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Changes of Microbial Communities in Rhizosphere of Winter
Wheat Seedlings under Low Lead Content

Jia Xia Dong Suiming Zhou Chunjuan
(College of Environmental Science and Engineering, Chang’an University, Xi’an 710054, China)

Abstract ;. Pot experiments were conducted to investigate the effect of low lead content ( <300 mg/kg dry
soil) on winter wheat seedlings rhizosphere microorganisms. Compared to the control, the number of
bacterial decreased significantly (p <0.01) by 16.25% at the third week and by 8. 62% at the seventh
week , and the number of fungi in low lead content decreased significantly (p <0.01) by an average of
34.08% , 39.89% and 17.49% at the third week, seventh week, and twelfth weeks, respectively. The
actinomyces amount in low lead content decreased significantly (p <0.01) at the seventh and twelfth
weeks. The correlation between the number of fungi and lead content was significant (p <0.01) at the
third week and the number of actinomyces, the fungi and the total microbial had significant (p <0.05)
correlation to the lead content at the seventh week. In the three growth stages, fungal/bacterial
population ratio decreased evidently and the microbial functional diversity changed evidently in low lead
content. In conclusion, soil microbial population and community in the rhizosphere of winter wheat
seedlings were affected significantly by low lead content.
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E % bR #E GB 15618—1995 ( - 18 34 55 Jit & b
WEYRLE , T2 4 18 32 2038 T — AR g S b
5P R | Moy S, Hod Ph BT aE H Y SR EAE R
300 mg/kg T4, 4810 24 3 Ph & A% T LA AT
SO AR bR RS RS, HAr a2z 5
b HMNEHE RS RAE , B 4 K& P X
YA R B TC W 5 B AR E AR T /N A2 A R
PIRGAR R R s % PR A S 75 B Ph X /N2 AR
AR MR AR SOD BE% HoA W W s s e ah, it
S 4 A R T RE 238 A TR WA 2 R T
s A S TIRE R L AR e, ARG
KT HEZ% GB 15618—1995 11 44 i bR & T Ph R
H{H (300 mg/kg T4, pHA{E >7.5) &4 F, 13K
T Ph XA /N ZE DT AR PR A AR ) B VR 1 5 I R

fit, BAE N L3R & & Pb 5 R A/NE YR
PRIAE 25 28 40 U RE R 15 A7 18 24 42 T 4 it — 2
Bl M, LA TE B D b e G R 9 e x &
/N MBS A A AR G 0 4 A AR E T
ANV S S Y R o ol UK N L | 7 o
PR R R B S PR BB AR

1 MRS

1.1 f#hakar s

K INF ( Triticum aestivum L. ) §h#F R /NME 22
S AR, B ROR A R bR
7= 88 em, BRBIEL B2 . PR SRR 5+ ) HOOE
B TR PR R BT i AT S O 4 S
F 1R,

F1 AU HIEEAREAER

Tab.1 Basic physical and chemistry properties of soil

SR AL SN HRP A K AV TERR - Ph

N p

Bz /g-kg ™! /gkg! /mg-kg ! /mg-kg ™! /mg-kg ! /mg-kg !
Ht 17.20 1.12 71.17 575.00 0.74 8.45 7.32

1.2 #FHKWigit

WG GB 15618—1995( H3EIRET R ArifE) , +
HEAR & B Pb AbBEH 0.50,120, 180,230 mg/kg T
+ MKW GRS CKLT1, T2 T3 T4, R 704K (&
46 cm, F A% 36 cm) IREG I B L /NE D, UL 5
TRA T REPGOC i & /N2 77 IR A AR M
AR 8 AbSRAE 0 ~20 em 2 1358, BRI R 4%
ZFWE AT, i 1 mm TR R, L
Ph A 3H1R B a) AR - 458 v 8 on s R 0 1 O kAT
T IEBINEEFR AT T IR S I P A A e 3 4,
T4+ 15 kg, BE7KAH 58 57K &k H ] d5 K FFK
T 60% , T 2010 410 A 1 HFHIZ/NE N T3
WE LS IURE B, B 25 2 A 200 BRA /N4, 3%
A AR A R K D, fff 18K 4 ik
2| W ) e KK Y 60% | BEAL PRI B3 N EAE
1.3 SFAE
1.3.1  LXERei R

TA/NELHARK 3 JH 7 A 12 AR Z S
IRAAZIA /N R MR, BHR R AME 1 ol i B
SIARBR A FBRIR R R PR 9 IR A e 2
MREZY) 3 1 mm G530 2 6y, — 1y T AR B
T IEHA R 58T, 55— 1 T Biolog Eco fi°F
WA T AT
1.3.2 WEwi H 507k

AN B | B TR R LR R B R FH CFU (3 4
M8 ) i, RPR R T e 2 e

K Biolog Eco f~FH i o3t : FREUAH 24 F 10 ¢ +
ST A B R TG B — O, INJE R 1Y 0. 85%
NaCl KV 90 mL, ¥ 11,200 r/min $£3% 30 min Ji7
F UK EE 2 min, B VS S mL 100 mL K
=T 45 mL TEEK, EE MR 3 WK, Hil15
1: 1000 EEIOR , 52 B T ELISA [, % Biolog
Eco AR ] 25°C , IR B AR HL 150 pL 21K
T2 AL, 28°C HH R B3 5%, 7 2L 45 97 240 h, 1
12 h il ELISA S ~F-#i 508 132 B 1 590 nm Ak
WOEAE 1K,
1.4 HESH
1.4.1 Biolog Eco ARV (A

Biolog Eco P Mt FLF- ¥ G 150

Twer = 2, (C=R)/N
L C——F VAL
R—XF BEFLIZ Y6
N—k 5 EL, B 31
6 BRI A 4G AT =R
Tower = 2, (C,=R)/n

X C——FRIFES @ RO LAY
S IMUE T B R A
1.4.2  ZFEHAREOT R

KRR H FE & B 5L S SR R AR A
PIRER A 2 REE . 5 BEHR AL S R A AR U5
MBC AEALF(C - R) MI{E R T 0. 25 myfLE

n
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H = =Y, (PInP),P, g7 B 375k 1 J2 17 4L 5 %
BAFL I W 1 2 5 AR B 25 O H i, B P, = (C -
R)/ 2 (C-R)™M,

4 45 FL I I (L 8 LA B 19 R g i 2EEAT 5

B3 Hr. R Excel 454 SPSS 15. 0 4 # T A 1
B

2 HRESH
2.1 REE P WMENEHEHMIFRLEREDKX
E:EA

H 2 2 R, SXE BRI L, 4 AR 3 AR 7 R
B, ARl i Ph Al 35 (p < 0. 01 ) 044l AR o 441 27 34
B, SRS 0N 16. 25% F1 8. 62% H 41 A=
12 FERF B Pb & 50 mg/kg T 40, HoAl Ph b
PR 40 TR B0 2 % BE AR B 3 (p < 0.01) 8 m,

EIHEIMAE N 57.09% ; 2 A 3 J8 7 AR 12 8]
i, 5xF AR L, R & 2 Pb B B3 (p <0.01) 34
FLPA G AE , HLF- 200 2R 4 51k 34. 08% ,39. 89%
M 17.49% s ah i A& 3 JE B, 5% BEAR L, (7 =
Pb i 8.3 (p < 0. 01) fE kit L s s 1, H V-4 i
FRH265.07% , AR K 7 JEA 12 I, 5% R A
o A5 Ph W B 2 (p < 0. 01) 0461 iy £ T 484 7
SERHI ] 24 R 27, 64% F1 20. 49% ; &) 1 A K
3 AN 12 JRIEE AR S & Ph AR T AR B s RO
YRR 35 (p < 0.01) B&hn, 11 7 J&] Bsh 5 %) R A
% (p<0.01) BEAK, X 0] g5 4 i 6 A A A K B Be
HAR R G EEFARFA XK, LX/NEL
AR A 3 AN AR i Ph AR EER 415 R
PP IEARPR £ Y ARE A A4 A 3 AN
] B , IG5 it Ph A 38T FLEA /40 TR L 35 A ) R B
B BRI

®2 AESEPhLEMNENERETERENYE

Tab.2 Number of rhizosphere microbial under different Pb treatments

ﬁ% [DGXYEIES R
Hsf ] CK Tl T2 T3 T4
U/ g (3.80 £0.01) x107*  (3.52+0.91) x107® (3.42+0.91) x10’® (3.03 +1.00) x10™" (2.76 +0.22) x 107"
H/g (1.79 £0.10) x10°*  (1.59 +0.11) x10°®  (1.00 £0.02) x10°¢ (1.25 +0.10) x10°® (0.88 +0.03) x 10°"
34 R/ g (0.73 £0.02) x107"  (3.16 £1.00) x107®  (2.70 £0.82) x107¢ (2.63 +0.19) x107" (2.17 +0.96) x 107"
B e (4.54 £0.14) x10"  (6.70 £2.02) x107®  (6.12+1.75) x10"¢ (5.67 +1.29) x107" (4.94 +1.21) x 107"
LT AT % 0. 47 0.45 0.29 0. 41 0.32
/g (2.56 +0.17) x107"  (2.24 +0.57) x107"  (2.46 £0.52) x107¢ (2.14 +0.20) x107" (2.51 +0.22) x 107"
HR/ g (4.55£0.53) x10°*  (2.90 £0.22) x10°®  (2.95+0.86) x10°¢ (2.62 +0.22) x10°" (2.47 +0.82) x10°"
7 R/ g (2.94 £0.43) x107*  (2.01 £0.35) x107®  (2.57 £0.42) x107¢ (1.98 £0.31) x10™" (1.95 +0.43) x 10"
B e (5.51£1.13) x107"  (4.26 +1.14) x10"®  (5.03 +1.80) x10"® (4.13 £0.73) x107" (4.46 +1.27) x107"
LT A0 L/ % 0.18 0.13 0.12 0.12 0. 01
R/ g (0.74 £0.02) x107"  (0.75+0.02) x10™  (0.95+0.09) x10™® (1.03 £0.02) x10"® (1.92+0.87) x107¢
HE/g (1.55+0.09) x10°*  (1.44 £0.05) x10°*®  (1.32+0.09) x10°® (1.35£0.09) x10°® (1.01 £0.10) x10°¢
12 4 T/ g (1.31 £0.21) x10™  (1.32£0.11) x107®  (0.62+1.22) x107® (1.02+0.12) x10"™” (1.20 £0.43) x 107"
B e (8.74 £0.41) x107*  (8.79 £0.23) x107® (10.14 £1.40) x107 (11.37 £0.22) x107¢ (20.45 +1.83) x10™°

FLH R L %

0.21

0.19

0.14

0.13

0. 05

W FATARRIRE FRERIR 0.01 KPR B,

M2 3 Al S AR 3 JRIE AR PR T R L
o5 Ph S RPN (p <0.01) HAHSE; 4h
AR 7 SR, B R AR Y BB P
ORI R 2 ARG,

REERF, LS & Pb (<300 mg/kg
T A) G S A A /N Ay B AR BRI P BCR RRAE
1M Ph 25 2 5 A W8t i A S HE R A TE B T3
S A B AT LR AR WIS i P S5
ZNE I ARPR A S R G R RRE

®3 Pb ZESREHMEMHENEXE

Tab.3 Pearson correlation coefficient between Pb content

and rhizosphere microorganisms number

DY/ 3 7 12 &
il -0.98*" -0.18 0. 36
FLTH -0.89"" -0.83"* -0.79
TR T 0.38 -0.69" " -0.31
A -0.06 -0.59" 0.36

H:#p<0.05, % #+p<0.01,
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2.2 REEPh AEMNZNEZHERER L ERE
YIThéE &R RS20

2.2.1 XA WIRIE R Z AWCD 55200

AWCD A W R 78 R B 5 4 1) FH 3% g ke

T B RS AR PRI RE SRR IR 1 AT AT

S5XFREA L, &/NEZ A K 3 7 B B Pb

|

1.6 +

14 r

51.2 r

5 1.0 r

0.8 -

06

0.4 r
02 1

0 0 24 48 72 96 120 144 168 192 216 240
H il /h
()

20

18 [

1.6 [

14

al2r

210

08

0.6 -

0.4+

02 1

0

Pt 50 mg/kg T A Ah, HAL Ph Ab BRA AL R 4 45
AP IR R R R RE T 5 gl 2B 12 AR, B
IG5 Ph BB A 2 10wkl s A 4 ) P s D 1) e
71, AR 4 /N Wy i A B ) A S G, Ph 5 o
50 mg/kg [ 1t & B 410 o) HAR B st 2B 9 % ik

T804 HIRE
201
18| —e—cK
16 —H=T1
—A— T2
L4 —%—13
a12f —%—T4
210 |
Sost
0.6 |
04|

02

0 24 48 72 96 120 144 168 192 216 240
i i)/h
(b)

" 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 |
0 24 48 72 96 120 144 168 192 216 240

B 2)/h
(©)

1 A Pb AP 2 /NAZ A AR Bs SR WP AWCD (ELRER: 77 I ) A9 22 4k
Fig. 1  AWCD values of rhizosphere microorganism under low Pb content

()38 (b)) 708 (¢) 124

2.2.2 fHAEYIXT 6 ZBRIE AR

M8 4 R /NGt A K 3 R 7 JR AR
Fri Ph ACFE R ARPRIGAE WX 6 2B 5 4 ) FH Y
55 BRI A TR] X (] — Bt i 1) 58 2 e 1 2
HA5XFBEAR L (A5 Ph O3 58 1 AR PRI Byt i
FI R R AR T X =R R AW A2 B A
LA AR 12 JAEE RS P AR ARPRAE Y
XPRIR IR AW | 2 F 2 1 R R 2 8%
X HE G AL, R IS i P SR NE
AT AR B A R Vi A5 R R AT TR A 0 v 254
(AR s 1 — 255 I 4y AR 2060 33 43 B W SORT A
2.2.3 RPREAEY Z R B RSB

T RBOE T W R O WRER Z AR, BEVR
AR YRR 2R T RER I 2 AR B i, RIA
A ZHFCA AR BER P & 0 B K, = & R 2
AR BB SR T A E R 2 e 5 ]
AL AR KA BT (IR 2 Ph AN F R R AL
= BEAE RS 2 AR, R & & P 514 T,
KN AR PR RIS R 20D

X AN ) b B A7 IR O B R A B, 45 3R (1B 2)

FEHA 4B AR K 3 IR T1 I CK By —2%, W] Pb
i 50 mg/kg XHAR BRI Y RETE 2 AN, T T2
T3 BA—J, T4 g Ry — RIS Pb &
TR AR BRI RIS A2 B A A K T
B, Xof BECEApR SRS — 28 R[] 9 i Ph RO —38, /W]
W5 4 A R ) 7 S ) AR B ik A W B 2 1K
i Ph 1SRG R 4l AR K 12 AT, T1 AT CK X
BN —2& Al Ph AbHRR R —2 RWIREE K
HFE] SE K, 5T 50 mg/kg 1M XAKT 300 mg/kg Y Ph
X AR PRAR AR R S i 3
3 itig

HRBR A W) AR By SR G A 9 80 ), BE R
B R ER 55 DR N AR S T R AR A AR AL (IR A i
Pb X4/ NAZ 41 AR BRARAE R S e dob 3 T % 26
FERLA: 0 8CEE S Ph & BEY S A G R RS
AWCD {E AR T X i U5 14 ) FRRAE LA B 3R 25 43 B
GERAEH—UEW] T R AR i Ph X AN
PR A= M v i s2 I AR ] B 5 AR &R Y Y
SEMERE BRI O, A IR 9T & B, e /N
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T4 IRERFEDXT 6 EKRRiRERF AR (REE)
Tab.4 Utilization ratio of six carbon sources by rhizosphere microorganism ( absorbance)
AR AbRE WK EY RIR IR REY [ES JHieks
CK 1.29 +0.07* 1.45 +0.05* 1.00 +0. 08* 0.93 +0. 04* 0.80 +0. 03" 1.21 +£0.03%
T1 1.40 +0.01% 1.53 £0. 024 0.98 £0. 04 0.97 £0. 044 0.97 +0. 05° 0.97 +0. 05°
3 JA ™ 1.14 +0.02°¢ 1.45 +0. 04 0.95 +0. 07 0.73 +0. 06" 0.85 +0. 03 1.35 +0.03¢
T3 1.19 +0. 03¢ 1.20 +0. 05° 0.90 +0. 03" 0.87 +0. 02¢ 0.83 £0.03* 1.16 £0.03*
T4 1.18 +0.01° 1.39 +0. 06" 0.94 +0. 03 0.80 +0. 02°¢ 0.91 +0. 025 1.24 +0.01P
CK  1.28 +0.14% 1.34 £0.13* 0. 84 0. 09* 0.79 +0. 08* 0. 84 +0. 04* 1.30 0. 16"
Tl 1.03 +0. 17" 1.13 0. 034 0.58 +0. 095 0.63 +0.07 0.63 +0. 08" 0.58 +0. 05"
7 T2 1.20 0. 12 1.88 +0. 18" 0.82 0. 02 0.81 +0. 08" 0.80 0. 11° 0.89 +0. 09
T3 1.18 +0.12 1.36 +0. 154 0.69 +0.05¢ 0.91 +0. 08" 0.83 0. 07° 1.12 0. 09
T4 1.30 +0. 14° 1.40 +0. 16 0.77 £0. 11% 0. 86 +0.09" 0.91+0.11" 0.95 0. 10°¢
CK 1.16 0. 024 1.46 +0.01% 0.94 +0. 01 1.04 0. 02* 0.87 +0.02* 1.20 +0.03*
T1 1.09 £0. 014" 1.08 +0. 04" 0.78 +0. 05" 0.78 +0. 02" 0.87 +0.01° 0.92 +0. 034"
12 J T2 1.51 +0.01% 1.25+0.07" 0.71 +0. 03" 1.20 +0. 06° 0.90 +0. 03* 1.08 +0. 03"
T3 1.17 £0.05% 1. 06 +0.05¢ 0.59 +0.02°¢ 0.82 +0.05¢ 0.86 +0.05% 0.85 +0.04¢
T4 1.19 +0. 06" 1.16 +0. 04" 0.82 +0. 05 0.96 +0. 04" 0.77 +0. 03¢ 0.84 +0. 06¢
7 A — AR E] R R FIR [R R S R 0. 01 KF B3, RRVING FRERR 0. 05 KF B3,
x5 WRIERRMEYSHEMEIER
Tab.5 Diversity index of rhizosphere microorganisms
ZHETE e AR TR]/ JH] ZHETE e Az K TR]/ JH]
eI R 3 7 12 182 3 7 12
CK  3.32+0.03" 3.29 £0.01" 3.31+0.02* CK  21.67+0.33% 29.67 +0.33%  26.67 +0.33"
Sk Ti 3.23+0.02%  3.19£0.02%  3.29 +0.03* - Tl 21.33+0.67° 27.33+0.67% 22.67+0.33"
_ T2 3.21+0.03" 3.26 £0.01* 3.30 £0. 04* *;f; T2 20.33+0.67% 28.33+0.67% 24.33+0.67°¢
T3 3.20+0.03" 3.25 +0.05" 3.29 +0.03* T3  19.67 +0.33%  26.67 +0.33¢  25.67 +0.33*
T4  3.22+0.02° 3.28 £0.03" 3.11 0. 03" T4  18.67 +0.33% 28.67 +0.33%"  21.00 +0. 00"
1 RS F RS S8R 0. 01 K3 R RN FR/ERIR 0. 05 K2 .
U N T S N S NN N N NN N
T2
S . RT ST
n 3 i »
B CK T —
(a) (b) ©
El 2 RFEARFER 31 kIR (E R T

Fig.2  Cluster diagram of absorbance under different treatments
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REZs A AR 8 T AE =8 Ak, PR, 7 40 2R 45 I
AR i Ph XAR PRI Y & S B R 1B
PR IGO0 g | AR WA DI E 2 A
PERY B A, AR R I Ph 2 BT &
(Syringa vulgaris ) # F A AR R AW 15 3 fin K 2
RIS X B R ] e /N & ke,
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A AR e Ah, (2 B P X G2k RV Y T
SEME IR W] GRE A, ECTA 20 T b AT R R T R A
TR AFDGT 25 A A8 AT RN AN FORE A0 AR X o R
J, HO(E M R WA A S R gulida e i
IR & Ph S5 F, FLPE 4R 22 L A% IR R 3R
BIIR & it Ph W] BB 23 5% M 4 /N 22 40 i AR B 1 38 1
ARRGWRESE, NS5 R RRAE K2
FVEFEA R WG, S 0] 52 0 2 /N 0 A =
Al BRI

TR SR P (<300 mg/kg T 1) SR EE
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Wi 287 INAZ 4y R B - S AR AE 0 S0 A 9 4 4 o
il A AT R A A AR 5 P X R 2 A )
TeRE> 1 (U 5T R WA ik Ph XA/ N 4y
BARPR LSRR RIS R 2 AT RE s i — P R
Wi HAR PR e A= 25 R ST T BE | DT 23 52 0 4 1 AR AR
AREE . I, il S e B 5 T H 48 IR
R I 12275 1 b A AN T RE T RE AR A e R T
AR/ NG Y 3O T R ERR R R S M
RAFAYA L A A R G L A - ) B

4 #ip

(1) RS Ph( <300 mg/kg T 1) X4/
YRR TR W RcE e e H B/ AT
OB S 5 R AT A P LT e T U E ) B S
138 P S RARSCHE

(2) 3 Pb FEAKT 300 mg/kg T A, B3
SO A /N YRR PR IE DR VR D e 2 e, SR
A Wi R FH 58 AT B e 5 AR P 22 R s b

BHEE L, B 552 ) 40y P AR B 1 S WO VR S A R AIE
& £ X
L 20T, XUMS, AR, 45 SaXT IR AT R PR Tl ) OIS R s ma [ 1], AEAS3REE, 2008, 17(6) : 2381 ~2386.
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buckwheat rhizosphere soil[ J]. Ecology and Environment, 2008, 17(6) : 2381 ~2 386. (in Chinese)
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