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LG, /N P SEAE AR b 30 43 FIAR 3R A9 4% 2 5 40 BB AIR T 26.67% il 14.84% , i R AR 1 T 8% W38 T /N ISR I 2B, I A it
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Effects of photosynthetic bacteria and biochar on chromium stabilization in polluted soil and the growth of
pakchoi

REN Xiaobin', BAI Hongjuan", WEI Yanhong', MA Rui', JIA Wanli', YANG Guane®

(1. School of Environment and Safety Engineering, North University of China, Taiyuan 030051, China; 2. College of Pharmacy, Shanxi
Medical University, Taiyuan 030001, China)

Abstract: This study aimed to investigate the remediation effects of photosynthetic bacteria and biochar on chromium contaminated soil,
using photosynthetic bacteria Rhodobacter sphaeroides H strain and biochar as remediation materials, simulating chromium contaminated
soil as a research object. Therefore, potted experiments were conducted to study how the H strain, biochar, and their combination could
affect chromium stabilization in the chromium—contaminated soil, just as well as plant height, root length, and the chlorophyll and soluble
sugar content of pakchoi. The experimental results showed that the combined remediating effect of the H strain and biochar yielded better

results after 30 days of remediation than that of the separate application of H strain and biochar. The best remediation effect could be
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observed when the amount of the supplemented H strain reached 10° CFU-g ™" and that of the biochar 1% (mass ratio) (T6). Compared with

the H strain and biochar only, the bioavailability of chromium was reduced by 8.03% and 9.11%, respectively, while the catalase, urease,

invertase, and alkaline phosphatase activities in the soil were 58.72%, 98.25%, 136.58%, and 61.03% higher than those in the CK group

(without H strain and biochar), respectively. The T6 group exhibited a significantly affected the growth of pakchoi under chromium stress.

Compared with the CK group, the chromium content of the aerial part and root of the pakchoi plant were reduced by 26.67% and 14.84%,

respectively, significantly promoting the growth of pakchoi under chromium stress, yielding an increase in the chlorophyll and soluble sugar

content of the leaves by 30.08% and 17.39%, respectively. According to the results of the XPS and XRD analysis, we hypothesize that the

main repair mechanism of H strain and biochar involves mixed reduction and electrostatic adsorption. And the two have good repair and

growth—promoting effects on contaminated soil and pakchoi.

Keywords : Rhodobacter sphaeroides; biochar; chromium; soil; pakchoi
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Table 3 Correspondence table of biochar and strain addition

amount in different treatment groups

KbFE Treatment B4 (ffidg b ) Biochar/% itk Strain/(CFU - o )

CK 0 0
T1 107
T2 10°
T3 10°
T4 1 0
TS5 107
T6 10°
T7 10°
T8 3 0
T9 107

T10 10°

TI11 10°

AR BN — U R PR A L 8 VR D A 5 5 AR TS P SR FH A
FEARAG R Eb 000 5 5 WP Wl T il T 2 R i R 2 —
B R

R 3 b HRR R ) B8 T < SR R Rl
R

3 SRR A H 0 S IUT VE B E - FREGH 43
HET EAF R Tessier i 22 H2 LR, 43 5 $2 BUAT 22
A BRIRER A G R A A 58 ARG
A BRI A, AL N HNOs—HCI-HC1O0, H AR 1Y
fift , % FH ICP-OES #4758 & 5 09 M 2 o A=y a] F
PE= (AT A+ R ER 255725 ) /5 FIE AR S A 100%

X CK . T6 &b P2 SR I X G £k e L 7 RE TSI S Hr
Cr( VD15 4 L E e oo R 4l 5 M 5281k 7
FH XRD A543 HrAL 23 B Cr( V) V5 42 4508 52 1 1Y
AmRSEH

FE AR T % 5 DU < WSOR AR AR AR 25
105 ‘CF AT 0.5 h, 75 CHET 2 1H i 5, FREGE & 1Y

&1 At LSRR AR

Table 1 The basic properties of the tested soil

- 2R R0 B A AL B
P Total N/(g-kg™) Total P/(g-kg™')  Available P/(mg-kg™)  Available K/(mg-kg')  Organic matter/(g-kg™") Cr/(mg-kg™)
7.81 0.83 0.75 18.5 125 16.5 A
R2 EWMRHEL SR
Table 2 Physical-chemical properties of biochar
HEAE 1 Koy R 5Y LR R FH 85 738 46 ik T it
Test biochar P Ash/% Volatile/% BET/(m*-¢™") CEC/(emol kg™ ) Carbon content/%
INEREFT AW ¢ 8.53 9.62 10.21 36.8 47.6 63.1

WWW.QEs.0r9.CN
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AT E R R . TR=HIRR 3D 380 A58 &
(mg-kg™ ) HEHRAR R B985 5 (mg-kg ™)

/NS AR R e AR ORI L 3R T E RIK
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ATV RN E SR R B B R 15
1.5 BiRAE 551

12 16 £ P8 % F Microsoft Excel 2010 Fl Origin 8.5
Ao A SRR, I8 SPSS 22.0 3R {1 1 8 4 4t
T+ 47 , 2K ] Duncan S 28 J7 22 43 Hr 64 7 40 3R] 22
S 30 E VARG

2 HER55MH
2.1 AEIAMEX4ETS L T IEREE SR HEKEE

SEA)

- S A S S AR K DA G, A
FENT TG Y 3P E S OB KR 3R 30 d B H
AR B SR T e a5 R L 4. 5 CKAIMEE, R
NI H B RRAS, 4 i BTG M T2 Ach B2 388 0 s SR e i
B RO Ay i, T4 A B OR e, RO R
PRANAE ) 3594 B+ 3RS M P . MR

BWABE G, 5 T5 Y 5 4 Rl s vk 1 2 ot
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T9 . IR il Ky T6>T7>T5>T10>T11>T9 | %% 4k, ili Ky T6>
T7>T11>T10>T5>T9 Bt i FL i 4 T6>T7>T10>T11>
T5>T9, T6 4b ¥ A8 fk fiw B & (P<0.05) , i %A fb &
fitf TR Tt | 2t A TR 8 P IS A L CK 40 Il T 1
T 58.72% .98.25% .136.58% F1161.03%. Z5 R FEWHH
PRI AR B o (R BV DO B S M A I 255
(P<0.05) . 734h, H kRS 3% 35 44 + 58 rh 30 d
J& , B BCR A T
22 AEE TR TFEREESS I

1A [R) Ah B 75 e - 3 Hp R T S 0 Al 1 B2
Wil PR AL L AT, HR R A A 4 e B — B it 4T
SYUE PR YIRS 3 A, CK 2H - 58 v i LUk v
AR LS N T KBEFREIE, &b + 1
HK IR R SR 25 5 A RN ] S8 S B AL, AR A A
AWEEE SR, R A S &8 T R
o BN H B BRI, T2 A B2 RO B, A 4 R R
PE b CK 4L FEAR T 11.39% ; S AE ¥ Jic 5, T4 Ak R 20
SR A, A mT AR M B CK AR AIR T 10.31%; 24
H I8 VR A A 9 e B A 18 E R, TS . T6 . T7.T9 . T10 Al
T AL HE 5 CK 4L A1 Ee , A= 9 m 1) A 4 0 B AR T
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Table 4 Effects of different treatment groups on enzyme activity and number of H strain in chromium contaminated soil

ST SRR W Hefs WP H
Treatment Catalase/(mL-g™") Urease/(mg-g™)  Invertase/(mg-g™) Alkaline phosphatase/(mg-g™) Number of colonies/(CFU-g™")
CK 7.3420.11Dc 1.72+0.08Cc 0.41+0.04Cc 2.13+0.03Db 0
T1 8.13+0.08Ch 1.96+0.12Bb 0.63+0.05BCh 2.37+0.07Cc 1.3x10'Cc
T2 9.73+0.04Ab 2.38+0.06Ab 0.92+0.08Aa 3.34+0.09Aa 3.2x10°Be
T3 9.34+0.13Bab 2.02+0.09Bb 0.83+0.06Bab 3.12+0.05Bab 5.1x10°Ab
T4 8.98+0.05Ca 2.27+0.14Ca 0.62+0.03Ca 2.24+0.11Ca 0
T5 9.32+0.07Ba 3.17+0.07Ba 0.76+0.05Ba 2.64+0.08Ba 1.7x10'Ca
T6 11.65+0.06Aa 3.41£0.13Aa 0.97+0.01Aa 3.43+0.13Aa 8.5%10°Ba
T7 11.28+0.14ABa 3.19+0.05Ba 0.85+0.02Ba 3.27+0.09ABa 1.4x10°Aa
T8 8.47+0.08Ch 2.01+£0.07Bb 0.52+0.07Ch 2.18+0.02Bb 0
T9 8.92+0.16Bab 2.11+0.17ABb 0.69+0.04Bab 2.46+0.04ABb 1.6x10'Bb
T10 9.24+0.09Ac¢ 2.25+0.08 Ab 0.78+0.09Ab 2.95+0.01Ab 5.2x10°Ab
T11 9.19+0.03Ab 2.19+0.04Ab 0.80+0.05Ab 2.91+0.13Ab 4.7x10°Ac

T« RIS ESC e e AN TR R 7 2 AR ) s T A AR ) R AA TS T A [] 1425 A0 B 1) 22 5 .35 (P<0.05 ) 5 AN TA) /NG 5 BERIR H T MRS i AH
() 2B e 35 I AS [ F) 45 Ak B ) 22 5 25 (P<0.05) . R T+

Note: Different capital letters indicate that the addition amount of biochar is the same, and the addition amount of H strain is different, the difference
between the treatments is significant (P<0.05).Different lowercase letters indicate that the addition amount of H strain is the same , and the addition amount
of biochar is different, the difference between the treatments is significant(P<0.05). The same below.

1% WHART]
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Figure 1 Effects of different treatment groups on morphology distribution of chromium in contaminated soil
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Figure 3 XRD patterns of Cr( V) contaminated soil before and

after remediation
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Figure 2 XPS spectra(a) and Cr2p(b) of Cr( VI) contaminated soil
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x5 FELEIHETETERNEREASR
BEERFM (mg-kg ")
Table 5 Effects of different treatment groups on the chromium

content of pakchoi tissues in chromium contaminated soil (mg-kg™)

TS "R HH AU

Treatment Aboveground Root Transfer coefficient
CK 0.30+0.02Aa 3.64+0.08Aa 0.083
Tl 0.28+0.01Ba 3.54+0.06ABa 0.079
T2 0.25+0.03Ca 3.35+0.12Ca 0.074
T3 0.28+0.02Ba 3.41+0.15Ba 0.082
T4 0.27+0.02Ab 3.38+0.08Ac 0.080
TS 0.26+0.01Ab 3.32+0.10Bb 0.078
T6 0.22+0.03Bb 3.10+0.09Dc 0.071
T7 0.24+0.01ABc 3.24+0.07Cc 0.074
T8 0.28+0.03Ab 3.45+0.13Ab 0.081
T9 0.27+0.02ABab  3.35+0.09Bb 0.080
T10 0.25+0.04Ba 3.29+0.17Ch 0.076
T11 0.26+0.02ABb 3.32+0.04Bb 0.078

PE /NSRS UK & A I T B AN 1 5 4%
FBBAE AR . A6 R AP e i i 454 F L H
FRUS IR 108 CFU - g ' B, /)N A S8 b B350 43 AR 2R
PR % O i AR S 35 (P<0.05) , AH [R] H I AR v in i 4%
TR, A BN 1% RUR B, A, 76 H
R A AR W ¢ B A VR R 808 B 2 2% (P<0.05)
I FLYE T6 A BRES , W5 4 35 B i HE R it &, 5 CK 4141
L, b A AR R 8 1 o B RE AR T 26.67% FI
14.84% .,
2.4.2 AN[EJAEFEXT %15 G A 3 p /N SRR R K Y
A

AN T) A B G A% 75 Y 3 v /N SRR R FTAR K 1
SN DL 4, FR R4 AT, BRI H RARE , /N ISR PR
e RIVRR A Bt 25 T e A I A 85 T 21 T v I R 4K, - L
TEVS N A 10° CFU - ¢ ' B RCR S, BEA 5 CK 414
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Figure 5 Effects of different treatment groups on chlorophyll and soluble sugar content of pakchoi in chromium contaminated soil
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