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Effects of Phosphate Rock, Bone Char and Rape Straw on Quantity of Bacteria and Archaea in Soils
Combined Polluted by Heavy Metals

SUN Xiao—hua', HUANG Yi-zong", XIAO Ke—qing', WU Wen'?, ZHONG Min', XU Feng', LIU Chong-min'?, YU Fang—ming’

(1.Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China; 2.Environmental and Resource
Institute, Guangxi Normal University, Guilin 541004, China)

Abstract: The activity of microorganisms played an important role in soil ecosystem. As one of the sensitive indicators of monitoring the
quality of soil, the gene copies numbers of microorganisms were more and more used to diagnose the change of soil environment. Effects of
different amendments on the 16S rRNA gene copies numbers of bacteria and archaea in soil combined polluted by heavy metals were studied
by using real—time polymerase chain reaction. The results showed that the range of 16S rRNA gene copies numbers of bacteria and archaea
were 6.02x10°~1.82x10" and 7.99x10°~2.97x107 copies per gram of dry soil, respectively. Addition of different amendments and planting
maize could influence the 16S rRNA gene copies numbers of bacteria and archaea in soil contaminated by heavy metals. For the treatments
without maize, addition of phosphate rock, bone char and rape straw led to the increase of gene copies of bacteria in soil by 116.8%~163.2%
comparing with the control treatment, and the phosphate treatment and bone char treatment led to the increase of the gene copies of archaea
in soil by 171.1% and 224.8% respectively. For the treatments planting maize, addition of bone char and rape straw led to the gene copies of
bacteria in soil increase by 104.2% and 92.0% respectively comparing with the control treatment. Except for the gene copies of archaea in
soil increase of 231.3% by adding bone char, there was no significant effect on the gene copies of archaea in soil by adding other amend—
ments comparing with the control treatment.
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Table 1 The physi—chemical properties of soil and amendments

b pH HHLT/g kg |- 38 5 b Zn/mg-kg’! Pb/mg-kg™ Asimg kg™ Cu/mg-kg™
-3 3.99 19.81 b Joi 1 24733 1 053.0 27429 147.7
By 7.99 — — 51.0 2.74 — —
o 8.89 — — 159.0 2.12 — —
TEREFE 8.16 — — 14.8 0.83 — —
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Table 3 Effect of different amendments on the pH in soil

L TR AP TR
CK 3.97+0.09¢ 3.99+0.10c
PS 4.03£0.06ab 5.80£0.07a
BC 4.90£0.11a 4.93£0.07h
RS 4.17£0.07h 4.11£0.08¢

VP TR 2 (n=d ), [V 9 R [ RE 5 b B ] 25 57 b
(P<0.05).,

P 2R ) B KA PR A RS, S AL B RE IR #
W, NI BRARER A R AR Az B T R, R
A3 T 1A AR FOR ARG ZE . mis
B 5B K3 A RN FORA ST, JEIL S Iy
AR BRI FORAEARAE IR . (H R Bl 2 35 35 ) ] frg 4
%, B AL FORFEARAE T A A B K ARy 85
7% 50 d R oK, 3 B R34 S 3 EOK g |
Pt B LT A A AN RIS B B 3G, TS N e A
PR 5 M T EOR A M B e FE (P<0.05, 1 1),
RSNk R AV FRAERAR 2T, XAl
AE 2 T U ke R 50 iF 398 B 4 A A R

2 i@ PCR 519 REMRNIEF

Table 2 Primers and PCR conditions used for the conventional PCR

Hirktd 519 JPA(5'-3") 1R Be SR S 30k
Target group Premier Sequence Amplicon length(bp) Thermal profile Reference
M Ba27f AGAGTTTGATCCTGGCTCAG 800 94 CHZETE 1 min, BiJGIEFR 40 YRALFE 94 CAZTE 20 s, [17]

Ba907r CCGTCAATTCMTTTRAGTTT 59 CIRK 30 5,72 CIEA 30 5,83 CREHUAE om0
T Ar109f ACKGCTCAGTAACACGT 880 94 CHIAFIE 1 min, FJS G 40 EFE 94 CAFIE 20 s, [17]

Ar912rt  GTGCTCCCCCGCCAATTCCTTTA

59 CiR K 30 5,72 CIEA 30 5,83 CHFOE L
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(LR 4), XA R R AR B 31 8 3 R T 52
e 25 P & HFEAK 64.9% F1 65.7% (K FiAl 1K),
55.1% F1 64.9% (Fh Al EoK ). 474 F8 05 Z [0 1Y
Pearson FHICPEAHT (3 5) , KPR FIAE BT, 14
Y TR LR DA R AT A2 42 Ph I Cu 34 52 I 311
TR, 5 IR B RS As 52 0 2 A IEAH G
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Table 4 Effect of different treatments on the concentration of acid extractable Zn, Pb and Cu,and specially—sorbed As in soil

e ESHIER N GURIEESS
Zn Pb Cu Zn Pb Cu As
CK 469.1x11.4a 13.1+2.3a 15.6+1.3a 111.8+4.6¢ 484.7x17.4a 10.7+1.5a 14.6+0.4a 107.2+4.4b
PS 399.9+3.8¢ 4.6+2.8b 8.3+0.6b 156.8+4.6a 334.9+16.9¢ 4.8+2.7h 6.4+0.2b 153.8+3.8a
BC 436.4+6.7b 4.5+1.0b 2.2+0.1¢ 128.6+11.3b 452.4x14.1b 3.8+2.2b 2.4+0.2b 119.0+12.0b
RS 323.0+6.4d 9.0+3.2ab 6.5+0.1b 129.6+6.7b 483.9+7.0a 9.8+2.8ab 8.9+0.9ab 105.1+1.1b

T P I EARER ZE (n=3 ), R FA [R5 7s A P R] 22 53 2% (P<0.05 ).
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Figure 2 Effect of different amendments on quantification of 16S rRNA gene copies of bacteria in soil
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Table 5 Correlation matrix of heavy metals concentrations and the 16S rRNA gene copies numbers of microorganism,

and pH at the treatments without maize

AR DUE by G PR DL pH BRI Zn BRAIZSHAS Pb BRATSSHRAS Cu BRI As
A LR DS 1.000
AR DU 0.247 1.000
pH fi 0.489 0.760% 1.000

B2 ] 323 Zn -0.564 0.124 0.227 1.000

AT 584075 Ph -0.607* -0.671% ~0.719%x 0.193 1.000

R AT 22445 Cu -0.843* -0.478 —0.766%* 0.392 0.711%* 1.000

LRGBS As 0.616* 0.526 0.843%% -0.078 -0.606* -0.898% 1.000
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B, A S 0B Ak B 2 b A R - g vy B 1 S R
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Figure 3 Effect of different amendments on quantification of 16S rRNA gene copies of archaea in soil
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Table 6 Correlation matrix of heavy metals concentrations and the 16S rRNA gene copies numbers of microorganism, pH and

biomass at the treatments with maize

AHTRTEDPE DUl TR P DL

pHAE  FRAIACHAS Zn TRAIACHAS Ph BRATACHAS Cu LRI AR As 2RI fiF o

21 3 R4 LA 1.000

LR DR 0.686% 1.000
pH ff 0.688 0.926% 1.000
TR W] S AS Zn -0.514 —0.8927% —0.922%
AT 55345 Pb -0.285 -0.397 -0.425
R Al 32475 Cu -0.489 -0.555 -0.479
LMWL As -0.177 -0.047 -0.078
BNy 0.545 0.900% 0.952%%

-0.164
-0.988%*%*

1.000

0.507 1.000
0.570 0.815%* 1.000
-0.750%%* -0.638%* 1.000
-0.543 -0.560 0.140 1.000

T RIRTE 0.05 /K- B i A5, FIRTE 0.01 K AR A,

A K R IR SR SR s AU, MR AR T AL IR 0 R RE T3
SR, TSI L SRS VAR o, T LEAR AR B
PAER AT LTS AL R SR, e R A AEY)
ARG F i AN H IR R A

3 INGS

VNI H53 |1 e TSR A 45 5 1R 501 AT A [
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1 Cu, FRARHA: WA 20ebE o B R oK 75 0] 52 ) - 4
b B FIZHTE 19 16S rRNA KLPRH2 DUEL , Fivk F oK,
B e b F AT I S b AR R - v AN R R T 16S
rRNA JE R385 DU ARl TR AT, B0 H) L  FH R
FEFF LA - SJEAH TR AT B Y 16S rRNA JE[R 45 DL %™
AR A5
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