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Bacillus megaterium and citric acid enhanced the remediation of Cd—contaminated soil by Celosia argentea
Linn

ZHANG Bing', LIU Jie"*', JIANG Ping—ping", JIANG Xu—sheng', DING Zhi—fan ', CHENG Yan', LEI Ling'

(1.Guangxi Key Laboratory of Environmental Pollution Control Theory and Technology, Guilin University of Technology, Guilin 541004,
China; 2.Mining Geological Environment Rehabilitation Engineering Technology Innovation Center, Southern Shishan Region, Ministry of
Natural Resources, Guilin 541004, China)

Abstract: To study the effects of citric acid and Bacillus megaterium on the remediation of Cd—contaminated soil by Celosia argentea and
optimize their application rates to improve remediation efficiency, a pot experiment using a 4 X 4 factorial design was conducted to study
the effect of citric acid (0, 2.5, 5, 7.5 mmol - kg™, and 10 mmol - kg™) and B. megaterium (0, 10%, 10° c¢fu - kg™, and 10" cfu-kg™) on
phytoremediation of Cd-contaminated soil by C. argentea. The results indicated that the application of B. megaterium and citric acid
significantly increased the biomass, Cd concentration, and Cd accumulation in the roots, stems, and leaves of C. argentea compared with
the control (without B. megaterium and citric acid addition). Application of 10° cfu-kg™ B. megaterium and 5 mmol kg™ citric acid had the

best effects, and increased leaf, stem, root, and shoot biomass by 48.7%, 43.3%, 78.8%, and 45.6%, respectively compared with the
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control. With 10° cfu « kg™ B. megaterium + 5 mmol - kg™ citric acid treatment, the Cd concentrations in the leaves, stems, and roots

increased by 75.8%, 76.3%, and 74.6%, respectively, and Cd accumulation in shoots increased by 159%. The highest Cd accumulation in

the shoots and the rate of Cd removal were 1.03 mg - pot™ and 21.02%, respectively when 10’ cfu - kg™ B. megaterium and 5 mmol - kg™

citric acid were applied to the soil. Therefore, the application of citric acid and B. megaterium at a concentration of 5 mmol « kg™ and 10’

cfu-kg™', respectively is most effective for improving the remediation efficiency of Cd—contaminated soil using C. argentea.

Keywords: citric acid; Bacillus megaterium; Celosia argentea Linn; phytoremediation; Cd contamination soil
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Table 1 Treatments in soils
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10" B10-CO B10-C2.5 B10-C5 B10-C7.5 B10-C10
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Figure 2 Effects of different treatments on available Cd in rhizosphere soil
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o b, LI b R AR R A RN R A
1B 5 A e AT SE PR SRR 2 — , SRAE T AEY)
M W1, E TR 4R OB B R BCR 1
AERRC T S EE < e AR R A R/ NIRRT A G

BHEBERNZMm

Table 2 Effects of different treatments on enrichment coefficients of C. argentea

Cco C2.5 C5 C7.5 C10
BO 15.8+0.3j 20.8+0.4¢ 22.3+0.2ef 21.8+0.1f 21.8+0.4f
B8 18.7+0.3i 22.8+0.3e 24.9+0.3¢ 23.4+0.3d 23.4+0.6d
B9 19.8+0.2h 25.0+0.1c 27.7+0.4a 26.6+0.5b 26.4+0.4b
B10 19.4+0.4h 23.5+0.2d 26.2+0.3b 26.0+0.3b 24.9+0.2¢

e ARFVNG FRE SRR BUE M A ST R R 3% 22 57 (P<0.05,n=3) .

Note : Different letters in the table indicate significant differences among the treatments according to the LSD test (P<0.05,n=3).
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Figure 6 Effects of different treatments on Cd accumulation in shoots of C. argentea

1% WHART]



KUK, 5 FORZEIRAT I 5 R RIS AL 35 A 18 S 15 e 1R 5 559

R, — O SR T TR B AR A Y R R K,
Ty R R BT R SR R I 4 AR )
PR 55 , BIVRE 0 1A 4 i ok B P R/ N

AR 45 W R TN B K ZE AT B AR A R
FEE T H A B YR E RN T 29.6%,
Esringii ZEPFSE @78 7E 100 mg - kg™ Cd 75 4 -3 4%
1 1.5%10" cfu-kg™ B R ZERFT B 5 H 85 RS 09 4
P28 T 3.3% , Han 56050 3E B ES I 2 mmol -
ke PR IR I R 25 M R A0 A ) EE G BE AL B
PE 43.0%, AR S5 R Sk S 2l B
TR ZE LT TR B X 7 A AR AR RSO S b R A
Py oV 3G (27.9%) 2 A R (12.9%) [ 2.16
f o 31X —J5 T AT AR R U B R ZE A B B 4 3
RO SRR ER Y 3.30 %, 5 — e K EE
FFE IR R A K BB AR R 1k —Fl & 8 0] LA iR i
AR TAA P EREA A ER UL R A5 1Y) Fe JU KA
HERE P A, 35 TR 0 6] 305 35 (R PR, T AT S R A
HA X eEe ) .

RIS, V8 0 B R ZF AT 1A AT A R I 7 A b 1 3B
Cd By TS T 49.4% , £ U A 58 2 W s
7110 mmol - kg™ #74 R A] fifi /N K37 ML 1 Cd 1%
SN 49.1% 5 X H 5% A G L UE BHEEFP 10" cfu -
kg™ B R ZE AT TR B A 50 K Ml _E 38 Cd 7 it LX) BR
A PR 5 60.4% , AT I A 5Y 245 A 5 ik LE B 5T AH A o
MFFAE TR A XA 7 AT A RS i s L E
KEZERIAFER R 12.9 1 43w, T A5 25 TS A iR
B A RS Cd % 2 H B R ZF AT 18 5 4.17 N E 53
Mo DX AT RE R A TG R A T M 1A A A e $ i
TN RS 3 (7 B, A B R 8 TR A b/ 38
R ZEAAT B2 T MRS AR 2 5 s i i), Ho 431 A5 HL
MR B 53 LU A 2 A ) BAR AU+, BX Cd iy
TEALRE I WA A 55 IR Cd & R ETF
SRS IAT AR IR AN B R ZF AT I T B AR Cd S
ERE T (HE AL EEBAL L Cd 3 S H A R E
B AR A B AR E (100 mg-kg ™), 3362 PRy B 4
FHOHAARN B R (BCF) =tEY) M Cd & 7/ 1
Becd e, mE A B Cd &t m AU i
B Cd = (A i xi Cd & i+ 22 AP xR Cd
S ) /(AR i+ 25 R W) B 7 A 2R Y Cd
FOMCH R, TR A Cd kB T R
PribrRdE it Rt B Cd S i 110 mg kg™, 5K
AIIA ) 132 mg kg TF A 2219 Cd & FEAHXTLAIG,
P H A 32.0 mg- ke, fe st KA 39.4 mg- ke, BT

DU ECE A 8 Cd 5 R AR 2 A B AR
W AWFFORE T AT 25 AR TF AT BRI RN A
/LSRN

R I SN R S Rr A== B
T Cd FH B, BT 68 1R R R 2R A T WA o g 34
T, 75 R H R Cd A R B KR N S
FrAG IR e FE M O mmol - kg™ #4111 E] 5 mmol - kg™ . FL K
ZEAUFF BN O cfu kg ' S INE 10° cfu-kg ' i FErp, 1
R iy A RIE B 0 BJE YATERR F E R 2R A
I8 e BE i — A5 4 7 %1 7.5~10 mmol - kg™ 2 10 cfu -
kg B, BB AN S [ AT B R O R R B A A
BRI T35 (A BCEHE AR &l i A
JREE T AR E WA RRAINE KR I 0 e
IR B A6 TR s T Ak T R A A X S kot
SEIRIF Y 25 R — 2, BIVIC R B A A R it Jin 42 ik T
PRECR AR H R Wk B A R v £ i A A g
B R R A W) PRI s Wang PN B0t R W
T v B AT R A HE T R R A4/ X Ph  Zn
AL E ] A A A BRI T s
() R ZE A B E A 38 27 AR o A ALER XS 75
MR EER , SR A AE2S A7 A4 58 A BLIEAE
FMBEAR TEZRCR , BT AP RR 1 B R 2R AT B 1Y
N[N NEGUR =1

PR FI LR ZE AT B AR AL T ME 5 Cd 15 g
- R H R A it TR B RS A
ok, FEAR HE T AR Cd WS [ st A 4 o th 75 3103 i
MATAS BB AT B S RO . Bl s PR A E K
LA A I0C A i FH B Bt FH 1), 75 R b 3 Cd R
SR RS AR T 159.0% . 63.3% F163.1%, i 9K
A A PR 5 SR AT, B A T L+ 127 R .
X5 TR 25 R — 8, B RS T AT R
K G it P L B it FH B A ) i v BB T SRR R 4
J& Cd )& R T, PR AU 30 mmol - kg™ FrA5 R
1 10° cfu - kg™ B K ZF AT B Ab R AL 8OR S5c B, % Cd
M) 2 BR R 4.91%, AR 45 L RGBS
mmol - kg  FFEETR F1 10° cfu - kg™ B R ZE AT 18 B8 i
U, H F Cd L 2R 1.03 mg - pot™!, L X BRI T
159% , % Cd (224580 21.0% , 11 A T8 fin i Ak 77 5 25
PR N 8.10%-

INZE R 2 A7 B A3 ATT , AN TN Ak ) B 5 2 A
1374 4 AT (9% A H -3 Cd 5 R A 348 4
KO, T s A 70 D) LTS Rk S il A B AT USRS
TP R AR (LR VS ISR A R A 75 B A | 75

WWW.QEs.0r9.CN




URETR Rt Y F 4055 3 H

NGEG>%

A RN R | R NN I i RS o e
59, A HFRZE0~20 cm 3, FHEEE 1.3 g-cm™
TR A ok TR R 260 kg APAEIR IR K 2F
FOFT T 4t fin 5 43531 A 5 mmol - kg™ AT 10° ¢fu kg™, U]
it TR R B8 1 AR 4 3 000~3 750 G -hm 2, {HASKEG
il £ B R ZE AT B 1R R ) O AN IS B TR TR
AR, TRMEE Hael R A X mE e
BAS o TSI E R ZFHLAT T A2 3 750~4 500 JC -
hm™, 5 AIE B M A K 6 750~8 250 JC - hm 2, i FP g 28
GEAE (VINAZ OKFEEE) FE A 12 000~15 000 G+ hm ™,
WA B R ZEAUAT B U I w7 DA B 38 o 1 0T HL
W RFR B, B A AN 5 2 A YR AR AT 145 i B 751, mT
IR BB S A . B R 2R AT R A 3 2
ORI W7 - N Ry it R A/ N Sl N )
FF TR AE 338 P 19 2 B AR AR T i — 2B R 5T
ZE AR USRI A K ZE AT B AL RERS 1
TN CAT5 4 HIEAE E RO BEARSA , (1 R
A AR 38 0] LS/ Bl 8 FH 2, B AR T 2 N A X
IRBE 5 A 5 118 ARG

4 £t

(O FP BRI AN B R 2 AT T AR 52 5 7 A 0 Cd 75
e b AT AR AP A LA IS 1V FH RIS 21 B 4
AIRCR .

(2) #7658 TR A L R 2 A0 AT B8 1) 245 0 535010 o 5
mmol - kg™ F1 10" cfu- kg™ B U4 F1) 5 #ixf L3 Cd
O RS DA KR AR b B Cd FR R i KO 1.03
mg-pot”, KFRACHE T 0 21.0%.

Sk

(1] BRI ORAP AR, [ L BE P50 . 4 el 439895 YR DL A A R [R). b AL
IREELRAE8, [ 4 FF U, 2014:56.  Ministry of Environmental Pro-
tection, Ministry of Land and Resources. National survey bulletin of
soil pollution[R]. Beijing: Ministry of Environmental Protection, Minis-
try of Land and Resources, 2014 :56.

(2] LI, F5 2057, B T 22 AR A HLIR S AL A A S R T 2 1 0
3E FTHERIFIEI]. K AR FR244R., 2012, 26(2) :265-270. BAO Ji-
ao, WEI Hui-qin, ZHAO Xiu-lan. Feasibility of low molecular weight
organic acids in enhancing phytoextraction of cadmium from soils[J].
Journal of Soil and Water Conservation, 2012, 26(2) :265-270.

[3] R, XA, Je KM, 45 s AL T A 18 S B0 15 e AU AT AR IR e
W AR I HF5E[)]. 4, 2020, 52(1):153-159.  FU Xiao—feng,
LIU Jie, LONG Yu-mei, et al. Experimental study on optimization of
citric acid application method for remediation of cadmium—contaminat-
ed soil by Celosia argentea Linn[J]. Soils, 2020, 52(1) : 153-159.

[4] KR fk, U, skaft, 45 T4 )@ 15 Y IR 8 S KR AL RS OF

1% WHART]

L. AL ARNE, 2013, 40(18) : 159-164.  ZHENG Jun-—jian,
LIU Jie, ZHANG Xue-hong, et al. Research progress of phytoremedia-
tion and strengthening measures for soil contaminated by heavy metals
[J]. Guangdong Agricultural Sciences, 2013, 40(18) :159-164.

[5] BUAS . oA W AL R 52 o 4 s 5 % ST D . AR - W Tl
K“%,2014: 1. WEI Ben—jie. Microbes enhance the phytoremedia-
tion for heavy metal contaminated soil[D]. Zhuzhou: Hunan Industry
University, 2014: 1.

[6] Kumar P B, Dushenkov V, Mott H, et al. Phytoextraction: The use of
plants to remove heavy metals from soils|J]. Environmental Science &
Technology, 1995, 29(5) : 1232-1238.

[7] HERRAR, RSB, 45 R, 55 . S BE 2 TS H ¥ e -3 vh i i I
SRR EWER, 2009, 19(2) :29-32. DONG Lin-lin, ZHAO
Xian—gui, WEI Liang—huan, et al. Sorption and accumulation of cadmi-
um in the polluted soil of Datura stramonium and Xanthium sibiricum
[J]. Biotechnology, 2009, 19(2) : 29-32.

[8] Kang W, Bao J G, Zheng J, et al. Phytoremediation of heavy metal con-
taminated soil potential by woody plants on Tonglushan ancient copper
spoil heap in Chinal[J]. Int J Phytoremediation, 2018, 20(1) : 1-7.

[9] S HISC. R PHER T AT X L3 M I A8 W) 8 2 Jm & RE AT SE (D). 79
T PER2A,2007: 1. WU Ming—wen. Heavy metal concentrations
of soils and dominant plants at some mine stailings area of Nandan[D].
Nanning: Guangxi University, 2007: 1.

[10] X558, PRAEAE, SRIGEES . Areiix 13 b i 43 J B 25 3 Ak it 52 i

[J]. H A R A AR 5 BT, 2019, 39 (14) : 108-109, 111.
LIU Zhi-qiang, CHEN Ting—ting, ZHANG Xiao—xia, et al. The effect
of citric acid on the transformation of heavy metals in soil[J]. China
Petroleum and Chemical Standard and Quality, 2019, 39(14) : 108-
109, 111.

(U] WA 52, A AN, JES AL, 45 A RIE e w5 e L iz
RS LRI S 2 R (). Al BRI A 241, 2010, 29(11) 12055
2063. HU Ya—hu, WEI Shu-he, ZHOU Qi-xing, et al. Application
of chelator in phytoremediation of heavy metals contaminated soils: A
review[J]. Journal of Agro—Environment Science, 2010, 29(11) : 2055-
2063.

[12] BRI . 2550 SS9 S AT e 5 o 4 1 e L e vy B FHIAF
FEBERE(I]. AR T, 2013, 40(19) : 84-85,90.  WEI Si—xiang. Re-
search progress in the application of phytoremediation on heavy metal
contaminated soils in combination with chelating agents and auxiliary
material[J]. Guangdong Chemical Industry, 2013, 40(19) : 84-85, 90.

[13] Nowack B, Schwyzer I, Schulin R. Uptake of Zn and Fe by wheat ( Trit-
icum aestivum var. Greina) and transfer to the grains in the presence
of chelating agents (ethylenediaminedisuccinic acid and ethylenedi-
aminetetraacetic acid) [J]. Journal of Agricultural and Food Chemis-
try, 2008, 56(12) :4643-4649.

[14] 5 B2 . AR W HE A28 B AR (D). 9T R 0k, 2015, 379(23) : 14.
LU Yu-jie. Types and functions of biological fertilizer{J]. Agriculture
of Henan, 2015, 379(23) : 14.

[15] Wie & . T SR AR 0 75 AT - ST 1 12 5 1 18 RS AL At T Y
[D]. BEAK : BEARFR T K 2%, 2017:40.  YAO Shi-yin. Cd repairing
performance and strengthening measures of Celosia argentea Linn. for
phytoremediation of Cd—contaminated soil[D]. Guilin : Guilin Universi-

ty of Technology, 2017 :40.



KUK, 5 - BRI I 5 R R & 5 AL 75

&5 5 Y 3580 5% 561

[16] VEAR A, 2505, ALEE, 55 3G AR S RIS B 5 Cd V5 s T4
Y FH LB 52 (1), FREERL A 5 HR, 2019, 42(7) 1 126-130. XU
Wei-wel, LI Fang—zhou, REN Jing—hua, et al. Enhanced phytoextrac-
tion for contaminated soil with Cd by cole ( Brassica napus L.) in field—
based research[]]. Environmental Science & Technology, 2019, 42(7) :
126-130.

[17] £/ 22, XNSCH, 45 . B HLAT B 5 B B2 ST 300 Cd §5
TR IR A AE B RORIFR ()], K R FR2A R, 2014, 28(4) ;232
236. WANG Xiao—min, JI Hong—wei, LIU Wen—ju, et al. Effect of
Bacillus megaterium and Brassica juncea combination on phytoextrac-
tion of Cd from polluted soil[]]. Journal of Soil and Water Conserva-
tion, 2014, 28(4) :232-236.

[18] 22 A%, E ML, BAIE TS, 45 . B R/IE R 288 AT B 0T B BE I 3%
B CAT5 4 HHERIBEIALT]. K PR 5574, 2015, 29(2) :215-219.
JI Hong—wei, WANG Xiao—min, ZHAO Ying-nan, et al. Effects of
Bacillus megaterium/Paentbacillus kribbensts on phytoextraction of Cd
from contaminated soil by Brassica junceal]]. Journal of Soil and Wa-
ter Conservation, 2015, 29(2) :215-219.

[19] XUER, X Bk, BRakiEE, 46 2670 WA S IE L E &R TS
eI IR(I]. PR S EOR, 2011, 34 (BT 2) £ 127-133.
LIU Xiao—-na, ZHAO Zhong—qiu, CHEN Zhi-xia, et al. Chelate, my-
corrhiza and plants joint remediation of heavy metal contaminated soil
[J]. Environmental Science & Technology, 2011, 34 (Suppl 2):127-
133.

[20] A%, XUZR, . 55 . TR XT LR i LA s AR RS
2£4f, 2015, 35(16) : 5430-5436. YU Ke, LIU Jie, SHANG Wei-
wei, et al. Tolerance and accumulation characteristics of Celosia ar-
gentea Linn. growing in Mn—contaminated soil[J]. Acta Ecologica Sini-
ca, 2015, 35(16) : 5430-5436.

[21] Liu J, Mo LL G, Zhang X H, et al. Simultaneous hyperaccumulation of
cadmium and manganese in Celosia argentea Linn[]|. International
Journal of Phytoremediation, 2018,20(11) :1106-1112.

[22] ARG . PRIE PR 5% 0 22 B A R G Jm Cu Pb 52N [D]. 4
A8 W TLIME K 2%, 2018: 1. ZHU Jian—fei. Effects of environmental
factors on soil heavy mental accumulation of Lolium perenne L.[D]. Ji-
nhua:Zhejiang Normal University, 2018: 1.

[23] X8 A o, B A2 WARAR, 55 B R ZERUAT B R 5 R AB A A
(Cd) 75 He AR H L3 5 A A D). B2 352741, 2020, 31(9) :
3111-3118. DENG Yue-qiang, CAO Xue-ying, TAN Chang-yin,
et al. Strengthening effect of Bacillus megaterium on remediation of
Cd-contaminated farmland soil by Sedum plumbizincicola[J]. Chinese
Journal of Applied Ecology, 2020, 31(9):3111-3118.

[24] BRI . E R 2T I LY 02 X PR 22 RLB 50 4 ¥ e 1 31 ik
AEAEFD]. FUM : i VLA AR K%, 2018: 23, ZHAO Shu-min. Ef-
fects of Bacillus megaterium 1.YO2 on the remediation of heavy metal
contaminated soil by Lolium perenne[D]. Hangzhou: Zhejiang Agricul-
ture and Forestry University, 2018:23.

[25] FR ¥, B, EA . AR BRUAT 5T b A R A 5Tk i T ik
JEJ. B FH A 52441, 2000, 11(3) :477-480.  SU Bao-ling, HAN
Shi-jie, WANG Jian—guo. Advance in soil sampling methods in rhizo-
sphere microzone study[J]. Chinese Journal of Applied Ecology, 2000,
11(3) :477-480.

[26] BE5% . Jili FH AN [R) AL NE X A Bl A A 5 T 3 A8 S RS2 R e F

FE[D]. JL5T AL AR} 2# B, 2018:8.  HUANG Rong. Effects of
different inorganic fertilizer on immobilization remediation of Cd pol-
luted paddy soil using sepiolite[D]. Beijing: Chinese Academy of Agri-
cultural Sciences, 2018:8.

[27] REETFE . 0 - 3G W R e B S ) R 3R 43 [D]. KM < 48
K2,2018:10.  ZHANG Xiao—yu. Analysis of soil microbial charac-
teristics and its influencing factors in tobacco field[D]. Zhengzhou:
Zhengzhou University, 2018: 10.

[28] FA7K & . BT i 4 S 0 7 5 AN R AL 4 L 3R e SRR
FED]. B P K2, 2019:41-42.  BAI Yong-fei. Study on the
enrichment of metallic element in different parts of Phragmites austra-
lis in the main wetland of Lhasa River Basin[D]. Lhasa: Tibet Univer-
sity, 2019:41-42.

[29] & KM . 06 T B SR AR ) R BLAR )], ZE ASFRIE 23, 2005, 14
(1):136-138. NIE Fa—hui. New comprehensions of hyperaccumu-
lator[J]. Ecology and Environmental Sciences, 2005, 14(1) :136-138.

[30] AL, XA, RSO, 55 . F AiE S i Ye L e iy B iF oY
[J]. 7K AR 244, 2019, 33(4) :329-334.  FU Xiao—feng, LIU Jie,
ZHU Wen —jie, et al. Field experiment on remediation of cadmium
contaminated soil by Celosia argentea L.[]]. Journal of Soil and Water
Conservation, 2019, 33(4) :329-334.

[31] Han Y L, Zhang L L, Gu J G, et al. Citric acid and EDTA on the
growth, photosynthetic properties and heavy metal accumulation of
Iris halophila Pall. cultivated in Pb mine tailings[J]. International Bio-
deterioration & Biodegradation, 2018, 128 :15-21.

[32] XU AL, XUESC, SRBUNK, 25 . A 5 8 5 QA P S U S BoR
WEFEHERI). FREET5 YL S5 5734, 2020, 42(4) :507-513.  LIU Xing,
LIU Xiao—wen, WU Ying—xin, et al. Review on phytoextraction of
heavy metals from contaminated agricultural land[J]. Environmental
Pollution & Control, 2020, 42(4) :507-513.

[33] Esringii A, Turan M, Giines A, et al. Roles of Bacillus megaterium in
remediation of boron, lead, and cadmium from contaminated soil[]].
Communications in Soil Science and Plant Analysis, 2014, 45(13) :
1741-1759.

[34] f&5 UL, WA, WO 75, 45 . AN ILER X /N K5 5 (Euphorbia
thymifolia L. )& 5 5075 B LHERYSZ )], FREE TR 2% 40, 2015, 9
(10):5096-5102. ZHAN Shu—wei, PAN Wei-bin, LAI Cai—xiu, et al.
Effects of exogenous organic acids on phytoremediation of Cd—contam-
inated soil by Euphorbia thymifolia 1.[J]. Chinese Journal of Environ-
mental Engineering, 2015, 9(10) :5096-5102.

[35] Ve, (4%, da e i, 45 . Ao o i B i R AR BV IX
4 JE RS [T K AR RRAR, 2015, 29(3) :320-324.  SHEN
Bin, WU Jun, MENG Xiao—xia, et al. Effects of citric acid addition on
absorption and accumulation of heavy metals by Houttuynia cordata
thunb in the soil of lead—zinc mining arealJ]. Journal of Soil and Wa-
ter Conservation, 2015, 29(3) :320-324.

[36] Wang X M, Hou Y L, Jie X L. Citric and oxalic acids effect on Pb and
Zn uptake by maize and winter wheat[J]. Chinese Journal of Popula-
tion Resources and Environment, 2004, 2(4) :37-40.

[37] T ¥ . EUR/BE B 2F FAT T8 S A7 A BRIk 45 ik AL R 188 S A B
YL ) D). A K b K2, 2017:17. DING Ling. Effects of
Bacillus and citric acid enhanced phytoremediation in Pb, Zn and Cd

contaminated soil[D]. Shijiazhuang : Hebei University, 2017:17.

WWW.Qes.019.CN




