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RE T ARG ESET TR . G9RERD]: RPUS YA T3 Pb i FIARGE &t T— U5 YAt # . Pb V54
S 4 ASEAEARI S BRI . BN R A N A, WA B AU N S TR Pb HE)E R 900 mg/kg
B, ZEAUG YR TR R AR N AR, — U5 B, REUS YA ER A EAR A R R A B R T —Ig g
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BRI JE RIS BRGHEATE “IRIEmin” B, Sk Pb(900 meg/kg) T5HLht, ZRFVLL B G 4 i R R R B G, —
YR A S0 55t A o BRSO SR . AR SRR R A SR EHE PRS2 i L P V5 R R R AR R 2= . ARG
SRR, BEAAHSCRAE B (R RS LA B, R EEE A TR0 il AT TR 0 S 1) 3% P 55 25 el - 1 4t Pb AT % Pb At
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Effects of Lead on Nitrogen Transformation and Related Microorganisms and Enzyme

Activities in Tea Garden Soil Under Different Pollution Modes

DENG Qingmei', YU Wenjing', JIANG Wenyu', SUN Yimeng', WANG Zekai', GE Gaofei*"

(1 School of Resources and Environment, Anhui Agricultural University, Hefei 230036, China; 2 Biotechnology Center of Anhui
Agricultural University, Hefei 230036, China)

Abstract: A pot experiment was conducted to study nitrogen content, related microorganisms and enzyme activities in tea
garden soil under different lead (Pb) concentrations under accumulation and one-time addition. The results showed that the
total and available Pb contents in soil under accumulation treatment were higher than that under one-time addition. The effects
of Pb pollution increased the contents of total nitrogen and '°N in soil, but decreased the contents of total nitrogen and *N in
overground part of tea plant. When Pb concentration was 900 mg/kg, the contents of total nitrogen and '’N were promoted
under accumulation treatments, and significantly decreased under the one-time treatments. The nitrogen contents in roots and
shoots of tea seedlings under accumulation treatment was significantly higher than that under one-time addition (P<0.05). The
effects of Pb pollution decreased the numbers of ammonifying bacteria, azotobacter, nitrite bacteria and nitrate bacteria, but
increased the number of denitrifying bacteria. The number of microorganisms related with nitrogen cycling were not
significantly affected by different Pb addition modes (P>0.05). Pb pollution inhibited the activities of urease, nitrifying
reductase and nitrate reductase, and showed a phenomenon of “low promotion and high inhibition” on protease activity. When

high concentrations of Pb (900 mg/kg) were added in soil, the cumulative treatment significantly increased the activity of soil
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hydroxylamine reductase, while one-time treatment significantly inhibited it. The effects of two pollution modes on soil urease,

nitrate reductase and hydroxylamine reductase activities varied greatly depending on the concentration of Pb pollution.

Correlation analysis showed that the number of microorganisms related to nitrogen transformation (excluding denitrifying

bacteria), nitrite reductase and nitrate reductase were significantly negatively correlated with the total and available Pb content

in tea garden soil (P<0.01).

Key words: Lead; Pollution mode; '’N; Number of microorganisms; Enzyme activity

5 ¥ G PR A A B4 3 A M I BV 1T 52
B R BPOE N ERGEZ —, T HAR
WA, Tl im ki, o IR mE
AR Po WIAIE, 5 Po BB AHER, WE
R, X A AR 1 X LA B

AR R R 2 DA R 1 b,
A 32 B R 2 G TER, ARG, At
Hiiy Pb i S BB AR A RSP BRI A A
RIZFAEY), MARRMFRIEFFE R, AANS5EY
RN A IR e B 4R R AR
4K, b REREHERIY LG VR R TIfe EAE it 2
K, PRI 8 R 0 R P B DA O,
TR — R RE AR, SRR 2
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A RAS Pb {5 HABESE A A ARIE,
B ZAE A Pb {5 Y X 28 i A AR 1 e A PR B A
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PR Z T RO &7 2SR S R R 1
BNETHRIANIBHITFIREL 30 a S5 RO ASH, 132k
RO RRIE . Bk E Y £ HER A SR p it - 4,
PR AN, KT, B, s e+
HEEA AL E M, 3 pH K 3.93, A HLIK 22.9 g/kg,

45 1.25 g/kg, KIRA 120.37 mg/kg, BHE TR
1.98 cmol/kg, 4xit Pb H3{H N 9.84 mg/kg. 7hAkik
55T 2020 4F 9—12 HAELBURM KA F R #E17 .
1.2 Rt

2020 4E 9 A, B ARBIHANRT T35 3.5 kg, H5
I 2 R Rttt BAESRI 4 bR/AE. LA
i A Pb, HEFT Pb [AALFE, Pb LA PoCL IER TGN,
BN T7 25— RPN (— 5 ) M 51 14 10
WIS I(ERTE R —IKPET NS AIFREL 0.472 1,
1.416 4, 4.249 3 g PbCl,, K H 2 iR & 2 A +
Herp, 1530 - 4% Po WREE R 414358 100 mg/kg(OL) .
300 mg/kg(OM)F1 900 mg/kg(OH), RFERINEHR 5>
SFREL 0.047 2., 0.141 6. 0.425 0 g PbCl,, IET 50 mL
ZEIRK Y, BN 10 W, ERRIEREG 10 4, H3ET P
1) 38 i SRt A e 4R BE &R 91 43 5128 100 mg/kg
(ML). 300 mg/kg(MM). #1900 mg/kg(MH), H:rHA~
JiE AN Pb kXt BE(CK), St 7 AMbFE, AR EEAL
MIE 3AREE, Wit 21 4. AN ARG, [
g IN N A 30% BYRE 0.5 glkg, BEAD
JE (W5 1R — A #1)0.44 g/kg.
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B IR A), — o e AT KR H BH4E,
4 CUKFETRAE, I 3 wsoe ; —34r
T, B, 1oF 2 mm TR HOA 4 CokAE T
PRAF, T SRS R 0
1.3 MEFE
1.3.1 A% Pb & RIS L
4% ((CAP 7000 Series, Thermo, FEE)FATIE,
EDTA & AE REREGAN . BRI, FREL 5.000 g
+#£, fMA 25 mL 0.05 mol/L i EDTA &k, 1§
¥ 2 h JG AL AL, 4000 r/min 2.0 20 min, B L
TEWUH/K ZRUERE(13 mm x 0.22 pm)id 38, FHLIE
132 £&EPb&E  CRABBGRE ST AIDL
AL ((CAP 7000 Series, Thermo, FZEE)HEFTIE . i
B 0.1000 g 3T ME T, A S mL fif2 . 3 mL
MERK . 2 mL SRR, FHIH ST, o
WIFE 120, 160 A1 190 CiHf# 10, 10 A1 30 min; ¥
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fREE G, 8 N, AR, A 1 mL &
AR, 7E 160 CHREIL T, A 25 mL &=
ER HKRIERE3 mm x 0.22 um)id 3E, FALIE .
133 AEwEGE ARG A AR R
SR PR R A T-ARCER I s ;S IR 4 T L A IR A T
AR P 0 R 50 SR FH e R sl SR B (MIPIN) s g 3 31
/_\:—‘E[IZ]O

R4« FREX 10.00 g Bréet 3%, JA 90 mL
JoHK, BTHK LR (160 t/min, 30 min), HH
FFE Smin, N 107" HHEER . B 107 HHEER 1 mL
9 mL TR KIRGIAI R 107 LHEE, LIbIsdf
Bodl 1072, 107, 107°...10°° 4 Bk .

TRAT AR . RPN 535 0 IR, R
PG4T, WEEL 100 ul, MAAHRN B IR, FHg
asiRAmys), BlE TEREMA T, 28 CIEFHR. B4
T3 3 A EE AN A A A R R AR 107
TR

MPN Fileik: WEBChr i) e pe R385, 29
TEH S ANV EE I 680k, BRI 1 mL,
INAFIRA 5 mL LK ARE T, BT 28 C fHE
Bigift, Bigk 14 h 5, Goil b R (R 4m s B 1072~
1070 - BRI ;R 40 B AN SR TL AN BT B 107 ~
10° +3EEH).
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(F 1) SXTHMEL, PbIRIE R 900 mg/kg FI—kPE
VRN Pb ¥R BEE R 300 mg/kg B G 4 45 v i 4 A
& Pb WREE N 300 F1 900 mg/kg I BEHM T +
e PN R Ph WRIEMIRFIN, —kiGY 4
FUR PN i T REUS (100 mg/kg B PN B R
HERAN), (H2E AR IR E] B E K (P>0.05),
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Fig. 1 Effects of different treatments on total and available Pb contents in tea plantation soil
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#F1
Table 1

TR FE LT, REMM EHAL TN N AEHZM

Effects of different treatments on contents of total nitrogen and '*N in soil, roots and shoots of tea plant

A HIEARSEgke) T PN SR mg/e) MRS E(gke) BN SEmg/g) M AR SR (g/ke) HEE PN & (mg/g)

CK 0.78 +0.14 ¢ 0.031 £0.007 ¢ 16.2+ 1.2 ab
ML 0.84 +0.02 ¢ 0.035 £ 0.001 cde 16.1 £ 3.6 ab
OL 0.85+0.08 ¢ 0.034 £ 0.003 de 16.9+2.1 ab
MM 0.87 £ 0.04 be 0.036 £ 0.002 bed 15.1 £4.6 be
oM 0.95£0.08 ab 0.038 £ 0.003 be 15.9+ 1.0 ab
MH 0.97+0.05a 0.040 £ 0.002 ab 192+0.8a
OH 1.00 £ 0.07 a 0.043 £0.003 a 12.1+0.1¢

1.41£0.14 ab 28.0+2.10a 249+0513a
1.21+0.42 ab 26.5+0.54 a 2.08+0.226 a
1.25+0.16 ab 270+121a 2.06+0.114 a
1.11+£0.50b 266+ 1.76a 2.03+0.445a
1.10+0.08 b 263+ 1.84a 2.13+0.276 a
1.58+0.13 a 27.5+126a 2.17£0.129a
0.39+0.00 ¢ 18.6+1.48b 1.14+0.082 b

TE: n=6, G5RNFIME £ FRiERE; FFVEEE/NG TR R RS b B 25 5 B 3% (P<0.05), TRl

ARG 728 P 15 Y X AW AR & it 34
FON SR LE AR 1 FR . RS Yeab BT 4%
IR R %M N S EAE Pb ¥E N 100 mg/kg(ML)
300 mg/kg(MM) I 3 20, £ Pb ¥ JE i 900
mg/kg(MH)I NIk 2R, /330 19.2 g/kg M
1.58 mg/g; —IKIGYAbIET, Pb 5 YR8 TSR
AAFM PN i, HFEE Pb WA, FER
RAREM PN Frm R — D i, 7E P WA
900 mg/kg(OH)If f /)N, 43k 12.1 g/kg 1 0.39
mg/g. Pb V5 YFRAL T 2SI b BB EUR PN i,
24 Pb ¥ N 100 mg/kg F1 300 mg/kg B, AR 7=
NN Pb XA AR R A 3 R PN B 22
SN, Pb KN 900 mg/kg I, ZF5 YLk
TRAHR R A B2 PN e R E e
F—WI54(P<0.05)

2.3 PbXMFELTERFUBEDHZID

AR5 2B P V5 ek 5 e + 4 5 Fn] s
RIS 2 iR, Pb 15 Y5 R A%
bl 1 398 22 Ak 20 TR B i S0 IR L 22 R R
(P>0.05). Pb V5 YAk T 45 bl 498 rh [ AE AR .
T TR 0 B I TR 200 TR P B30, AR LT XTI, P MR
29 900 mg/kg I} AR [ U 8 1 AT Pb Ik

R s —WPEAS N 300 mg/kg B Pb i EF A F]
900 mg/kg, fiFlR 4 P 0 £ W E FER(P<0.05). Pb
WeFEARIRIET, AN[EJr=2Cas i P V5 Yext sl + b
PRANTR . 1A A= 1R . 7 As T5 200 TR 1 T 4 B 45 11
WA RE . BRUSYE Pb #REE N 900 mg/kg I i
ERIN T A0 b RO A A A R, AR
Pb b 35 (% S Al Ak 40 PR 0 5 0 BRR 1L 25 S AN I
(P>0.05).

+3E Pb H5EEFHALBEYECE R Pearson AE
PESMHTINE 3 FivR, Aol HErh Pb £ S5HME
It ] S AR b 3 Y IEAE OGO R . E AT . H AR A
AT IV 2 240 1 RS T 4 T ) 30 S 4 el + 38 P P
G AT RO P i ) 2 B S 3 ) SR DG OG R L TR
TS AL A BT A B0 5 25 bl 3 P Pb A iR RS it
(i) £ BRI i 2 199 TE AH OGO R (P<0.01),
2.4 PbXFELTERELNEEFENZID

H2 4 I, HE RS R S5 A5 1 4 Pb M
AR Pb R RPN E AR
(P<0.01), Pb ¥ A 100 mg/kg I}, 2 (A BEHE RN
Pb ¥ JEH 300 1 900 mg/kg B, FHGPE AT,
H P WREENGR, FPIMGME T BRI R (3R
5)o Pb WRBEAHFIET, T5Ys 20 A el 4 S 1 il I

JE K 300 mg/kg F1 900 mg/kg FF, SV A PR 40 71 ) 1

PR 22 55 AN 1 35 (P>0.05)

F2 FRELEMFETBREARELMEDRERIZI

Table 2 Effects of different treatments on number of nitrogen transforming microorganisms in tea plantation soil

Qb FALATE (10° cfu/g) A4 A (10° cfu/g) WASFRANEE(10° 1~/g)  WHERANEE (10° 1/g) SUEAL A EE (10° 4~ /g)
CK 7.11 £ 1.26 ab 479+ 1.65a 048+0.10a 15.37+5.56a 1.08 £ 0.00 b
ML 7.17+£3.15 ab 3.88+1.02 ab 0.35+0.04 a 13.54+1.44 ab 0.92+0.36b
oL 730£081a 423 +0.96 ab 042+0.12a 14.51 £3.37 ab 0.89+0.35b
MM 6.58 £ 1.00 ab 3.29+0.75 ab 0.20£0.10 b 10.91 + 1.43 abc 2.02+1.00b
oM 7.42+0.40a 413+ 1.11ab 0.17 £ 0.03 be 9.79 £ 1.91 be 0.92+0.36b
MH 5.87+0.97 ab 2.79+0.54 b 0.12+0.03 be 9.21 +£0.74 be 7.50+2.68a
OH 549+£1.09b 2.33+0.69b 0.06+0.02 ¢ 7.27+2.60c¢ 0.50+0.00b
W n=3, SiRFRNVHME £ iz, T,
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Table 3 Pearson correlation analysis between total and available Pb contents in soil and the number of nitrogen-transforming microorganisms

HE Pb 45 Pb AL A [ AU S T 4 T TR SN
AL Pb 1
4HE Pb 0.999™ 1
AfkanE -0.630" -0.624" 1
B AR AR -0.635" —0.628" 0.418 1
Ui T 41 T -0.805™ -0.792" 0.575" 0.584" 1
T R 240 1A —0.666" -0.653" 0.310 0.457" 0.619” 1
R AH AL T 0.576™ 0.6017 -0.174 -0.250 -0.312 -0.222 1
e * FRMETER P<0.05 B KT o FoRA R P<0.01 BEKF,
x4 TEPEENAYNSIESARHNETEENXRTRE
Table 4 Relation equations between total and available Pb contents and activity of nitrogen invertase
AR AL —JC R )5 2 R? P
BRI AT y=7.465-0.006x, 0.726 0.000 0
y=7.413-0.004x, 0.713 0.000 0
O P 7% ¥=0.292-0.000 05x, 0.185 0.125
¥=0.291-0.000 04x, 0.171 0.142
T 2 A it 1 14 ¥=0.440-0.000 1x, 0.523 0.000 2
»=0.439-0.000 1x, 0.506 0.000 3
i TR 3 3 it 1 ¥=0.569-0.001x, 0.706 0.000 2
=0.564-0.001x, 0.693 0.000 2
R e I it 1 »=0.157+0.000 04x, 0.098 0.166
»=0.156+0.000 04x, 0.115 0.132

TE: x4y EDTA AJH4EHS Pb & ht; x, N 4xdd Pb & hb,

£S5 FRLEMFETBERRENEFELENM

Table 5 Effects of different treatments on soil nitrogen invertase activities in tea plantation

PR BE(NHS-N, pg/g)  WREE(NH;-N, mg/g) T ASHRE R EE(NO; -N, mg/g) R 1A R (NO; -N, mg/g) F Mk 5 (NH,OH, mg/g)

CK 7.05+0.58 a 0.32+0.01 a 0.48 +0.03 a 0.84+0.03 a 0.19+0.01b
ML 7.90+0.48 a 0.29 +£0.00 ab 0.41+0.02 be 0.54+0.04 b 0.15+0.02 be
OL 7.85+0.90 a 0.29+0.01 ab 0.44 +0.03 ab 0.35+0.00 ¢ 0.15+0.02 be
MM 539+1.00b 0.30+0.00 ab 0.40 £ 0.01 bed 0.26 +£0.01 d 0.15+0.01 be
oM 5.89+035b 0.22+0.03 ¢ 0.38+£0.03 cd 0.27+0.01d 0.16 + 0.03 be
MH 3.83+0.66 ¢ 0.28 +0.00 b 0.36£0.04 cd 0.06+0.00 ¢ 0.24+0.02a
OH 3.53+0.60 ¢ 0.24 +0.00 ¢ 0.36 +0.02d 0.03+0.00 ¢ 0.14+0.02 ¢

JIRAHE P 5 25 P+ 18 41 Pb FIARL Pb 7 (A]
B AL AN L35 (P>0.05)(5 4). Pb J5 4] T 4%
R EEE T, FLREZE Pb e B A i 4
R 5). —IRPEEAN 300 mg/kg () Pb BN Pb
W B2 IR 2 900 mg/kg Bh 2 T Bk el - IRt % 1 1) ik
EREAK . Pb KK 300 mg/kg F1 900 mg/kg I, 157
J7 3 IR v, RES Y R ST 5
(P<0.05).

VA P 34 S i 4 55 A% el 398 4> i Pb L 24 Pb
O £ [A] A AH DG 13k B i 25 7K P (P<0.01)(3 4).Pb
75 Y i RRAR T A D] 3 Y R A SR G M, ELRE

Pb V& JE 3 i VR 3G 5 (K 5). Pb Wk EEAH R,
T Y Ty OGS 25 el - 3 TV A 2 3 i il 3 A 1 R e AN ik
& (P>0.05),

TSR A IR G M 5 4 Il - 4 42 i Pb I ZL Pb
() P A R E A K R (P<0.01) (3K 4). Pb 54
SRR T RS AR A R A TR M, HLREE Pb kB
(RSN, T3 PR TS A B 3 K (3R 5). Pb MR E A B
900 mg/kg i, MR IA S5t A TG P B A0 T AR B A K
14 Pb WA 100 mg/kg B, V55 2R FR A R
g AT s, RAUS QS T ks g
(P<0.05); Pb ¥}y 300 Al 900 mg/kg i}, RF5YL
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AR RS R SR BTG M v T — 5 e, (R A P ) 2 S
FNTE

R P i it % 1 5 4 el 1 38 b 4 5 Pb FIAT ZL Pb
BRI E A M (P>0.05) (3% 4). Pb IS YLk E N
100 1 300 mg/kg B, X ¥Rl J i R e AT &5
(£ 5); Pb I5HYIRE R 900 mg/kg i, ANFEVGH T
SO A S Wi TG P e AN (], SRR G bk 25 (R i
JHE 3 T I P, — T G DU 3 R A BT A g 0 ) 8 R
(P<0.05)(F% 5)

3 Tt

Pb WG, + 340 hE Pb FIAA S Pb &1,
e R M THASBEAAEN KA G G HEA R
e, RS Po St R 52 2k el 13 Pb & f I
AUSGTRNREFERER, X5 E R
g I —30 AN AN Pb 15 e X 45 184 i P
FIARL Po S AEIA 2257 . AL Po A AL
A B R HERS Mk, BAS Y Ph fE -1
ZALBT G, WIS BB A P S im T
— KI5,

VR EE Y Pb Ba T A A R, A
— 77 T A Jm A T A Rl R P ) NO; B,
NHy, 75— J7 M8 4 J8 B 1 28R ZAC R At R Y
—SEOCHRE A IE M, NI S B AR RN ZE v A R
BN R BN 4R b B — i it
PR, T ok A R AR IR,
4 I [ 5 FE AN R B FE R B R By DU B
T P ATL ) B iR 1% 9 A P o — 22 LR AN 2R
HRSREEREAD, F—eNESENa T,
Yoy LU 5 B BB e e o H B i R
YER . PRI Eb 1 SRR I A e B8 A — s
HATE—RYEGRINE X 900 mg/kg AYZMNE Pb A4 2x%t
TR FIZE T 2R PN = A B R, = R
MY HE 482 1 AR AR TR FE, S TR
TP RS =GN

Pb Jia /> 7l AR A e . A A A
MEAH IR 20 TR PR RR A P Akt s BRI T ARl L JORTE
il 1% 345 Ji i R IV i 92 3 A Bt 1) 35 M o Oliveira I
Pampulha™ i 55 T K31 3% 75 YL (] UM IX ) -4, &
PR G A AR b OAS [RGB RT3 R S ]
S YR R A — e VR, Sl
MUKy F 0 R S S SRR RO A R R
145 DNA 4544 LK 5 BE A S 45 6 SR s A vt i A:
Yy R = A B AR R, DO S B0 P B0

IR P A BFAR o AR SO SR 25 SR 3R . 4 @ X I
TS ALAE H e ARV E I B e /)N, AH EE TR AR B, )
Tl Ak A BB T A2 5 4 SR JBhaet , vl AR R A Ak P ) B 4 )
5 YRI5 N R A A LA AL P TR 22, 35 N 3R 0] BE S T
EY 2RI KR, B 5 A K8 2k
PERAR A B SRR FREEAR L, S92 A AL A A o
KRB ZREME A KRR, Py ARy 2% 45
T35 EEIIAE R YR N B3, AR
PR A B 5 Gy 3T TRl — 15 Ye iR BE (A 8K Pb & 2%
SEARXTEUIN, 88 5 FAE PR A A P R U 1
T B R A EE A Jm vk , DR (A — 5 vk BN
15 Y5 2N TR RO 25 AN K BEIE 35 N AT LA
A0 3 TS 7 B A 118 3 455 P 14 K R SR AR 118 e 25 P
IR AR AT RS e B R T LA i el
A5 FL A RN 285 D DR i 4 AR 1T

4 X - S T A 5 e DR A SIS A [
FEEE S . (RWRIEAMNE Po 288N ABHEE, £
PAEPSIIEGE Cd. Pb e E TG Y i 3 P R RS R Y
A, WA T AR 2R . T4 8 AU Ry L il
{14 B LA DR -5 M T, 8 T LA 2o 5 ) 4 [
SR EETE P . BN AR OT S I ARV b 2 B 1 1
tF Pb*" WBE K 100 ~ 500 mg/kg I, AR I T AT
SRl P WaE N RS RRIS JRERE RS, TR
o 4 R R T R3S S R e A
AR B S R £ 2 /b, TR A It T R S 0 Uk
b, AR IR EREAR . SR EERY Pb e X A4Sl £
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