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BREEIFFERG, REE 300072; 2 HIEEMSERHEARAE, B 311100)

o OE: BRI REAC AL F -3 S A S S, USSR 3K 300 5 (0 A0 il B AR AL FT L3 WE T %, A& BhAN
KA R R S N SR, WY T RNEIR(CK) it F AL IBONPK) it F AR IR HUIRONPR M) R i FH A AUIR (M) 1= 58280t 44k
WIREEE IR . S5 5 KRR BRI A (HRPYAHEL, 13 LA S B A S B, AR | RH 2T 3 8 S A i %
PEYSHEA 0.4 ~ 1.0 U/kgo K ITHEAE 228 08 T a2 S et 1, J0ep DL M AR #8288 o S A AR 1 e, TIIE 0.7 Ulkg,
bt CK AbBEREIN T 70% LA bo ARFEMECERR T, CK A1 NPK 4B 32 A MBS M C B3 25 5%, 1 M A1 NPKM AL 2+ )5
5 A P I O AR A P T 2 P B I (RP=0.71,  P<0.01)o (Rl K WA B, H 3 S NG P K 2 AT B, R WIS ok
S T HEAR B G 1 AR SRR H M A FR 2T S S Ak S P L CKORI NPK AR FIAT 3R e PR T e R R ARAH DGR 0 MR,
PR ARG T R RN T R TG B (R KT o BRI, AT B T LA e 3 AT 2 A A e 4 i
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Effects of Long-term Fertilization on Peroxidase-like Activities in Soils

WANG Miaomiao', LI Bo?, YU Guanghuil*

(1 Institute of Surface-earth System Science, School of Earth System Science, Tianjin Key Laboratory of Earth Critical Zone
Science and Sustainable Development in Bohai Rim, Critical Zone Observatory of Bohai Coastal Region, Tianjin University,
Tianjin 300072, China; 2 Shenergy Environmental Technology Co. Itd., Hangzhou 311100, China)

Abstract: To explore the effects of long-term fertilization on soil peroxidase (POD)-like activity, desert soil and red soil were
collected from the different fertilization in two long-term fertilization stations aiming to compare their POD-like activities using
the colorimetric reaction of nanozymes. The results show that soils exhibit a classic catalytic activity to natural horseradish
peroxidase (HRP). POD-like activity of desert soil and red soil varies in a range of 0.4-1.0 U/kg. Long-term fertilization
significantly alters soil POD-like activity. Among them, soils in the long-term manure (M) fertilization have the highest of
POD-like activity (up to 0.7 U/kg), which is 70% higher than unfertilized soils. The fertilization time has no significant effects on
soil POD-like activity from long term no fertilization (CK) and chemical fertilization (NPK). Notably, there is a linear correlation
(R*=0.71, P<0.01) between fertilization time and soil POD-like activity from long term organic fertilization (M and NPKM). High
temperature sterilization alters soil POD-like activity, which is dependent on soil type and fertilization treatment. POD-like
activity of red soil is relatively stable and not easily affected by environmental conditions, suggesting soil intrinsic POD-like
activity rather than the absorption of extracellular enzymes on soils. In contrast, POD-like activities of soils in the NPK and CK
treatments have a poorly stability and are easily affected by external environments. Pearson correlation indicates that soil
POD-like activity is significantly correlated with dissolved silicon and magnesium. In conclusion, fertilization practices can alter
soil intrinsic POD-like activity and then affect soil nutrient turnover.

Key words: Long-term fertilization; Nanozyme; Peroxidase; Fenton-like reaction; Nutrient cycling
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- SRR P AR VA TR M skt R, AE
ORI, KEEEEE 500°C =il J5 i) 133475 A B0 1 4
s e, FRABRGCEY) . HY WGz 2, 3
Yyt ELAT AL 0 A i A TR PR BB a
WERM, M PRt/ N —E R B (gl K ) ) B &
THMARIREEAEACIEE, R AR EG ", 4K
O g W TES . B, T MR
B, RIS T DAE ANATIAH TCALAK A & —Fh
AW TE PEI IR AR GE AR, AR L, Gk
FEARRAE G S B SN, HAE TG R I T3
TALE P A5, PRS0 R i A = 10 b
B B gan, BRI FesO4) 40K Bk B9 &
BEL A5 [T 1 AL W (peroxidase, POD)E 1, 1438
il 6 1 2 A i SR S (H O A7 A S5 1 T 4 11 5 IR
W A AR JE R O R et 3, 37, 5, S5
DY HH LI R e (TMB) IS 41 846 15 €2 7 ) (TMBox),
[ B R K R R, i R (DPTR .

H,0,+2H" +2TMB —2"%_, 511 0+2TMBox (1)

YT A AN K A W O B 3 BE RN BF
FEAR Mt AEFE T A9 - 398 4R R S M T T TR A B
T YN0 LIEERAGAE . WA HLE AT AL
o B BT R X, @, gk R
LY. &JRERY . A S AR
WM, A KR 9K G ok U o]
WA AR HE i R 1 Wen ZEUSVUE B, BRE S
BRAR ALY R LU A it A DLt 55 1 Rt
P A R s 4 p R SRR AR ALY & i . Huang
AU B B, A HLICHLED G B B3 T 4 5ok A £
HhEE IR R ALY B LS A BE T o BR T A Ak
FEHET YA LR A HIE R, JE B E AL e Tt
Wi EREAR T LB . BRAAALBREE, Tk
DT ARSI, AR A MRS,

i A AL P 3 UG SR o i B
B, HTE T - HERRIE IR B R, TR
5% - e TR F Al A il X A 39 A S AR W BT 1 Y
SN, AR RS SR Y LR E S A
TR+ 2 2R +35E ) 2 AR (>30 a)E iR vk
ANFI AL AL R A= HE AR XT G, i T e A Ak
Wt P R X 30 i A Ak PR g 7, 35T T 2 AR
Al T A Ry A A R BT T R A B ) O
FEEE AR BA S B g 2 R AERE b, A5 T L3 Ak

Wt T P G IS P ) 8 A AT 5 () AR B8 g Ly
RS K BT BR T A AR MR A K AR
(TR, BRI T R R L. AR
SRR R A Ml A B it XoF - S T P 4 52 i L ) B 5
RftZ%,

1 HREH%®

1.1 &

HEL Ak A 2 MEZE I SR K
1 O W50 A5, b B Bt B R IR A R
R e DX (AT (8 AT il 4 ) (43°9526"N,
87°46'45"E) 'S VR o [ A b Bk 2 g 48 BH 2T 1856 v
(LA RIFRAS BB (26°45'12"N,, 111°52'32"E)™",
PG T 1990 4F . B st iR 56 s + R R IR -
R 1.25 glem’, BhRI S 283 g/kg, AHLIRSH 8.8
g/kg, pH 7.95; ABPHIRIE U, LIERADLIE, KE
1.05 glem®, ki & & 614 g/kg, AMLIR & 6.1 g/kg,
pH 5.7, 2018 4L UM A0 0k 4 AN AS[A] it A A 34+
B, AdEX AFE(CK) . fLIEAFR(NPK) .. fAER
APUEAH(NPKM) . A HUIEEFEMVE BT RS
S rp T s RAS BH X6 3 it FH A AILAE 23 30 2 2 R
26 Bram st A B AR A IR R | BRR
TR E 5 A PRI o0 5 R R R | i SRR ES | SR
WIS HTEEME I Tk, R ERWGRE, T 2018 4F
7 FEHT 9 H 53 R AR A1 BRI et g sk 1 49
ho SRAERT, SRAINALEE %, DEAN 5 com
AN 5 RE 0~ 20 cm F£JZ 5, BAAEHUNX
KA 10 MRS HARR A o FEACRAE S PRBRA R | it
A ATEESY), MRS G A B IR TG T
WK, HTIE TR 0.25 mm )5 £ . LA,
R T R B AT ) ) 1 28 5 S Ak Tl T T S )
ARPHIRER S 1995 4F . 2000 4EH1 2010 4F 57 2 B 77+
et T o A 2 S AR A v o et + AR
LR L 1,
1.2 TEEERHYEE N E

FREC 2 mg 100 H AT E4£, ¥ 0.2 mol/L., pH K
3.0 ) NaAc-HAc Z& MR A1 20 uL 3,3,5,5'-PU F LB K
Ji(TMB)#%# (10 mg/mL, #5°% DMSO, MFItaT
REFRHEARA T 1 mLIBSHIA 2 mL 8.0
EHIFRAIIS) . TMB IR RS b B, SR
AR FHBAR o 2 fL ¥ i (horseradish peroxidase,
HRP), il B JC (00 il 2 R A (5 1 R Pk 2
M, M 18%, HA LGS, . o01a
(44 000 Da)y/v. Hyifil s 0yFetk, [ izis T ok
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Table 1 Basic information of stations and soil physicochemical properties
RAER HURE 3 +-15 St HHE it AE - (kg/hm?) pH  HHlk  £& CON
Ay KA BE i A TN P05 KO HHUE (gkg)  (g/kg)

S 2018 ki EACRPA b KIGH—  AEfE—  CK 0 0 0 0 8.06 147 088 167
IRk T oty BUMAESRLE EK- NPK 2415 138 585 0 789  13.8 0.88 157
A/MNE NPKM  84.87 5141 1205 30000 7.81 258 1.80  14.4
M 0 0 0 30000 8.09 269 222 121
B 2018 4rE EpULREtE P EX-  CK 0 0 0 0 510  9.10 0.86  10.6
R /NE S NPK 300 120 120 0 419 138 113 122
NPKM 90 120 120 41700 6.08  18.4 1.74  10.6
M 0 0 0 60000 6.58 169 1.69  10.0

(ELISA)X A & . A T #f HRP F 3 e AEMEAL T 1,
B R A B TAEIRGT Cykisd, IE1E B &0
T 7% 1 min, B IIA S ZHRE N 0.625 mol/L HHT
i HyO,0 5 HERS AT HyO, 25 FH I RAE %) R A 7
W, Jrikm b S&E, WE 652 nm AWOLE, &
25 sE 1R, MR 30 min. GUKEFCE LT
ALY B TEE T A KA

Branozyme =V/(exD)x( AA/At) )
K buanoryme TR FALWRMEILIGPEU); V R
MBI (UL) ;s & AR RIS R EL, ASBESE
TMB 7£ 652 nm b EE /R ICR E0CN 39 000 L/(mol-cm);
[ R CHE LA ML A6 B AR B (em) ; A4 i %5 1
B BIWOGRE 5 I AA/AL R 652 nm ARG BRI IR AR
fP,
1.3 TIEEHIEFRNE RN K E B

+ 4 pH AR ECK BRI 2.5 : 1), +
BEA LK . 2ARHICR AT O E . IR R
RPRBOT RS IR Yo 552050, 1 0.45 um BB ,
DRV T WA AT DL R AT ISR e R . 3
AR PEA LA BBk BEM A2 Jy 753 IR Schumacher %51
Y 2P vk . RHEK BRI EIRKE Tk,
TR LB RS O, BT RS KR,
T 121CHM KA 2 hy BEE I TCRE KR &K &
T A KR ) 60%. K I 5 HHEH T 4450
AALYI BT
1.4 Zitsh

IRIG KR % ] Excel 2021, Origin 2021b. SPSS
25.0 A TG AT, B E AT P<0.05.

2 HEREHSW

20 KEHRET LT U Y EEEE
5 HRP AHRL(E 1A), e B A it A ik

YA B (0 5 N (B 1B) . BT, IR Fnar 39
Hid BB ETE R 0.4 ~ 1.0 Ulkg % F K 1,
CK Ab#EA F AR 125 A AL W B P (0.4 Ukg),
NPK 1 NPKM &b EA AL ) 2 0k S8 10 ) il 1 2
(0.53 ~0.63 U/kg), b CK AZbFH/ 54 M1 38% A1 64%;
M Ab3UEA 5 e 1 285 S AL W R TG £ (0.76 Ulkg), [
CK AbHE N 97%(F 1C) XF T-414%, 5 CK AbBE(0.41
U/kg)fH LG, NPK AbERSE i A A P 1:(0.38 U/kg)
WA R B EE S, M M ALFE(0.70 U/kg) Al NPKM
AL H(0.76 U/kg)ZEad A AW 1 0 35 3 v, 0ol 4
i 69% F 86%(J& 1D), CK. M il NPKM Ak #2145
et AP Bl S OB AL, 1T NPK &b 32T 45
1 S A il 1 AR AT

R TR it R S ) S e, BHE SR T A0S BH 355 3k g 5
A IR AL BERS E(R 2). Z5RFRM], 5
JEAE 5 a (1995 4F) BFAHEL, AL 10 a (2000 4F)F1 20 a
(2010 4F)iF CK il NPK Ab 2 S AL G 1 56
5 2A), NPKM AbBRAETGAL 20 4FH & A5 18
s T M A d A A I 1 D) i S s ) 2
HEHNR? = 0.74, P<0.01), £it, KIWiEAE 5250
T R AR RS T, 1T LA FH A HLAE 4
AL I MR e
22 KREGEITKEERE TSR T RHYEEELE

g

] 3A R, KRN KIS+ 28 5k S A il T
WA WS 7 4 DAL, 5 AR K TE A
e, WRKHEG CK, NPK, NPKM #bBi i A /b9
g 15 PEME AT $ i, (HOFC R 22 7. SR, SmiliK
WE, M ALt S A B TE PR AT P R R, (4]
WA BEXES . hE 3B A, K e+
RIMABRAR . Hr, KEG NPK AP 4 Ak
YisEE M R S, SR KA RS 1.57 £,
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(A: RIRBARISELYEE; B: MAMAE L8, C. K¥EL; D 08, K EAR/NG FHREF R A FH ] 22 7 i 2 (P<0.05) )

et AL RGP (U/kg)

ARG (Ukg)

20p I
(A) 31 (B)
15F
i =
o) R
2 10} X
£
= =
9 —=— HRP+TMB+H,0, (1) = —B— FH+TMB+H,0, (1)
0.5 —A— HRP+H,0, (2) —a— +1i+H,0, (2)

00 o /////ll/l///ll////l//l////////l////////l///////////ll//ll////////////////l// 0
0 5 10 15 20 0 5 10 15 20 25 30
Hif 5] (min) s ] (min)
1.5 15
© (D)
2 2
2 2
# 1.0} a 1 1.0F a a
e I s
&2 1 2 I
R I R b
U] S 205 g b
W ¥ 1
K K
0.0 0.0
CcK NPK NPKM M CK NPK  NPKM M
yLsL] yhsL]

El1 XAIEAYESKARRELREXISDEEELE

Fig. 1 Activities of horseradish peroxidase and soil POD-like under different long-term fertilization

0.5 CJCK EIINPK EEEINPKM M 8T o osvampi (
a

AB AaB /23 A 3 -
06 EN f; 06}
02 \ 3 7

;;:3:5\ g R 3=0.03x+0.32

§ % R*=0.74, P<0.01

SEN B ‘ ‘ . .
T 2000 2010 02 10 is 20

JHEALAE JREALI [i] (a)

(B AR [ R - B /NS - B 30 2R 75 A [t A A BRI Ak B ] 2 53 . 355 (P<0.05) )
B2 FeRREYE ORI B IR R0

Fig. 2 Effect of fertilization time on red soil POD-like activities under different long-term fertilization

20 20 - .
(A) KA KK (B) £11% C AKX
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Fig. 3 Effects of sterilization on soil POD-like activities underdifferent long-term fertilization
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XA 3 AHEACARBE , K5 LS A YR
PR R B, EAUF CK AbPE S B35, A,
KRR - S o SR Tl T A 4 e A P R T
BERTUAEAC AL BE . teAh, K P A HLIE LD e
AN S PR E | it P AL FAS ft A £ 39 1:d 4
Pl PR PR 22

2.3 TEXRESHEAYEEES AR, ENE

EEIN:ES:ES
5 CK HI NPK AbHEAHLL, M ACFERE I T + 3
HLER(SOO) M ZE(TN) & &, (HRFL T 358 CO/N H;

[FIRF, M ARBEXEAKIE A pH SEmH/]N, T £03E pH
BERIABETHEGE 1) BrtHHeRisinih, M a4
W BIEIN T AT IR R BT R ANEE | B BAAT
LA PR (SOC) & (3 2) M Bk E ik
it 6 P VA M . R FEEDR IR (4 GG, E— 2 HEA T
FEIRARAANE (B 4), S5 RFW, K Y
TGRS AT M R AR i R IR A 2 (P<0.05), H2E
o S AR it T 5 T A BLRRTR  E R DE A
KRR o PERICAHEM, -+ 30 A Y 6 4 T e 5 6k

TR .
2 KHIMEAE LIRAIAME R EM ARG IES Emy/L)

Table 2 Concentrations of dissolved mineral elements and dissolved organic carbon under long-term fertilization

TagEs Ab P AV MR AV R IR EE7S AP LR
YL CK 3.82+0.03d 1.54+0.03 d 0.06 + 0.00 d 45.0+04c
NPK 423+0.03 ¢ 2.62£0.03 ¢ 0.30 £ 0.00 ¢ 435+ 04c
NPKM 5.54+0.05b 3.14+0.03 b 0.48+0.00 a 69.6+0.5b
M 5.93+0.08a 471+0.00 a 0.34+0.03 b 92.5+29a
214 CK 2.15+0.06 ¢ 0.33+0.00 ¢ 0.00 £ 0.00 d 55.8+0.8d
NPK 2.14+0.03 ¢ 0.24+0.00d 0.11+0.03 ¢ 90.2+0.6a
NPKM 3.92+0.03 b 2.98+£0.03b 0.36+0.00 b 88.0+0.7b
M 738+0.05a 3.04£0.03a 1.35+0.00 a 79.9+1.7¢

T B [l NG 5 B3R [ — - SEA [+ Ak 20 ) 22 55 W 35 (P<0.05)

POD

Si

Mg

Fe

Ca

Al

DOC | | 0.60 0.40 0.31 0.41 0.51 -0.16 = 051 .

POD Si Mn Mg

Ca Al DOC

(*FIRTE P<0.05 7K W AH )
B4 TIERTSUYEFESHRIABENY RTRKE

Fig. 4 Correlation between POD-like activity with turnover of C, N and mineral elements
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