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Abstract . Litters of 3 types of grasses including Medicago sativa, Artemisia gmelinii, and Coronilla varia were mixed with
45.37 g/kg petroleum-contaminated soil with or without urea fertilization (the C :N of soil was adjusted to approximately
25:1) in the study. We aim to investigate the effects of plant litters and nitrogen fertilization combination on remediation of
petroleum-contaminated soils. The mixtures were incubated at 20—25°C. with consistent soil moisture for 180 days. The

microbial populations, the activities of 11 types of hydrolases and oxidoreductases, and contents of available N, P and K in
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soils were determined to analyze the individual or the combined effects of plant litter and urea on the bio-chemical properties
of petroleum-contaminated soils. The results indicated that (1) all types of grass litters tested here significantly increased
the populations of actinomycetes and fungi, the activities of sucrase, amylase, carboxymethyl cellulase, xylanase, urease,
protease, alkaline phosphatase, polyphenol oxidase, catalase and peroxidase, and the contents of available N, P and K in
petroleum-contaminated soils, while they significantly accelerated the degradation of total petroleum hydrocarbons. (2)
Generally, urea application facilitated the remediation of grass litters on petroleum-contaminated soils. However, it might
impair the positive effects of litter treatments on the activities of xylanase, urease, protease and dehydrogenase, and the
microbial populations in petroleum-contaminated soils. (3) Sole litter treatment could remarkably improve the biochemical
properties of petroleum-contaminated soils, especially with high N and P contents, lower C/N, C/P ratios, low lignin and
polyphenols contents litters. In the case that the remediation was exigent, appropriate urea fertilization could be a feasible
approach to accelerate the remediation effects of grass litters on petroleum-contaminated soils, whereas taking its negative

effects on above-mentioned biochemical soil properties in account.

Key Words: crude oil contamination; biostimulation; soil functions; plant residues; remediation
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Fig.1 Soil culturable microbial populations in petroleum-contaminated soils treated with grass litters with or without urea application
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B2 ERFEYMSRELERTEREEYE
Fig.2 Enzymes activities of petroleum-contaminated soils treated with grass litters with or without urea application
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B3 EXFAEMESRELBEELIERSESE
Fig.3 Nutrient contents of petroleum-contaminated soils treated with grass litters with or without urea application
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Table 2 Total petroleum hydrocarbon contents of petroleum-contaminated soils treated with grass litters with or without urea application
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Treatments degradation M. sativa M. sativa A. gmelinii A. gmelinii C. varia C. varia

for 180 d litter litter + urea litter litter + urea litter litter + urea

P

Degradation rate/%
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7.66(0.29)d  59.37(3.75)c  76.68(0.75)a 65.60(1.71)b  81.14(1.06)a 56.03(0.86) c 67.30(0.98)b
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Fig.4 The integrated remediation effects of different treatments

http ; //www.ecologica.cn



A R 40 45
. B , TERTHE R LT U
LitteN 1+ @ Ry:0046  HteP O R2Y:0.954 CPRIO R2Y:0.951
Polyphenols | @ Q20.698 Lignin ® Q20872 CNR @ Qo752
CNR @) CPR O Polyphenols O
CPR O CNR Lignin [ )
Lignin @) Polyphenols @) LitterP @)
LitterP [ ] ExogenousN o ExogenousN o
ExogenousN [ ) LitterN [ ] LitterN [ )
06 08 1.0 1.2 1.4 1.6 18 0.6 0.8 1.0 12 1.4 06 08 1.0 12 14 16
LitterP |0 ARE BTG LitterP | @ Jiin3i ExogenousN + O
Lignin |0 R2Y:0.994 Lignin | O R?Y:0.995 Lignin ()
C\R |@ Q%0.935 C\R | @ Q%:0.962 LitterP 0
Polyphenols | @ Polyphenols (] CPR O
LitterN | @ LitterN t O LitterN B O
CPR | @ CPR | O Polyphenols | p2y.0 901 ()
ExogenousN @) ExogenousN O CNR Q%0.757 O
% 0.6081.0121.41.61.82.02.2 0 0510 1520 25 3.0 02 04 06 08 1.0 1.2 14
2 \ ‘
5 Litter? | @ @fﬁiﬁ% PR | @ LitterN | @ gfg’ﬁff@
E Lignin | @ QZ:OA.9‘92 LitterN [ ] CPR O Q2:0.989
é CNR [ ) Lignin O Polyphenols
5 Polyphenols Polyphenols @) Lignin [}
g Pobeh o RIS
5 LitterN [ ) ExogenousN R2Y-0.734 [ ) CNR [ )
K CPR ®) LitterP | 20,667 e) LitterP o)
k5 ExogenousN O CNR O  ExogenousN [ )
£
(9]
? 06 08 1.0 1.2 14 1.6 1.8 0.6 0.7 0.8 09 1.0 1.1 1.2 04 0.6 08 1.0 1.2 14 1.6
(=9
B
3 Litter? | @ e CPR 1O It P LiterP 1 O HHBARR
B Lignin + @ R2Y:0.776 Lignin [ ] R?Y:0.996 Lignin O R2Y:0.999
= CNR | O Q%0.750 LitterN [ ) Q%0.947 CNR |t O Q%0.994
g Polyphenols O Polyphenols [ ) Polyphenols | O
:g LitterN | @ LitterP @) CPR| @
@ CPR| @ CNR 0 Lite'N | @
3 ExogenousN @  ExogenousN O ExogenousN [ )
N
% 0608 1.012 1416 1.8 2.0 0 05 1.0 1.5 20 25 0 051.0 1.5 2.0 25 3.0
LitterN |@ LHAREE  LiterP | @ LR CPR IQ il
R?Y:0.999 R?Y:0.978 : R?Y:0.986
CNR CNR LitterN
) O Q2:0.947 - o Q20.892 o Q20.935
LitterP [ @ Lignin [ ) CNR o
CPR | @ Polyphenols O ExogenousN O
Polyphenols | @ LitterN [ ) Polyphenols @)
Lignin | @ CPR [ ) Lignin @)
ExogenousN o ExogenousN o LitterP [ )
0 0510 1520 25 3.0 0 05 1.0 15 20 25 08 09 10 1.1 12 13
LitterN | @ Tk Lignin O B LitterN | @ A
LitterP [} R?Y:0.998 LitterP [ ) R?Y:0.930 Polyphenols O R?Y:0.995
Polyphenols O Q220.990 CNR ' 02:0.730 CPR O Q220.971
CNR ) Polyphenols O Lignin [ ]
CPR O LitterN [ ) CNR (]
Lignin ExogenousN (@) LitterP [ ]
ExogenousN O CPR (@) ExogenousN [ ]
04 08 12 1.6 20 0.4 0.8 1.2 1.6 04 08 12 1.6 20
A B R IR AME
Variable importance in projection values
E5 BEEYERFIMNER (KRN TEERNRIEENTERVEZLER

Fig.5

petroleum-contaminated soils

S AR IE RO, 250 ARG UL ; LivterN . R M)A

The variable importance in projection ( VIP) values as affected by litter characteristics and exogenous N (urea) in

Content of litter N; LitterP; 754 % & Content of litter P; CNR;

VIR A L C/N ratio of litter; CPR; VA% Yk L C/P ratio of litter; Ployphenols: £y & Contents of polyphenols; Lignin: K&
£ Contents of lignin; ExogenousN; ANIR N; Degradation; E(Hﬂél}%ﬁﬁﬁ, HAe%5 B E 1—3.

http ; //www.ecologica.cn



8 SRIEEAT : F AT 5 IR IR G 08 B i e A A 2 o 9 52 1 9

A5 E G it O R AR ) T el ) i R RT R Jith P 199 PR 2R e A/ | AR RE IR 19 1 S 33 B 57 43 Lo 9 (A
W5 251, G B2~ 101, Varjani #1 Upasani 0y PR AR A A XA R, T B S, 2 PR
TR BB ] B SRR AR R IR A BETEAE — R L XA S A W AR AR A (AR
o 5 400 AL B K 40 TR AR S S S (E L AR S P A T A /N TR 1) | LB A A FER T
TR B R S AN RS RE I M N 08 TR R SRS 14 T R P R 3 ST Biolog 451 B
ARIE—2LWFTE IR T e H 5 PR ER I S O Al o/ LT 8 T D REZ R AR IE R S5 A 152
PATRA 3BT E R b BO0E L ST REI S A HLARAVE T . 249K, NASBIFSE v e vl 15 77 0o 2B e Ik 0 A PR L 22 il
REAR AR R 0T, AT RGN 381 22 b -pAA 7 A () 3 Ty 6 1 Rl 190 955 e ki 8 2 4 v T A i e 2 IR 1 B 2 4 )
(B2 Fn3k 2) , PR T Y I BN PR T5 - DR 32 R 5 AL BN 2 7E — o AR B2 B3 n 1 ity s rh s A= Wy o0 2 AR PR D
T F AT RERG AN T P I AR A AR A A FL ), Shahsavari 25 &80 SRS AR AL B S BN TS IR AN £
FEPE, Al-kindi 1 Abed" ™! SCTF BORIFNZZ H S R4 55 U X 15 Y - S0 TR =F 5 52 i R fd 2 (LR P RETRT ] Ly D D
ARTE TR R EG B 0, DL Roy %61 CF AR WS IN B B 4L S 418 o AR RN ) LA R RER ] 4
FERRTT R TR 1 RIS T [ A R e o LU0 O 48 SR SCHe T SR HEDY oAb AL PR T3t W it R
P& S5 RN RE 22 FEPE 2 A5 AT AR S 30 3 AR 75 G - S R AP i 7 i — 2B 0F 5 i LA SRnIE

B G A AN A T e A S ) ST AR b BR A R G | 2oL Sk U
FE B 8 Al T% M 2432 21 0 2 k], X 5 ERBFSE A SRR TR I PR AT BE A s e 3 A 1 i
AW SO R R A A T R R (RS e B T R R - ) B A G AR R T BEL IR S R
i T P 2 L Ay A A B IR ST AR L R A VS I RT  E A  E E E X 5 T A B O A R
L1223 RS S AR T REAT LA TR . 1 5 S ek A A DA e o it oy e 5 A 1 430, T
A= D 5E T i 1 TR ) BRI DRI B v L SRR G A HCY, e AR A ik 7 G W ) R A R S A W Y
RETR AL KO 22 T IERG Y 00 . AT, PRV )T S AL S o AT LT (W2 VLR 2T 4R 3R 55 ) A il
FEILARB IS (R B2 4 rh [ P= i AN 2 ) 55 5 SR L W00 = 2R AT M ™ 2 e, RVE ) F B A
IV Al 3t 8 v 7 A 1) JE B YR 2 ) T S LA A TR S B A 1 A A ™ A 1 A 0 3 Tt 700 T 398 o it s e 4
(RS BT 5 el DX it 04 7 2 0 0 L 5 I A i o, DT 3 HE S P A B v T Mt RO I T
I A P B MRy 22 o N T R 30 (0 3 (2 R B ) L 35X 5 Burns 45 Kim Ml Kang'™* | Song
A5 URT Smith 81 ST U A H B 1 1 S R (O BT 5 A — 3, IR AT R — T 4R AL TR
ARV T RUEWRI AR B — 07 1 W ZOR Y 37 7P AT U (N bR P AR B = ) 757 AR UEY)
FEE A B RERFIE A IS Bilan, KRS IRAG 0 N A IR IRk T 82k 4 K R L 5 43 i € IR R
TMZR BRI O30 G 5 A R it LA SR P 3R, R B REAH B 27 48 K il WL 1 | 22 1y S AL ANt 4
AT PR ) S 3 P e T N R A 7 2 RN ) T AR P DU 8 S O T N R 1 S M R AT

SR ARG EE R A S ek 3 AR AR A TR VA VA R S R v vl
AT N AR P AR K S22 % JATE ) 3 ik RO 43 % £ 3R 4 (1 b FE T LA A3l R 1 3R
RS TITE Y I S A B NP FD K ESARXS A BR PR 7% 0 4 I 4 S8 AL 57 43 & 1 AP 58 7T e £ 202
TEPR S A R T 2 DT 2 52 S04 okl 1 A A AV R I8 2 1 FH 6 A e A e 20 e o - 38
MRS i, AN AR A AR R Y pH RG] BE L R MR R R 22— BTt
AR T IR TE YIS IO - EHUR R A R FERE T, HORT B R 1 A S AR s A S A R T B AN
YRR, 100 X6 A 280l o A5 B 5 s 4 3 1 D AT BB Hhy T LA BT 3t | BB I 25 4 /o A il e e e o3 A - Sk
PR TE A O ks A AR (R R X 3% 0 BT AL AR H

SEMAER (K 1—3) AR R 22285 R0 Hr (181 4) Filfi e/ —3fe o151 (141 5) &5 R30S 8 7 e
B A P e FH R Wkt L A AR AR Y AR S SR S I IR, 5 U T ) R B B A A L 2 A Tt A
R AR B AR R 7 R HUSR O3 i AU T S R Y R BT N AR AT AR S BRI

http ; //www.ecologica.cn



10 JAE = 40 4

TIEAAPERT AATIRE EE RGN R 22—, SR, BRI A i B B S e ) S JAD AR AF A 45+ &
BRGNP R P LR AN AR MR B4 T REPE , HEB i ) B MBS ACR T RE B 220k A T A B A R
w5 (B 1—=3) o SEIESA (18 1—3) H PAC 2347 (18] 4) 3R W] 3 FhidvE b IRh GRHEY 875 0 04 S e 2 2%
RELZ AT E Y E4F . PLSR 50 (18] 5) WAR WL, JA v Wy PR B P ey N P 2060 35 40 B (9 20 il RLR
RIS 1 LA SR B W S A 50 38 5 1 R T 5850 0 A LSS 7 0 R 0 MU 23 i A5 BILJBORILA i s e
fift LA B SCAF A ) A K A S BE YIRS, o RV Jo i e 5 A f) 8 9 00 T LUy 2 PR O, 345 BT AT
ZEIA BT BRI AR SO SR AR ROy 308 52 R 7 e b e | IR SR P e
T PIVE S IR BN, LUy w2 LI ThRE, e SR B 2 LA AR a0k it U 4R e A
E e AR A BT Bz — (R RO S SOy A AR B A RE T AR

£ 3CHR ( References)

[ 1] Varjani SJ, Upasani V N. A new look on factors affecting microbial degradation of petroleum hydrocarbon pollutants. International Biodeterioration
& Biodegradation, 2017, 120(5) : 71-83.

[2] WangY]J, Li FY, Rong X M, Song H X, Chen J B. Remediation of petroleum-contaminated soil using bulrush straw powder, biochar and
nutrients. Bulletin of Environmental Contamination and Toxicology, 2017, 98(5) : 690-697.

[ 3] Shahi A, Aydin S, Ince B, Ince O. Evaluation of microbial population and functional genes during the bioremediation of petroleum-contaminated
soil as an effective monitoring approach. Ecotoxicology and Environmental Safety, 2016, 125(3) ; 153-160.

[ 4] EzCN, Ogbonna J C, Anyanwu C U, Eze E A. Determination of the relative abundance and distribution of bacteria and fungi in Bonny light crude
oil-contaminated sandy loam soil. Scientific Research and Essays, 2013, 8(9) . 375-381.

[5] GuoH, YaoJ, Cai MM, Qian Y G, Guo Y, Richnow H H, Blake R E, Doni S, Ceccanti B. Effects of petroleum contamination on soil microbial
numbers, metabolic activity and urease activity. Chemosphere, 2012, 87(11) ; 1273-1280.

[ 6] Labud V, Garcia C, Hernandez T. Effect of hydrocarbon pollution on the microbial properties of a sandy and a clay soil. Chemosphere, 2007, 66
(10): 1863-1871.

[ 7] Mal], ShenJ L, Liu Q X, Fang F, Cai HS, Guo C H. Risk assessment of petroleum-contaminated soil using soil enzyme activities and genotoxicity
to Vicia faba. Ecotoxicology, 2014, 23(4) . 665-673.

[ 8] Han XM, HuH W, Shi X Z, Zhang L. M, He J Z. Effects of different agricultural wastes on the dissipation of PAHs and the PAH-degrading genes
in a PAH-contaminated soil. Chemosphere, 2017, 172(4) ; 286-293.

[ 9] O'Brien P L, DeSutter T M, Casey F X M, Wick A F, Khan E. Evaluation of soil function following remediation of petroleum hydrocarbons—a
review of current remediation techniques. Current Pollution Reports, 2017, 3(3): 192-205.

[10] Shahsavari E, Adetutu E M, Anderson P A, Ball A S. Plant residues—a low cost, effective bioremediation treatment for petrogenic hydrocarbon-
contaminated soil. Science of the Total Environment, 2013, 443(6) . 766-774.

[11] Shahsavari E, Adetutu E M, Ball A S. Phytoremediation and necrophytoremediation of petrogenic hydrocarbon-contaminated soils//Ansari A A,
Gill S S, Gill R, Lanza G R, Newman L, eds. Phytoremediation; Management of Environmental Contaminants, Volume 2. Cham Springer, 2015
321-334.

[12]  TIE, B, Jrifgs. SRAUHI P58 YR A0 38 S0 AR 15 e L HERT 5. SRR 2 53R, 2016, 39(5) : 85-89, 139-139.

[13] B:dh, ZEE, T2, Mg SRR T 27 (PAHs) IR, FRERESEOR, 2011, 34(1) : 114-116, 175-175.

[14] Adams F V, Niyomugabo A, Sylvester O P. Bioremediation of crude oil contaminated soil using agricultural wastes. Procedia Manufacturing, 2017,
7: 459-464.

[15] Roy A, Dutta A, Pal S, Gupta A, Sarkar J, Chatterjee A, Saha A, Sarkar P, Sar P, Kazy S K. Biostimulation and bioaugmentation of native
microbial community accelerated bioremediation of oil refinery sludge. Bioresource Technology, 2018, 253(4) . 22-32.

[16] WuZ]J, Dong HJ, Zou L D, Lu D N, Liu Z. Enriched microbial community in bioaugmentation of petroleum-contaminated soil in the presence of
wheat straw. Applied Biochemistry and Biotechnology, 2011, 164(7) . 1071-1082.

[17] HanZ Y, Lu D, Qi B C, Zhang D X. Study on the improvement effects of the petroleum hydrocarbon contaminated loess by common agricultural
wastes//Proceedings of the 3rd International Conference on Green Materials and Environmental Engineering. Beijing: DEStech Transactions on
Environment, Energy and Earth Sciences, 2017, 81-87.

[18] Al-Kindi S, Abed R M M. Effect of biostimulation using sewage sludge, soybean meal, and wheat straw on oil degradation and bacterial community
composition in a contaminated desert soil. Frontiers in Microbiology, 2016, 7(3) : 240.

[19] Agbor R B, Antai S P, Nkanang A J. Microbial degradation of total petroleum hydrocarbon in crude oil polluted soil ameliorated with agro-wastes.
Global Journal of Earth and Environmental Science, 2018, 3(4) . 1-7.

[20] Agbor R B, Ekpo I A, Osuagwu A N, Udofia U U, Okpako E C, Antai S P. Biostimulation of microbial degradation of crude oil polluted soil using
cocoa pod husk and plantain peels. Journal of Microbiology and Biotechnology Research, 2012, 2(3) . 464-469.

[21] De Nicola F, Baldantoni D, Alfani A. PAHs in decaying Quercus ilex leaf litter; mutual effects on litter decomposition and PAH dynamics.
Chemosphere, 2014, 114(11) . 35-39.

http ; //www.ecologica.cn



8 1

SRIEEAT : S AP 5 IR IR G B il i5 LA Wb 2k o 4 52 11

[22]

[23]
[24]

[25]
[26]

[27
[28
[29
[30

[ I R

[31]
[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]
[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

T5F, KB, XISC, EOCHF, dkise, E T BRI BT S AR ARG T XS SR B ROV, SO IRERI R, 2015, 34
(1):50-57.

EREG, XS, WK, T, SRR BRALR I A el RS o RSN P EI BRI, 2014, 34(3) ; 688-696.
FEEMR, XIS, KPR, T3, sKTSE. BEAb A DBCR RS A TS B WA M B A R, R AR, 2013, 21(6) -
1101-1108.

TG, REER, H5d, S, SOPW. ARG Y A s R R PR R . A IR R, 2013, 32(6) : 1178-1184.
Zhang X X, Liu Z W, Yu Q, Luc N T, Bing Y H, Zhu B C, Wang W X. Effect of petroleum on decomposition of shrub-grass litters in soil in
Northern Shaanxi of China. Journal of Environmental Sciences, 2015, 33, 245-253.

KA. IR MO STIE. Jba, Aol i, 1986.

rh R B R B ORI A Y . RIERE T IT R, JEaT . BRI, 1985,

Bt B HHEARAAT (A0 . st R ELRH AL, 2000.

Andrade M L, Covelo E F, Vega F A, Marcet P. Effect of the Prestige oil spill on salt marsh soils on the Coast of Galicia ( Northwestern Spain) .
Journal of Environmental Quality, 2004, 33(6) : 2103-2110.

GRIERH, 2P0, SKIBEE . Bt A s Yt S HEAR M R s . K R OREEIFSY, 2013, 20(3) : 32-38.

Wang X Y, Feng J, Zhao J] M. Effects of crude oil residuals on soil chemical properties in oil sites, Momoge Wetland, China. Environmental
Monitoring and Assessment, 2010, 161(1/4) . 271-280.

Ogboghodo T A, Truaga E K, Osemwota I O, Chokor J U. An assessment of the effects of crude oil pollution on soil properties, germination and
growth of maize (Zea Mays) using two crude types-Forcados Light and Escravos Light. Environmental Monitoring and Assessment, 2004, 96( 1/
3). 143-152.

Trl2, Wral, KRR, BSIASIRIE I8 BRI i is Je R wiE s nasem. 3R 4b"%, 2010, 29(1) : 6-11.

Wang S J, Wang X, Zhang C, Li F S, Guo G L. Bioremediation of oil sludge contaminated soil by landfarming with added cotton stalks.
International Biodeterioration & Biodegradation, 2016, 106(1) . 150-156.

Zhang X X, Yu Q, Liu Z W, Luc NT, Liu X B, Liang X. Remediation of petroleum contaminated soil using litter from afforestation plant species
in Northern Shaanxi, China. Carpathian Journal of Earth and Environmental Sciences, 2016, 11( 1) : 197-206.

Zhang X X, Liu Z W, Hu W. Response of nutrient release of Periploca sepium litter to soil petroleum contamination. Clean-Soil, Air, Water, 2016,
44(12) . 1709-1716.

W, FEAETE, PR, FAERR, TR, B b B A E R AR W R K AR D 5 3R AR IRIE AR . AR, 2015, 35(5)
1337-1349.

Ramirez K S, Craine J M, Fierer Noah. Consistent effects of nitrogen amendments on soil microbial communities and processes across biomes.
Global Change Biology, 2012, 18(6) : 1918-1927.

BHZE, B, BRI, BRI RS M N B RS R DB ST . NS RS R ( ARBLERR) , 1997, 28(5) : 687-691.
Serrano A, Tejada M, Gallego M, Gonzalez J L. Evaluation of soil biological activity after a diesel fuel spill. Science of the Total Environment,
2009, 407(13) . 4056-4061.

Wyszkowska J, Wyszkowski M. Activity of soil dehydrogenases, urease, and acid and alkaline phosphatases in soil polluted with petroleum. Journal
of Toxicology and Environmental Health, Part A, 2010, 73(17/18) . 1202-1210.

Burns R G, DeForest J L, Marxsen J, Sinsabaugh R L, Stromberger M E, Wallenstein M D, Weintraub M N, Zoppini A. Soil enzymes in a
changing environment: current knowledge and future directions. Soil Biology and Biochemistry, 2013, 58(3) : 216-234.

Kim H, Kang H. The impacts of excessive nitrogen additions on enzyme activities and nutrient leaching in two contrasting forest soils. The Journal of
Microbiology, 2011, 49(3) : 369-375.

Song Y Y, Song C C, Li Y C, Hou C C, Yang G S, Zhu X Y. Short-term effect of nitrogen addition on litter and soil properties in Calamagrostis
angustifolia freshwater marshes of northeast China. Wetlands, 2013, 33(3) . 505-513.

Janssens I A, Dieleman W, Luyssaert S, Subke J A, Reichstein M, Ceulemans R, Ciais P, Dolman A J, Grace J, Matteucci G, Papale D, Piao S
L, Schulze E D, Tang J, Law B E. Reduction of forest soil respiration in response to nitrogen deposition. Nature Geoscience, 2010, 3(5) .
315-322.

Tu L H, Hu T X, Zhang J, Li X W, Hu H L, Liu L, Xiao Y L. Nitrogen addition stimulates different components of soil respiration in a
subtropical bamboo ecosystem. Soil Biology and Biochemistry, 2013, 58(3) : 255-264.

BEAAE, X2, Tk, . B A DU LI N T2k 1 e 5 A ) A= W 8 PR W BE VR 28 R 0 S . LR R 2224l . B
2016, 51(5) . 18-28.

Ribeiro H, Mucha A P, Almeida C M R, Bordalo A A. Bacterial community response to petroleum contamination and nutrient addition in sediments
from a temperate salt marsh. Science of the Total Environment, 2013, 458, 568-576.

Fernandez-Calvifio D, Baith E. Growth response of the bacterial community to pH in soils differing in pH. FEMS Microbiology Ecology, 2010, 73
(1): 149-156.

Dell’ Anno A, Beolchini F, Gabellini M, Rocchetti L, Pusceddu A, Danovaro R. Bioremediation of petroleum hydrocarbons in anoxic marine

sediments; consequences on the speciation of heavy metals. Marine Pollution Bulletin, 2009, 58(12) : 1808-1814.

http ; //www.ecologica.cn



