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Effects of bacterial fertilizer and peat soil extract on soil Cd extracted by plants

HUANG Yan, HUANG Jingqi, ZHONG Xianhui, WU Qitang, CHEN Yangmei, WEI Zebhin"

(College of Natural Resources and Environment, Guangdong Provincial Key Laboratory of Agricultural & Rural Pollution Abatement and
Environmental Safety, South China Agricultural University, Guangzhou 510642, China)

Abstract: A greenhouse pot experiment was used to study the effects of bacterial fertilizer and peat extract solution on the biomass and
cadmium enrichment characteristics of Sedum alfredii, the Cd availability and physical and chemical properties of the soil, and the Cd
content of the subsequent rice crop under dry conditions. The results showed that, bacterial fertilizer and peat soil extract improved the
extraction efficiency of heavy metals from the soil by Sedum alfredii, and applying two liquid bacterial fertilizers had the greatest effect. The
amount of Cd extracted by Sedum alfredii was 0.34 mg - pot™, which was 2.1 times greater than that of the control, and the amount of Cd
extracted by Sedum alfredii treated with peat extract was 0.32 mg + pot”', which was 1.9 times greater than that of the control. The
phytoextraction rates of Cd were higher for these two treatments, reaching 13%—15%, and the reduction in total soil Cd content ranged from
17.55% to 20.41%. Compared with the control, Cd extraction by rice grains and straw increased by 30.31% —396.24% and 12.36% —
257.65%, respectively. Cd uptake by rice was highest under the combined treatment of bacterial fertilizer and peat extract, resulting in a Cd
content of 2.14 mg + kg™ in the rice grains and 2.88 mg - kg™ in the straw. The total Cd extraction rate of rice shoots reached 3.15%.

Therefore, the double application of microbial fertilizer is an effective measure to enhance the phytoextraction of Cd from the soil by Sedum
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alfredii, and the combination of microbial fertilizer with peat extract has the potential to promote the phytoextraction of Cd by rice under dry

conditions.

Keywords : phytoremediation; bacterial fertilizer; peat extract; Sedum alfredit; rice; cadmium
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SR PERF A , O Cd 15 YA H A AL 18 52 3R AR Y
4%3‘\%0

1 #MEEFE

1.1 fk# et

BRI R A RO K R A T Cd s Y 14
pH 4 5.66, A HLF &4 35.96 g-kg™', HA M 1.49 g-
ke, BN 0.88 g kg, BB R 10.21 g- kg, CEC N
12.60 cmol - kg™, & Cd 7% &4 2.45 mg- kg™, A543 Cd
THN 13 mg-kg'o HP R Cd % i IA 2.445 mg -
kg, AL T (R EPREE T A b s gl XU A
Ebn i R 17) ) (GB 15618—2018) H1 2.0 mg- kg™ Y
Cd % 12 XU A

TR0 P AT A AR TR R —— TR = 2 A ARl
AT 11 125 o VR AARNES , A BT 1% 5 >40% , Hoh g
TR P >20% , N 2 FE IR 135 1R 55 2 P i M L 43
A A ST A5 0 kA AR HEAE P AR AE K 4R
FARNEDD = 5 B S 5T o e s o L RKAR BRI
SR 2l me At AR AT I B e e B LT
260% , X e s A TR R AR BUE P IR IE 16 7] o 3K
56 T FH A A 85 YR i) % < TR S RV 500 A5 5 B,
W pH Ry 4.53 5 8 e 12 2 W 4 2%« DLK R i 4 551
P LMK TR A 1010, 32 4283 [a] 12 h, 2327 pH
$5.56
1.2 i35 i& it

AR pd e RIRI R FH Ak, 3 A AR KT IR0 5 mm
i , FEAM TR AT 3, R R 2 A KHLPO. (35 R 43 B4l )
VEHNE S - 48R 5, FHEE 7390 - A0 100 mg-kg ™', 5 80
mg kg, B 100 mg-kg ' BEAERE L 1 ke, BEAFIAG 2 R
KNI AR R e R, 3L S AR BRI PR 4 R A

W PR o 7 i S R ) AR - R S R R KRS, L
AL 1, A 4R B, B 1108 kg, B
WREBOKAE 3 IKFELE R HR 5 43 BE A 30 d AR ¢
IR K)Z 1~2 em IR KRS 0 BEWI B 5 , 40 BE
WG BAEETE T OKIRTEKZE) -

KR AR T 20224 3 J 19 H K3y
ST AR SR AR 7R T 4R TS e iy - s A B R 4
TR AE B % i 4 40 mL, I AE RS HR T 45 50 KT
2022 4E5 7 8 HEA 755 — Wb B A B I, J-2 . T Fl
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Table 1 Experimental design of pot plants

by AR RS TSNS Addition period
Treatment Liquid fertilizer Additive amount 5K Sedum alfredii JKF5 Rice
CK ¥ & J ¥
J-1 ) 40 mL B BAREE 50K SEREE.
J-2 e R 40 mL R B, FEH R FERER 50K, IIBG 7 d PRV GR35, 2 EE
T Terk BRI IR 40 mL U8 e+ BRI, SRR FEAEE S0 K, MR 7 d FRUCHEIN AR, 2B
T RS+ TP TR 40 mL A NE+40 mL Y8 s R4, UMk BBARAT SO K lfs 7 d Mt &I, 22 R

JTAbFRAE IR 7 d 5 T 2022 4E 5 A 15 H #1758
AL AN, R DK B R PR — B, 2022 4F 6 H
30 H ISR AR B s %, P R 103 o 7K 7k it
5F 20224E 8 H 16 H £ 20224F 11 A 24 H ¥E47,2022
AE8 H 19 HIRH WA T4 — WAL B W i, 2022
AR 10 7119 H 22 BEHASEAT 56 U b BV v i, Fp
JEIA A 100 d.
1.3 HRmHMRESHH
1.3.1 FE5L P FAL PR

IR P s KR )RR i AL B BY ) B BRUAS R 5
Kb 353 WO F5 1) 43 P 50 K E SR K vhise 3% 1
HY AR 5T, P A K e 48 T R K 53, B AR R 55t
KAENAGE, T 95 CAFH 1 h, RGBT 45 Crypts
Rt BT R E E PR RS N R AR AR R s R T
Jo e A W W LT R S RO AR, A T
LR AT

IR RERERAE S R4 B KR ) /K AT R R A T4t
TWe7e , IR LT i, AR AL S I & 3 48
A7

- A T A 3 K A ) - IR AT,
R SR A AN [R) A B A AR B 38R & L A SR KT, B
PRBIFES IS 43 05 20 H A1 100 B, 43 T ARAE T8 11 4%
#=H
1.3.2 FEE AT T

- 38 AR AR AL P A R A Ak 2 e
POPIEAT 5 1 pH AR R K £ o 2.5 1 A9 HL
ik s T4 &R A AGE R DPTA $8 Bk s s
4@ 4B ff i HNOs—HCI-HF S 1 i s #1428
i HNOs—Ha O B0 1 i s I JCHE - W O ik
S 7 F 42 )8 Cd.
14 HiESHERZE

BT i ) Excel HE4 T4 HE, FH SPSS 26.0 #£17 HA.
PRI 28 7 22 53 A i 25 57 B B MR 59 («=0.05) , 1 Origin
2021 4K,

13 H 4 B HE UK (% ) A 9 W R 4
54+E 4R D8 AN E S BEER, Y E £ R
(BCF) AP 3845 Cd &5 e 4 od it LUl
RFIR o AR RO A AR BOR I A
Wy 5 A R O R R BRI R,

2 ZER59Hh

2.1 WEERXREMEM N

JNE AT LR Y, 5 B A A B it o I
Yk LIRS W P T AR S K M B A )
(P<0.05) , M AEAR B T A St R B AR o il mg vk
A TR AE (J—2) %5 71 T 5 R 10 A A 8RB
e W A PR AR T 99.68% it i — YR VB T IR
(J-1) Ve I 3 (T) LA K B AR R 5 1 0 & A
(JT) X AR i s R B A 3T R A T, LA i Xt
HELL TR 425 T 63.16% .64.58%.59.77%
22 MEBEXRESESENEERYNTM

Jite YR B R R e i 32 3R VR W T AR R e R
i EFRCd i (£ 2) . TAMBEAYZR M 5 K Cd 7% e die
1,155 260.45 mg- kg, JEXT BRANHA) 1.8 4%, J-1 Al

207
4 a

1 L6t | a

= a | l
”ﬂg < 12} t l 1
= A
B2 o8
H 2

04t

=

0
CK -1 -2 T JT
Kb Treatment

AN INE TR R ARAL B R) 22 5 1 2 (P < 0.05) .
Different lowercase letters indicate significant differences among
treatments (P<0.05).
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Figure 1 Biomass in Sedum alfredii in different treatments
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J-2 Kb HR A AR 5K Cd 5 o0 IR BRAL B 1.1 £
FI1.643% , 156 B Bt 25 Y8 1% T AU it PR 0 5 A 186, 4
K Cd &SR — P4 E . RIEFIYE b 1= S
A GO T, A pg 5t K Cd % = I 38 & IR N
53.2%. Jiti i B A A e IR BRI T AR R
KW CAAEYEE R, Hh T CdAEY) & 4R R AL
£#106.52, i KF 1,

x2 ARLEBEFERRM EHCISE(TFRE)

Table 2 Cd content in Sedum alfredii in different treatments(DW )

b3 Cd &k CAEERIL
Treatment Cd content/(mg-kg™) BCF-Cd
CK 142.56+30.65¢ 58.30+12.54¢
J-1 161.26+33.25b¢ 65.96+13.60bc
J-2 232.65+78.54ab 95.15+32.12a
T 260.45+61.30a 106.52+25.07a
JT 218.35+48.64abc 89.31+19.89ab

R PR A B AR U2 s RIS R NG Rk R AN R Ak 3
6] 22 53 8 # (P<0.05) . T,

Note: Values in the table are mean # standard deviation; Different
lowercase letters in the same column indicate significant differences
between different treatments(P<0.05). The same below.

23 MEEEXRENESENZME

Hh 22 30T LA it s A B4 3 T 2 i o KX
Cd P2, BRI N  J-2>T>JT>]-1>CK. it
PR A TR I (J-2) A3 B B, 7 B e R X Cd $2 B
154 0.34 mg-pot™, JEXF ARAL B Y 3.1 £ e e LI 42
WAL PR (T) B9 ARG 5= K Cd $EHUE 4 0.32 mg - pot™', J&
XTHRAY 2.9 4% o T2 AT kb FH % 45 1 52 R % Cd A HRH
BAYHEE T 14.98% F112.92% ., HHIEFIJE 5 11242
T2 A AL R B AR T R Cd AR U R R A T2 —
TN R AER B — S iR % IR SRR A PR, AR BOHCR
F11.47% . T REFE s 352 $2 AT 3 2o B 5 AR
SR AR A K Cd & ok s Ak 25 B = Rx +
B Cd IHEHERL.

R3 AEVEFEERPCIRRERRRNE(THRE)

Table 3 Extraction amount and extraction rate of Cd in

Sedum alfredii in different treatments(DW)

st Cd EIES
Treatment Cd extraction/(mg-pot™) Cd extraction rate/%
CK 0.11+0.02¢ 4.47
J-1 0.20£0.03be 8.28
J-2 0.34+0.15a 14.98
T 0.32+0.03ab 12.92
JT 0.28+0.13ab 11.47

24 WMHEBUMRMELESENFMT

A T) A B X - S5 BRAR R B S e L 3R 4 S X
HEAb B B it o o JE 0 3 e 1 98 B 806 + 48 1Y) pH
H AU TR AR E . B pHEAEAR
B, TR 2 WS ) =40, 3R B 1% wiRE T
SR DR o R AE AN e i R BRI A it (JT Ab )
WS T RIEAPUR S R, X R B g T
4.81% ; T L7 it FH 0 A 98 $ Y RAAIG T 38 ML)
T

ARV PR L A Jm S LR S, R AR
SR, AR 434 od & i AR AR, T-
2T I JT Ab B A + 38 4 Cd 5 5 35 8 351K 1 X B8 4b
B oAb -2 Ab Y 3 Cd SRR, KR T AR,
55 RRARBEAH L J-2 A BE B 432 Cd 4 R RRARAR 1
20.41%, T AbPEAY 35 Cd 4> 5 PR IR 0 17.55%
ARE S RAPLS , A RS od & & b R A RS
A NAEAR , WA AE SR AL 2R g s RAE D PR , B3R
RS Cd & i IR e, -2 Ab 38+ 5 A0S Cd
PrE . AR S 1 12 4R P AR AR IR SR L T
AR s RO R Cd W3R, TR T b iy
EEE TR,
2.5 Xk FER RN

AN TR) Ak B ) 7K R g K I 2R I 0 i A= 4 L Cd

®4 ARLEHTEEBLER(FRE)

Table 4 Physicochemical properties in different treatments (DW )

Jb 3 A BT AR B A A
pH Organic matter/ Available phosphorus/ Alkai=hydrolyzale nitrogen/ Rapidly available potassium/
Treatment B 1 -l -1
(g-kg™) (mg-kg™) (mg-kg™") (mg-kg™)

CK 5.82+0.10a 38.65+0.39b 67.51+2.70a 150.28+4.86a 198.51+9.34a
J-1 5.86+0.07a 38.73+0.42ab 64.64x1.61a 154.00+8.57a 196.86+6.37a
J-2 5.92+0.14a 37.95+0.76bc 64.98+4.19a 145.95+13.83a 173.01£20.03a
T 5.88+0.08a 37.33+1.13¢ 64.07+3.51a 151.03+7.28a 173.15+20.86a
JT 5.79+0.07a 40.51+2.11a 62.36x1.61a 147.35+8.03a 184.02+22.70a

P 1%) WHARTY
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Table 5 Soil heavy metal content in different treatments(DW )

Ak aHCd DTPA #£ it Cd
Treatment  Total Cd content/(mg-kg™) DTPA-Cd content/(mg-kg™)
CK 2.27+0.11a 1.51+0.14a
J-1 2.24+0.06ab 1.51£0.05a
J-2 1.95+0.17¢ 1.33+0.16a
T 2.02+0.09¢ 1.39+0.05a
IT 2.05+0.16bc 1.42+0.13a

TR CARBUE LR 6, T8 T4 T /KFIXT Cd i
Wess g, it — 2 A p 5 ORAB K S AT K A R,
FEAE A B S A 595 T (A K2 B AR e
AR HE KA XT Cd AW R, AN [ YR A HE Ak 2
PEwE T RDKAZE M A Y an, P2 T ROK R ZE I Cd
P, AR M R Cd S p B S G T KR X
3 Cd R 5% B AL BEAH H , A (] (A A Ak B
P4 TR R ZE 0 Cd SR IR | 8 R 4 ) ok
30.31%~396.24% F 12.36%~257.65% ., A [A] &b B i
ZK R M b B 4 18 Cd Y S 4 R LR 0.7%~
3.15%, Horp T AL BUFN T Zb BRIK F T 2.39% F13.15%,
P AN e LR B W AL T 7% T 4514 T K Rk L 48
th CA R ER L, ILAh AR AR B KA 25 Cd 5 5
TRIK, ZEM Cd & SRR 1.35~1.76 %

3 g

3.1 BB R LR RB R R RE R

TS - S 4 s Y B B Ry AR i R
R g Jm R PE R o S AT LA A A
PR RR A, 3 AR 7 i B b I, (T
LRI A I s K BV AR AR R 28GR o i
PR 5 1 AR R S R B AR A A= i A Cd 5 i (8T 1
T 2) , X5 LS AT AE PR 2 S 1R VA B PR 55
2 1 O3 BE 2 e LD X 46 i ) IR AT O,

Jita fin 2 U B IE AR Tt 1Yk . A ML kL GE
P 5 2R B o R B SR, A S 5 it i e o -3
WG, 75 r s RO Cd S IUSCR AR R A H 2 = T 1.8
5, X2 R R e sk R B R R A A LR L A R
SN A5 i 5 3 B AR R T DA o AR T e KB A 1
Cd FRCRPY Vs AR AT AT AT DA S A ) 0] 5 4 I 1)
WS, P AR A IE X5 4 35 T 7 p o K Ml 3 Cd B
ISR 260 mg- kg LA I, 1 E TR E S
Cd A 100 mg-kg™ A FEBRIE X G F) T4 = A
() JE SR B
32 BT EUHETABY CARRE RIEE TR TER
BN

FEHEK 30 A A AT KRR L3 Y
C W STt 2 18 >4, SR BOCH il 14— 25 31 w8 7K e %
Cd AW ISCAT B2 3 o0 B B A AR B AR -2 rp Cd 3 1
Jita Jon TR G e IR AR B TR A X
S 5 TE AR R S R I RCR (IR 1) R R 0F 5% 45 SR 2
—EUe R T AR IR R ik R AR
VBRI A il FH A RS 41 v RSO RNRE FF Cd f 2, X
Cd [ A2 HRR B T 3.15% , 55 BphFif 7 B 5% KX
Cd MY HE R 4.47% FEAR (2 3) BRI 1 H R 5t R
A2 ARSI X HE A B A /K RS 25 Cd 25 &K 0.94
mg- kg™, IETHE A X AR R Cd 7K F Cho—ko—koku
i PSS AR DA R AR A R R AR CA KR R,
FATANE e s 1248 554 K R A e ER0%  ff
IKFER R o LAHET LR s S A

FRE AR R s KA AT S /K R AR K Cd 5 4t
HIFHER A Cd &4 0.53 mg-kg ' (£6) , 5 T1ER
FhRE A< e S R B AR ) 38 B RK Cd %5 (0.39 mg-
ke ! BUAE ARG AR S KA B R S AR T
—ZBAEY T 4 JE WA R, AN —ZE AR
B KA, AR CdAIA RS Cd &K R s
(F5) , BANEIA KRG A=, 38t fin i AR A

R o AEEAFBEYE CIREMRBE(TRE)

Table 6 Plant biomass, Cd content and Cd extraction amount of rice under different treatments (DW )

FEK Grain 251} Stem and leaf .
4b 3 Cd #rit CHEHUE Cd Pt Cd $ I Ca AR
i MWy CE = He dmH CIER R Total Cd extraction
Treatment Bi n ) Cd content/ Cd extraction/ Bi i ) Cd content/ Cd extraction/ rate/%
iomass/( g+ po iomass/(g+po
ep (mg-kg™") (pgepot™) &P (mg-kg™) (pgepot™)

CK 8.49+1.75b 0.53+0.01e 4.52+0.88d 8.73+1.47a 0.94+0.01d 8.17+1.38¢ 0.70
J-1 10.01+0.62ab 0.59+0.03d 5.89+0.36¢d 9.71+0.89a 0.95+0.03d 9.18+0.97¢ 0.81
J-2 10.19+0.23ab 0.77+0.01c 7.83+0.18¢ 8.92+1.04a 1.16+0.02¢ 10.34+1.13¢ 1.17
T 10.76+0.75a 1.40+0.02b 15.03+0.92b 9.69+0.74a 2.42+0.03b 23.48+1.91b 2.39
JT 10.50+1.43a 2.14+0.03a 22.43+3.04a 10.16+1.34a 2.88+0.03a 29.22+3.83a 3.15
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ek I IR F R K Cd % &, R OK Cd S
THEZEEN DARUE02 mg kg™, T P& M4 4
JUBS: o MK T TR 008 52 4% B 1 8 Cd A #R R,
IKAF IO B RO, T DA% TEAE T SR O AR
FE LAl SR A B AT S G A AT A

4 it
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