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Effects of Heavy Metal Pollution on Microorganism and Enzyme Activity in Paddy Soil: A

Review
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(1 College of Plant Protection, Yunnan Agricultural University, Kunming 650201, China; 2 College of Resource and
Environmental Science, Yunnan Agricultural University, Kunming 650201, China; 3 Yunnan Soil Fertility and Pollution
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Abstract: Heavy metal pollution in paddy soil not only affects the yield and quality of rice, but also affects the microorganisms
and enzyme activities in paddy soil. This paper systematically summarized the sources of heavy metal pollution in paddy soil, the
effects of heavy metal pollution on the biomass, population quantity and community structure of microorganisms, and the
activities of soil enzymes, and put forward the focus and direction of the future research in view of the research shortage on the
microecological effects of heavy metal pollution on paddy soil which include: 1) strengthen the research on the interaction and
mutual influence of rice, heavy metals and microorganisms; 2) on the basis of studying the relationship between heavy metal
pollution and soil microbial ecological characteristics of paddy soil, strengthening the comprehensive and quantitative analysis of
heavy metals, soil physiochemical properties and rice and other factors will be key to clarify the effects of heavy metals on soil
microbial ecological characteristics and related mechanisms; 3) Applying molecular biology and systems biology methods to
promote the evolution and adaptation processes of microbial activity and function in paddy soil under heavy metal pollution stress;
4) Enhance the research based on long-term localization experiments to understand the evolution law and mechanism of paddy
soil ecosystem under heavy metal stress on a longer time scale and a larger spatial scale; 5) The study on the effect of heavy metal

pollution on the enzyme activity of paddy soil should focus on the mechanism and the combination of kinetic and
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thermodynamic parameters of soil enzymes in order to deepen the interaction mechanism between soil enzymes and compound

pollution, and further reveal the toxic pathway and mechanism of compound pollution, meanwhile, with the aid of molecular

techniques, explore the characteristics of more undiscovered enzymes in heavy metal polluted paddy soil, and find more sensitive

and widely applicable comprehensive indexes of heavy metal polluted paddy soil in order to provide scientific basis for risk

assessment and bioremediation of heavy metal polluted paddy soil.

Key words: Paddy soil; Microbes; Enzyme activity; Heavy metals; Respiration intensity
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Table 1 Environmental background values of heavy metal elements of major soil groups in China

R 2N As cd Cr Hg Pb Zn Ni
K+ 10 0.142 65.8 0.183 34.4 85.4 27.6
A 10.2 0.078 60.1 0.037 26.7 63.2 25.1
i 4 9.7 0.103 66.6 0.047 21.9 71.1 29.6
EAR- 13.6 0.065 62.6 0.078 29.1 80.1 25.7
B 12.4 0.08 55.5 0.102 29.4 79.2 25.3
g 10.8 0.092 64.5 0.053 25.1 68.5 26.5
Hy+- 11.6 0.1 67.7 0.04 21.3 74.1 30.7
E g 9.4 0.094 58 0.047 27.7 82.8 30.7
41 10.5 0.098 575 0.016 16.8 67.9 29.3
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Fig. 1 Sources of heavy metal pollution in paddy soils
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Table 2 Effects of different heavy metal elements on microbial biomass of paddy soil

TEE SR WEM A Y AL 225 30k
Pb, Cd, Cu, Zn WA EY R .. A T, w5 e A 2E R [23]
Hg WUE P A Y Bk Rk BE T . mIRE TR [24]
Cu. Zn, Cd. Pb WAEYEY R A FRAR [25]
Cu. Zn, Pb, Cd ZHT54: (PGRYIER 7 F ) FRAR [26]
Cu, Pb, Zn. Cd Y4t K DTPA iZ#1 (GG L7/l I - FEA [27]
Pb. Cd. Cu MAEMA YRR . A AR [28]
Cu. Zn. Pb, Cd E&T5Y MAEMA YK . A FRA% [29]

4R 15 YL RENS W B e IR S BT L InFARAI
T AEE Y Yy i | BTSRRI R TR R
TR SE, R, B4 BTG YA RER Y
FEE LA, W) 30 B ) 2R, R X 52 i i 2 T
SIEEYARE | EAJRITEARA KRR R WY
TR R (pH . L AL . HLARALAL
KR A A5 R R T 5+

I W — AR AN | BB R AR, AE
AN T e g 91 I 0 B 4 o+ BB A W B K A R
M AN — M E A, AR, B4 8 Cu. Zn.
Cd.Pb & A5 Y KR 0 MR A SR B s
AEMEIRMRANTE . JT . R WIS SUR . Gao %PY
i 1 2 AL B0 A 5T 4 SRS P AR W R 4G
Fxl AR A Ts Y ima R &3, EAJE Pb. Cd
S5 Yk K e 20 B R 2R T B R RN AR
A ITRENC PO R N U P Gl B N E S
T A W% 5 4 I U R FE R TR), SR A 450
WIS A FEAE Cd™ . Cu®" XA KHE
A W AR B R & B, B4R TS Y AN 1+
e R RERCR A S R 25 SRR, IR E YRR R
X Cd™ AR IR >N > B, 4 Cu™t Y
BRURR R S B> R B> AR . SRR E R A5
RRIE AR RGERVE R E RN EE S,
REAE A I A 7R IR BTG YR ) e ik
SER ZREVERYBSE, H T Biolog BREFIT L . IR
PR 1% 15172 (FLFA) . H 3% 7K1 A5 32 48 80 )7 74 (CLPP)
FIFET PCR M5 F AW AR X 95 g i X
BN ORI & JE R R T 4 TR S YK A 1
LA IEVR 2540 3, N TR P T 4 S ¥ ) e F - 4
B BER LA AT W, FLRA A 5 YRR A3,
U390 T AR X 0 N 218 S e, SRR B Y A X
Bloaek Um0 BUREVR S AL BE A T A T Y R R Y
Tt — 25 AP0 T ek S P8 1o 1 5T R 4 i T et
IR L MUE Y REIS S5 R 0, AN AL PLFA Y

ALBREE LR 30% LA b, o2 [R PP 5 4 22 IR ]
PR Y I R EC AR g, T 5 /40 114 B AR T
2y 70%, Eaimini N BIERUEYIRER A L T
UIRTA: Do

3 ERREEMNKBLUMEYFERET
A

3.1 EE£ETHEXFKTE L FFEREE§#0

- SRR 5 R - A s T AR B, AT LU
KAl 2 SR W A A SR R R LI SR
TG — I AR YR bR . — RN, LRI AR
FHARBE RO, FeBH IR W is e sy, DA TR
T HE R G Y B A R . BF AN DT
WFFEASRIRRBE Cd Joirai %o s 7K R HE A 39 0 i 3 1 52
M) 2 B, IR EE Cd S X 7K A FH S g i i
A—EREAER, A I 2T AR
1 3 AR T ST Pb 15 Y XK R £ LR IR AR
FHISE, e IRRE A B 75 B o) B B4, SEREPF AR FH
B Pb v B TH = M58 o A7 R 40005 e AR Pk 2k
R, RMKEE Cd HHargsgin, MRERAEHER R 415
P 5 B 38, (ESE IR /N, AR PRI i 3 K TR AR
PrH2 5 02 JEm 2R i N 3R O B R AT R
Jr UMUK R L E A @ T5 Y T ) L3 & B, 7F 60 d
FIRE IR, AT 7 d BIEREIEORES 5 T A HE
I HY 30.89% ~ 64.37%, - HX—BrBE 4R+
S W TSR 11 5 M e K
32 ESBRTRMABIERENRZIN

T HEEE S S L GO R G Y T, TR
TR TG ABET - MGUEY), WA ReRk AR R . +
B X RSP AR AR R AR AT LR Y
TENLFITHREN Ky =2l . OMNEE: 74
THEFE A R AR A e s A S e 4N e 414
T — P ; QIS . AR R . ISR
FI T I TETE AR AN R, LML R FIAE R &

http://soils.issas.ac.cn



1156 +

e %53 %

VI ot s QL5 S FEWHPRE, FHE
553 ik ) 20 LR R v BT L ZE B AELR Sk ) 20 L £
il LR B {EAN T3 58 04 40 M PP A e Al . L b Y

it AN Bl - 3 oA BIL BB Ak o3 A L35y C
N. P HI S AR (K 3), iR LT A 2 A W)

FFEHR

*3 BHSEREH

Table 3 Classification and function of enzymes
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Table 4 Effects of heavy metal pollution on enzyme activities in paddy soil
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