.2ef 1.1£0.3e 23.8+5.4abc 7.3+1.3def 11.2+1.8d
C100+P100 3.9+0.2hi 8.0+0.5f 1.1£0.1e 24.9+3.2abe 6.9+0.5def 20.1+6.9abed
C100+P500 3.7+0.2i 7.8+£0.2¢ 1.2+0.2¢ 26.2+2.3abc 10.2+1.8de 20.1+1.8abed
FAH Fvalue P 6.471%* 3.239* 0.305 0.464 5.261%* 2.121
C 14.768%* 14.818%* 16.82%#: 1.403 125.618%* 3.098*
PxC 4.508%* 1.468 1.041 1.581 4.85%: 1.354
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