YGRS B, 2023, 32(6) : 43-49

Journal of Plant Resources and Environment

PAE GRS AT S P 15 Bk 4 S B 2 i

7P AR X ERLA B PRI ST BT ) o T ) GRS IR A A S S E A SR, Y Bk 541006)

TE . N TR W RN AT (Arundo donax Linn.) 1852 Pb 5 4+ 5400, DL ETS A4 9 70 0 (i i 2k
YIBR K x B2 GRS I B iR R Ph) il (im0 B — b BT (457K TR b 200 mL S AR #9 ) (Ph BR—
AbBRA (- HE Ph & REHE 300 mg - kg™ AR -Pb 2 A AL B (/KR IE 200 mIL ARSI R, 15
Pb AR HE 300 mg - kg™ ) TR A KAB BRI A4 Ph A BAGE RS ARAE AT AR . 45 SR R P B
— AL EREH P AT IR 2 BERCR B0 A 13T R B 3 (P<0.05) IR TR BR4H | M- A& 4oL 4 d R K 2y
FIFRCR 50 B4 22 AR B35 (P>0.05) ,SFL S 18] CO, U 3 2% S o (0 28 5 T 0 IR A2k 0 T 300 - Ph
SRR FRAL PR RR R o BEER BN 1 3 TR AN K A3 R AR B T Ph S AR SR AR B R
JfIE] CO, He i 55 Ph B — b FRZH 22 AN 3 Bt & R RAL S EERIZE NG R W2 T Ph A — AL 34, Pb H—
AbBRZE AT FIZE GG Ph 5 0 T4 AL, A Ph SRR AY Ph & 4 BRI X IR 2 25 SR B 3, ZE R
Pb &4 R BUL AR T X IR MR W B 7 -Pb &2 A AL FRLA S AT AR FIZE /Y Ph &1 DL AR ZE Y Ph B4 R
ANRE ST Pb o —4bFA vy Ph FE B E ST P P, WNARIGE R, Pb S — bR P ATHR (9 Pb &
AN Ph A RO, W YRR -Ph B A AR FRLLS AT Ph S A Ph E AR R B . AN, AT Ph
18 RBUAE 4 A b HRA R 22 5 3, o P BA—AbBRAL PTG Ph 2 BRI, A W A -Pb & A AL ERAL AT
[ Pb %32 ZECEE ST Pb S — b FRA . BTSSR R U W R RE S AL Ph Wl R A AT AR K AR AT Y
Ph WSR2 fE 7, M58 Ph V5 4+ IEMIBE RE ST .

KEBIR . AT U Ph IS, VB E
FESES . (0945.78; X53; S5647.9 XHERARERD: A XEHS: 1674-7895(2023)06-0043-07
DOI; 10.3969/].issn.1674-7895.2023.06.05

Effects of microbial agent on remediation of Pb-contaminated soil by Arundo donax WANG Keyi,
CHEN Xiaxia, MO Ling, ZENG Danjuan, PU Gaozhong® ( Guangxi Key Laboratory of Plant
Conservation and Restoration Ecology in Karst Terrain, Guangxi Institute of Botany, Guangxi Zhuang
Autonomous Region and Chinese Academy of Sciences, Guilin 541006, China), J. Plant Resour. &
Environ. , 2023, 32(6) : 43-49

Abstract; To figure out the effects of microbial agent on remediation of Pb-contaminated soil by Arundo
donax Linn., taking ETS microbial agent as the test microbial agent, the growth and photosynthetic
characteristics as well as Pb accumulation and translocation characteristics of A. donax in the control
eroup (not adding microbial agent and Pb) , single treatment group of microbial agent (200 mlL microbial
agent per cement tank ) , single treatment group of Pb (300 mg - kg™ of final mass concentration of Pb in
soil) , and combined treatment group of microbial agent-Pb (200 mL microbial agent per cement tank,
300 mg - kg™ of final mass concentration of Ph in soil) were compared. The results show that plant
height, tiller number, and dry mass of above-ground part per clump of A. donax in single treatment group
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of Pb are significantly ( P<0.05) lower than those in the control group, relative chlorophyll content, net
photosynthetic rate, and water use efficiency are not significantly (P>0.05) different from those in the
control group, and stomatal conductance, intercellular CO, concentration, and transpiration rate are
significantly higher than those in the control group; while plant height, tiller number, dry mass of above-
ground part per clump, and water use efficiency of A. donax in combined treatment group of microbial
agent-Pb are significantly higher than those in single treatment group of Pb, relative chlorophyll content
and intercellular CO, concentration are not significantly different from those in single treatment group of
Pb, and net photosynthetic rate, stomatal conductance, and transpiration rate are significantly lower than
those in single treatment group of Pb. Pb contents in root and stem of A. donax in single treatment group
of Pb are significantly higher than those in the control group, Pb content in leaf and Pb concentration
coefficient in root are not significantly different from those in the control group, and Pb concentration
coefficients in stem and leaf are significantly lower than those in the control group; while Pb contents in
root and stem and Pb concentration coefficients in root, stem, and leaf of A. donax in combined treatment
group of microbial agent-Pb are not significantly higher than those in single treatment group of Pb, and
Pb content in leaf is significantly higher than that in single treatment group of Pb. In terms of different
organs, Pb content and Pb concentration coefficient in root of A. donax in single treatment group of Pb
are the highest, while those in leaf of A. donax in combined treatment group of microbial agent-Pb are the
highest. In addition, Pb translocation coefficient of A. donax is significantly different between four
treatment groups, in which, Pb translocation coefficient of A. donax in single treatment group of Pb is the
lowest, and that in combined treatment group of microbial agent-Pb is significantly higher than that in
single treatment group of Pb. It is suggested that microbial agent can promote the growth of A. donax
under Pb siress, elevate its Pb absorption and translocation ability, and thus enhance its capacity to
remediate Pb-contaminated soil.

Key words: Arundo donax Linn. ; microbial agent; Pb-contaminated soil; phytoremediation
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Table 1 Comparisons on plant height, tiller number, and dry mass
of above-ground part per clump of Arundo donax Linn. in different
treatment groups ( X+SD)!)

AbFRZH 2 . % L -3 i1/ kg

LIE,E 1‘* & /m %g%,;& LF'MP@L%KJFJJE i/kzj

Treatment . Dry mass of above-
2) Plant height Tiller number q 1

group ground part per clump

CK 3.72+0.33a 15.7+4.0a 1.34+0.51b

ETS 3.75+0.41a 16.7+£3.2a 1.83+0.56a

Ph 1.51+£0.09b 6.7+2.5b 0.16+£0.01¢

ETS-Pb 3.32+0.28a 11.0+£5.3a 1.20+0.13b

D RIB R /NG S Bk R AR S TR AL B 41 18] 22 57 5 % (P <0.05)
Different lowercases in the same column indicate the significant ( P<
0.05) differences between different treatment groups.

D CK: xf MR ( R hn A Gk A W) & 559 1 Pb) The control group ( not
adding microbial agent and Pb) ; ETS: A= w5 s — b FRAL (4
AIK PRI 200 mL 3 AE P T 5] Single treatment group of microbial
agent (200 mL microbial agent per cement tank) ; Pb: Pb Fi—Ab¥f
21 (-4 Ph LT 300 mg - kg™!) Single treatment group of Pb
(300 mg - kg™" of final mass concentration of Pb in soil ) ; ETS=Pb.
AR -Pb S5 Ah PR (/K P8 Tt 200 mL BRI, £
HE Pb 2 BV ¥ 300 mg - kg™') Combined treatment group of
microbial agent-Pb (200 mL microbial agent per cement tank, 300
mg - kg™ of final mass concentration of Pb in soil).

Table 2 Comparisons on photosynthetic indexes of Arundo donax Linn. in different treatment groups (X=SD)!

ik ot = Y] co
pas?  daR o, ooee ool o 2 0 KA
- . HR/ (umol » m™ + 57 SR/ (mol - m™ - s WP/ (umol - mol ™) ., I .

Treatment Relative . N HE/ (mmol - m™ - s71) RER/ (mmol - mol ™)

2) hloronhvll Net photosynthetic Stomatal Intercellular CO, T - We o offici
group chlorophy! . onductanc . ranspiration rate ater use elliciency

content (SPAD) rate conductance concentration

CK 51.01+0.59a 25.67+2.06a 0.41+0.09¢ 270.58+24.97b 4.09+0.37b 6.29+0.56b
ETS 49.82+1.55a 25.41+1.86a 0.69+0.03b 307.60+5.79a 4.02+0.47b 6.34+0.38b
Pb 52.64+2.32a 28.07+1.00a 0.77£0.19a 314.37+16.36a 5.62+0.44a 5.02+0.54b
ETS-Pb  50.81+4.1la 21.07+2.54b 0.36+0.12¢ 280.12+17.92a 2.36+0.53¢ 9.07+1.00a

D )5 Hp AR R ING FhE R 7E A [ Ab B2 18] 22 53 5. 2 ( P<0.05) Different lowercases in the same column indicate the significant ( P<0.05) differences

between different treatment groups.

2 CK: XTI ( RINASEAE B 7 F1 Ph) The control group ( not adding microbial agent and Pb) ; ETS: 1¢i¢%%%ﬂ$~ﬂ‘i¥éﬂ( FAS K IR 200 mlL
A= ¥R 7| ) Single treatment group of microbial agent (200 mL microbial agent per cement tank); Pb: Pb B—AbFRZH ( 43 Pb £ ¥ B 300
mg - kg™') Single treatment group of Pb (300 mg - kg™" of final mass concentration of Pb in soil) ; ETS—Ph: A4 # W5 -Pb & A AL BRL (F1 /KT
# 200 mlL fEI T, 4 Ph 25 R 300 mg - kg™' ) Combined treatment group of microbial agent-Pb (200 mL microbial agent per cement

tank, 300 mg + kg™" of final mass concentration of Pb in soil ).
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BT 15.2% 27.2%F 141.6% , AL [R)— &b B 2H A [
FE Pb Fri, 0] R AN B B R B — A B2 N
i ZER Z MR, Ph B — b 3 20 B O AR
T R A, T PR R -Ph 2 A AR
MR e ARIR 2 ZE AR

5036 3) R W B R B — b B AT
M ZEFIT Y Ph & 4R REOY e, Foh ARFIZERY Pb
EAERRE E S T HA 3 N BRYL X B ATAR
25 M Ph &R Z, Hod 2R Ph &
SERB T Ph A — A B A A MR -Pb &

B AL Ph B —Ab A PTAR 25 I Ph B R
BOEAR, WA W) -Ph A AP AR 2K
1) Ph & 4R R B AL, TR 25 Y Ph 4R
REAEX 2 MO A R 2 R AR E ) i E b
PR AR R P & 4 500, X IR ZH A A= 0 v 7]
— QPR R I i f i 2RI AR E AR, Ph B Ab
HRALF AR B PRI 2 R, I 9 T R -
Pb & G AL FRL W R I Ry it f o ARIRZ 2R A,

GEIR (R 3) KW 4 DA AT P Fis &
B 1R BV Ry Xt B A 4 o 7 B — A A
MAEYIE R -Pb A AbFEZH Ph B—4bFRZH | H AT
) Ph s ZBAE A AL A R e 25 57 18
BB, R R -Ph Z A AR P ATH) Ph
B iz 2R Ph B— b TR T 43.08%

£3 TRELAEBAET Pb & 2.Pb EEREF P #HiZE ZHMLE (X£SD) Y

Table 3 Comparisons on Pb content, Pb concentration coefficient, and Pb translocation coefficient of Arundo donax Linn. in different treatment

groups (XxSD) Y

A FLY ARIRIZE Pb % H/(mg « kg™") AFZSE Ph &£ R Ph #38 BB
Treatment Pb content in different organs Pb concentration coefficient in different organs Pb translocation
group” 8 Root 2% Stem i Leaf R Root 2% Stem M Leaf coefficient
CK 41.61+12.48bB 61.71+£31.65bB  128.69+15.44bA 1.86+0.56hB 2.76+1.42bB 5.75+0.70aA 1.94+0.01a
ETS 88.75+38.82bA  119.76+46.89abA  131.59+36.95bA 3.97+1.74aA 5.36+2.10aA 5.89+1.61aA 1.38+0.00b
Ph 241.55+125.00aA 167.99+94.33aA  146.10+89.83bA 0.80+0.42bA 0.56+0.31cA 0.49+0.30bA 0.65+0.00d
ETS-Ph 278.15+£123.67aA 213.67+92.87aA  352.96+51.41aA 0.93+0.41bA 0.71+0.31cA 1.18+0.17bA 0.93+0.01c

D &3t RS [\ /INE R R E A [ 4b B 2H 6] 2% 53 i 25 ( P<0.05) Different lowercases in the same column indicate the significant ( P<0.05) differences
between different treatment groups ; ]ﬁ]ﬁdﬂ%lﬁ]jﬁﬁ?%%%EKIE%%E@#REA%(P< 0.05) Different uppercases in the same row indicate the
significant (P<0.05) differences between different organs.

2)CK. Xif B2 (R A B AE # B 57) F1 Pb) The control group ( not adding microbial agent and Pb) ; ETS: ﬁ¢%%ﬁﬂ$~&if¥éﬁ( AEASIK Y 200 mL
f;ﬁﬁi%ﬁffﬂ)ﬁngle treatment group of microbial agent (200 mL microbial agent per cement tank ) ; Pb: Pb ﬁ*ﬂ‘fﬁgﬂ( 43 Pb &5 TR 300
mg - kg™') Single treatment group of Pb (300 mg + kg™ of final mass concentration of Pb in soil) ; ETS-Pb: 4= ¥ H5-Pb & A AL BHL (431K V8
200 mL AP E ,j:% Pb & HHEE 300 mg * kg’] ) Combined treatment group of microbial agent-Pb (200 mL microbial agent per cement

tank, 300 mg - kg™" of final mass concentration of Pb in soil ).
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