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Response of microbial activity in the rhizosphere of maize seedlings ( Zea mays

L. ) to pyrene contamination
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Abstract: A soil-cultivating test, with rhizobag technique, was used to quantify the responses of microbial biomass carbon
and quotient, metabolic quotient, and soil enzyme activity in rhizosphere and non-rhizosphere soil under three concentration
levels of pyrene (50, 200, and 800 mg-kg ™", denoted by T1, T2, and T3, respectively) after 45 days phytoremediation
by maize seedlings (Zea mays L. ). The growth of maize seedlings was slightly stimulated at lower pyrene concentration,
while inhibited at higher pyrene concentration, and the effect increased with initial pyrene concentration. In addition, the
effect of pyrene on maize root was more obvious than that on shoot. Maize seedlings significantly promoted pyrene dissipation
in the soil. During the experimental period, 56.67% —76.18% and 32.64% —70.44% of spiked pyrene disappeared from
the rhizosphere and non-rhizosphere soils respectively. The average removal rate of pyrene in rhizosphere soils was 16. 06%
higher than that in non-rhizoshpere soils. In the same treatment, the concentration of pyrene in rhizosphere was significantly
lower than that in non-rhizosphere, but the removal rate was on the contrary, and their differences were positively affected
by increasing initial pyrene concentration in soil. The microbial biomass carbon and quotient, polyphenol oxidase,
dehydrogenase, and phosphatase activities were higher in rhizosphere than those in non-rhizosphere. The metabolic
quotients were lower in rhizosphere than that in non-rhizosphere and the corresponding differences increased with increasing
pyrene concentration in soil. Under different concentrations of pyrene, the microbial biomass carbons and quotients and

dehydrogenase activities in rhizosphere and non-rhizosphere were T1 > T2 > T3, while the metabolic quotients were T3 > T2
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>T1. The polyphenol oxidase activities were T2 > T1 > T3 and T1 > T2 > T3 in rhizosphere and non-rhizosphere,
respectively. The phosphatase activities were T3 > T1 > T2 and T1 > T2 > T3 in rhizosphere and non-rhizosphere,
respectively. Significantly negative correlations were found between pyrene concentrations and the soil microbial biomass
carbon and quotient, polyphenol oxidase, dehydrogenase, and phosphatase activity. There were significantly positive

correlations between pyrene concentrations and the metabolic quotient.
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Fig. 1 Biomass of maize growing in the soil contaminated with different contents of pyrene

ARIFRFERERBE(P<0.05)

Ko T1T2 A T3 LOBAR BRAARARER - S8 A 1 590 6 e V0 0 1 B 43 31 23. 829 29, 56% ,32. 46%
50.97% ,43.43% 67.36% ([ 2) o e 19 32 B 3 ) B o FOE 48 K T ARG, 7 [ ok BE A AR ot - o
BRI B 76. 18% (67. 54% 56. 67% , V414 6. 77% ; JE AR B + e eh ¥ 19 J KR %43 51y 70. 44%
49.03% \32.64% ,F-#13 50.71% ([ 2) . ARFR-AIEH L FIRFT- 49 AR BR 7 16.06% . R [V
AR AR BRI AR B L S A R AITE B IR T2 RSB BT (P <0.05) (H 2) o LA REM M
T BHLAR JR 4T IS s R PR BRI AR T R 30 (e

O Rpr1 RS N JEMREA 1 NRS

- 90
600 A sk B

80 -

W

(=3

(=}
T

70 |

'

[=3

(=}
T

60 |

*x
50

6 H/(mg-kg ™)
Pyrene concentration
W
(=]

(=)

PR3

Removal ratio/%

40+

K% *%

100 30 |
-l
0 20
TO Tl T2 T3
Kb B Treatment

\
.
\

T2 T3

2 TEESE(A)MEMNEKRECB)
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BWRE T AR B LI A W Bk A AE D R & T ERR L HERABE(P>0.05) (% 1),
HRBRAFEAR B 3 AR 0 1 22 e AE T1 AL BT/, B AL FRYR FE M3 R 25 Sk, Horp T3 Zb 3 AR IS
HIZERTE P <0.05 K FBE(EKLD),

F1 FEEBSHRAKFETLEBEYEB . BE B RGE
Table 1 Microbial biomass C (C,, ), microbial quotient and metabolic quotient in soil contaminated with different contents of pyrene

TR YRR G R
s Microbial biomass C/( g g~!) Microbial quotient/% Metabolic quotient/h ~!
reament TR RS AR NRS ML RS JEHIFF £ NRS ML RS JEHIF £ NRS
0 281.1+13.8 245.7 +13.8 3.163 £0. 156 2.788 0. 156 0.032 £0.002 0.033 0. 002
1 339.7 £15.7 320.2 +38.0 4.695 +0.359 4.339 £0.515 0.036 0. 003 0.038 0. 005
V) 318.316.1 275.2 £21.5 4.448 £0.225 4.113 £0.322 0.051 +0.003 0.057 0. 005
K 289.0£19.9 226.1 9.1 3.892 £0.267 3.171 £0.127 0.080 0. 006 0.102 +0.004 *
* FINFE P<0.05 /K F 2R BE

2.4 HIEREEME

BEE EE AL IR BE 3 K AR B 138 22 Ty S A V5 M 0 DR B 05 P 2 IS 0 5 R AR ) AR e 3, Ji U T
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R B 48 2 B AL B T o AL SR TS M  RERE S M DR T 1 2 PSR T R R R AR T B, I A S
BRI M 2 IR (B 3) .

T1.T2.T3 KbHEAR PR AR bR 4 39 S B SR AL B 1 o AL S M S M IR TS M B E R T
TO( X fR) 4b 33 + 3 (P <0.05) , B A MG M B &K T T0 kb3 £ 38 (P <0.05) ;T1 . T2 T3 LbHAR Pr + 5wk B2
FREHERIRT TO 4038, T1.T2 T3 ZbFREAR R + 3 B B 1 B KT TO Ab3E (P <0.05) (& 3) . HMtiL
ARG 15 B B A R BT 5 Z B A A EEE M 3 SR Th S T | RENE I R R B T M — R O 1
J, Tk S T R R T S A — S O SV L Ak v R v o O R T T A AR R

FERF SR FARPRAIEAR P B A B 25 . RIr LIRS E I EERIN T2 > T1 >
T3 H T1 T2 @& T T3(P<0.05) , BLAEEERI N T1 > T2 > T3, i A AR IHEERIN T3 > T2 >
T1.H T1 BFLTF T2 1 T3(P <0.05) , FEREEGIE MR IR T3 > T2 > T, JREGIEER My T2 > T3 >T1 H Tl
BEMT T2(P <0.05) , BEEREHEERIN T3 > T1 > T2, JEMR PR+ LB A LERE RN T1 > T2 > T3,
HTIRIT2 5713 EZEREE(P<0.05) , HEAKEERIN TI >T2 >T3 . H TI 8F & TF T3(P<0.05) i
FACEEEER N T1 > T2 > T3, FEFERGIEMERI D T2 > T1 > T3, JREGE RN T2 > T1 > T3 H T1 Fl T2
BERT T3(P<0.05) , BEMREEERI N T1 >T2 >T3 H TI i1 T2 BE & T T3(P<0.05),

T1 Kb 38T AR B A 48 10 S B R IR B 175 1 S 2 5 TR AR B 338, T2 Kb 38 T AR s - 48 0 S0l A0 DR i 075 11
E i TARRPR 48, T3 Ab3 AR PR+ 458 2 B AL S o B SRS o o AT S T o ORI 5 M Al BR S
HRERTIERRIIE(E3) . WK LE, E& WA IER bR+ 5 2 B L EE 1 S AR
B P TR S T DR B TG e AN BR S MR K TARAR PR 48, H R A FRYR B 38 K22 R AR T 2P K
HEHE(E 3) .
2.5 +HEEERSEMAENSEIRINAERHE

TSRS SMAEMS R AT SR EN, DR SR SRR B EAHX(P <
0.01) , 5+ E YR ik SRAE YR . 2 B SIS M I B T R B RR S T M 2 B3 AR (P <0.05)
(£2). HEEAYEYER SEDR . 28SRGS S R RENE R, LIEP SRR
% A AR AR K, B & BB
2.6 HEEERSEMEDFSENEZITEIEST

it — AR P R R A PR AR B RS (2 SRS A o A S TN R IR
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Fig.3 Polyphenol oxidase activity (A), dehydrogenase activity (B) ,
and phosphatase activity (F) in the soil contaminated with different contents of pyrene
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P BEAASC(P <0.01) o HEYIAE @ i 1 AR PR A B A W BRI 38 B B35 R oA ™ ™, 2By AUk
MRE S 5 E LA VIR ISR D R IR ™, B3 5 i 139 b v R A
R IR BEMR(P<0.01), Hik, TR LA 4 S8R N TS R LRIRPME R

®2 IHESESIRUEMSHBEXXA

Table 2 The linear regression analysis between content of pyrene and soil microbial parameters

15 W% Microbial parameters a b % 2%k Correlation coefficient R
Tk A WA= Wy Bk Microbial biomass C 1399.969 -4.141 0.830**

T4 Y Microbial quotient, Cric” Cong 1564.982 -337.031 0.894 **

AR5 Metabolic quotient, ¢CO, -317.042 8179.055 0.983 **

LI A AT P Polyphenol oxidase activity 1455.775 -565.209 0.914**

it S 1 Dehydrogenase activity 1708. 895 -4.765 0.470*

AL AP Catalase activity 586.048 -235.134 0.113

REBERRTG 7 Invertase activity 280.215 -4.296 0.018

W5 M Urease activity 937.393 -46.607 0.426

WEBR T P Phosphatase activity 883.881 -16.649 0.484*

w, % % PRIFIRTE P<0.05 fl P<0.01 /K F2EFEE

R3 EAESIEMEMSHNZRSRMEDTRE

Table 3 Stepwise regression model for predicting content of pyrene in soil based on the soil microbial parameters

A RREEARE TH K R
I AR R F T value and R of the partial regression coefficient of variables
Stepwise regression model
7As& Variable T R

Y= -118.055 +2.259X, -113. 568X, 0.994 519.932** X, 5.086 ** 0.816
+7371.477X; - 154. 519X, X, 2.782* -0.611

Xy 13.646 ** 0.967

X, 5.283** -0.826

e ox, x x AMHIZRRTE P<0.05 F1 P<0.01 K B2EFBHE Y, BATRBESESE; X, BUAEWRBK Cocs Xp « WEEYI Cric/Coys X5 :
R X, . B ARG M

3 itig

VLW 5T B 2 IE Y 7 7R RS AR IR SRR MR o Liste 2550 57 9 A HEAT EET5 YL £
BB E S, G5 R R R 9 P 9 L3 BB MR R T OO I 48, Fan 20 I E 150
TR HIEMBE AR, SRR RRBER R LB AR bR L3R 6% . ABFRERY KL
B S AR TS e R IR R R BR . — ORI AR AR R X AILTE S MR AR B R AR TS e i I R
K. Gao ZEPVBFSTHE ALY ZIRFFRIETNE BBRII TR ER/NT 0. 54% . 7] WAEY A AL R
AP L 2R LR EERE , 5 A E 23T R R A B R AE Y AR AR T AR BRI AE )
MR RRAE RS (B R AR B AR LR A 5 — B AR

FoRG R BARMBEE TG I HIROER, I ERFR B EBRBCR B2 & TR PR 3%,
MR BRI SZAE YR Z8 5 M AR -+ A T ) — M X, th R -+ - A W S IR S R BV E FR 3, XA X
HETRAR LA XFRR RN, REAEEAEEAKFROMEDTEE SHEESEYE, XX TIRE
AT Y B A R A TR, UM R PR Y B R 2 R A LS Y i B 1 . RBRIREE
AR 2R 230000 R 02 0 A8 L AT 8 K O T B8 S A WS e ) O R A o Yoshitomi 2517 38 s BB SR PR IR BE , BT 5%
MR SHAR PR A YR AR C ARITEE RIRZIR , R B ORAR 284000 490 388 13 412 06 AR Pl 2E A R 0% 1 A K T iR
BT R fb o Rentz 2554 (il B INAR RARBUD A0 80 T IR HE I [ a ] BEROREAR . T LA, M9 S0
WER A VE R A A TR & 25 RE R HIREE WECR . AR5 R PR H P e 2B AR PR 14
=, A BB 5 TR UAE IR B E R A R
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FE) RE A5 AR Rl A P iR TR 2 T 0 e O e o AR IR R, R R BE AL UK B AR s 38
MAEYAYERS TIERRBELR(KR D) . DIRESES DRMUEWEY R BE AR, MEY A +
HEEE S B, BIEE A R BRI o R RN T BET5 B R AR AR BE T RE MR , I RAR PR
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B BURAE SRR o 7 Coue/ Co UER MR WA FIA VR MOBORE  tWR W H P S A MU
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qCO, ) KA Yy A= B 9 R/ T A 0 0 A W I PR I Sh BB BB AR AR R, R ol A A ) RE B A PR AR AT
FERY Ding A, qCO, MR BEH A4 25 RS f A0 % 1 7 G (¥ RR T 32 T B A 3%, 72 qCO, BN i 398 v
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