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Abstract: The bioactive nitrogen components play a crucial role in the productivity, stability, and environ-
mental benefits of agroecosystems. Extracellular enzymes in the soil exhibit a strong and rapid response to
exogenous nitrogen inputs. By assessing soil extracellular enzyme activities, insights can be gained into
soil nitrogen dynamics. This experiment sought to define the relationship between amendments and soil
active nitrogen components and enzyme activities, as well as to provide a scientific foundation for treating
acidification and managing nutrients in purple soil. It also aimed to find out how different amendments af-
fect the extracellular enzyme activities associated with these components in an acidified Sichuan pepper
orchard. Field experiments were carried out, and six treatments were set up: no fertilization (CK),
fertilizer only (F), lime + fertilizer (SF), organic manure + fertilizer (OM), biochar + fertilizer (BF)
and Vinasse biomass ash + fertilizer (JZ). The soil pH, total nitrogen (TN), labile nitrogen components
and the activities of cellulase (S-CL.), peroxidase (S-POD) and N-acetyl-f-D-glucosidases (S-NAG) under
different treatments were studied to clarify the relationship between them. The results showed that:
@ Soil pH was significantly increased under the two treatments of vinasse biomass ash + fertilizer and
lime + fertilizer by 3. 39 and 2. 25 units, respectively, compared with the control (p<C0.05). @ Com-
pared with the control, the content of PON in soil treated with vinasse biomass ash + fertilizer and organ-
ic manure + fertilizer increased by 102. 20% and 101. 45% , respectively. Compared with the control, the
MBN of soil treated with chemical fertilizer alone and organic manure + fertilizer increased by 44. 28 % and
19.08% , and the DON of soil increased by 72.35% and 57.61%, respectively. Up to June 2022, the JZ
treatment exhibited the most significant increase in soil mineral nitrogen content (p<Z0.05), with nitrate
nitrogen and ammonium nitrogen levels being enhanced by 1. 63 fold and 5. 43 fold, respectively, compared
to the control. @ The extracellular enzyme activities were significantly increased in the four treatments
with the amendments (p<Z0. 05), among which the activities of S-CL. enzyme and S-POD enzyme were the
highest in the treatment of vinasse biomass ash + fertilizer, which were increased by 134.72% and
96.27% compared with the control, respectively, while the S-NAG enzyme activity of single fertilizer
treatment and organic manure + fertilizer treatment was significantly increased by 190. 63% and 75.59%
compared with the control, respectively. The application of lime, vinasse biomass ash and organic fertiliz-
er to acidic purple soil had the most significant effect on neutralizing soil acidity, and at the same time in-
creased the activity of soil extracellular enzymes and promoted the accumulation of nitrogen as well as min-
eralization of soil nitrogen fractions.

Key words: soil amendment; labile nitrogen fractions; extracellular enzyme activity; acid soil

THER KR WA A KA EZEREIN 72—, BHEAPLAE L 2R 900 L, KA PR 2 Mk
Wyt Al T B W ORI A TE AL B R AR A 25 R G Th B A I DR R A R RS R
R AR R AR . R R AL AN OGRS A RO T e SR i 0 O B G &R F



152 THRFFHOGARBF R http://xbbjb. swu. edu. cn % 46 %

HHERZ A E R EAE , MR AR R R G R A I S RS Ut AU K H AT AR B 2
e R AEAUA R, #RE 2021 4F, VT FAE AL E 44 3. 67X 10" hm®, BEAEAR™ R 7E 3. 30X 10° t DA L=,
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B P T e g S Tk S M A S R AT T R b B /N A RS R AR T, AT 4
AN £ Tk 2 JE R 055 1 349 2 0 S S O, . IR R A0 R 17 296 RN 15, 1%, H Firxt A4 B T
P41 2 FURH O A0 Bl & M B9 . 22 4 v 1 ) B - 98 02 43 R G 3 0 AS ) i A e ) o 7 AL DL AR
A PSR BT A A0 S R T e T A X TR A A 498 T A G2 G R A R P 0 S B FLRR G AL o R IR . R
b, PRt o R AR AR T T T R S 1 o A A S L A A T 1 R DG AR AR I Dy
PG TLAN R R AR R 4R 0 pH A 3 M U 43 T A 3 IR A DG R A Rl O A Y S R, AR BIF 5 LA R IR T
VL DX AEBEU™ b el 9 TR 1 5% o o A9 X 42 R RIS . X oA . A AILIE L A= W e RS Rl 3 A= ) T
PR A T RR), RST O AL I X R R 25 68+ pH fH . BORLA HLA(POND | oA 4 1 A (MBN) S ¥
A HLAE (DOND T 0 B M + 327 4 R i (S-CL) . i A LW (S-POD) . & Bk & SE K (S-NAG) 1 P
PRSI B L Y AR 7 A6 A IR R T - N R AL oy B T M DG R A R, R S R S SR
o3 PR AL HIR R AR,

1 ME5AF®
1.1 iREE R

I M A7 T PR T VL X e (29°7 137N, 106°13'3"E) . M Ab v e X . VT X 48 6 1 29 5 B it
AR 78.5% ., FEHIE Ry Febe, J& W 3ty 28 KU I S X, AR 1804 °CL UR4p B, AR PR &
930 mm, JCREM] 341 d. AR e BAR AL LT . pH {H 4. 35, AHLET 9. 89 g/kg. & 0.88 g/kg. &R
1. 15 g/kg. AW 90. 67 mg/kg. HAH 4185. 4 mg/kg. MAA 8. 05 mg/kg. BAA 3. 15 mg/kg. THER
VDR i 2 B O R F T K R 58 1

M 4 Aol B A A BLBR . 4 AU R S B SR AR AL MR T AN 2R 1 TR,

*1 #HRATEERFEAER

L%/ 2R/ )
o KR pH {ii - B g} JERE Ak
(g+kg " (g kg™
AR 12.59 0 0 o R T VT X AR
HHLAE 8.09 209. 4 5.71 o NS 2L 8 A T 2
AWk 7.28 186.9 5 Hh ] T T X T

LR i WS 12. 63 158. 2 0.8 rp [ B R T VL X T Rl
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A=) BB SR AE 800~900 C A KB MI K, LS (EC) K 4. 81 mS/cm, TN (51t 0.08%, P,O;
b 0.8%, FRZZ 4%t 335. 21 mmol/ (kg » pH) . EIROEME, THRBIA. AWk hFE5EE 4100~500 CE 4T
ARRE45, EC K 6.39 mS/em, TN 1 0.5%, P,O, 5 0.1%, BRZErh%54 151. 72 mmol/ (kg » pH) , 4%
Mg Zfl. AHUE FEh ERRBEM K, EC M 2.37 mS/ecm, TN H1H0.57%, P,O; b 1.29%, FREE %
& 247. 86 mmol/ (kg *+ pH).

R L B BRI 0 A R (N 46 %0) L S BEERES (P, O, 12 %) MR R # (K, O 52%).
1.2 REiEt

A g IF el Oy 2021 4E 5 H —20224F 6 H, E 6 M. O A (CK) . @ HifbIE (F) .
@ AKAAIESH . @ AL+ OM . @ AWK+ I B . © P KE+IEJ2) , 44
PRAEHE 5 BRARS S FIRE S5 AH I 09 A6 UR AR S A bk, & AP S 3 A, BEVLIX A HES. T AL HY
15 d ¥ . A HLAE . A9 e R0 R DK s 45 ol R M Bt A 38 . SR SRR S0 19 7 IR AEBE A T 0.5 m i
A K, BEED AR, 5 R IR A A U W R AR A6 BURE 22 A5 T A it i s AR ) e R R R i 1
JeMOiE TR . FEEIPE, 5 HERAS, A SR R — R L it I R ) AR A Y b it AT T AR R
B CK &b B AN, i A Ak $H A 45 280 56 i TR 0], 4% Ak 4L e TS R o8 2 500 bt P ot 0 3R 2 BT

R2 BRBEKERERELRALE

Ak B N P, O, K,O Vw3 ZER N W o R K i
CK — — — — — — —

F 0. 300 0. 180 0. 240 — — — —

SF 0. 300 0. 180 0. 240 1. 000 — — —
OM 0. 260 0. 090 0. 240 — 7. 000 — —
BF 0. 250 0.170 0. 240 — — 10. 000 —

17 0. 292 0.100 0. 240 — — — 10. 000

W BB R ke/ bR, — R AL P A A SR
1.3 HARE&E

WA 439 T 2021 4E5 A 10 A, 10 A 24 HM20224E3 A7 H. 6 H 7 ARETFE, 55— IR
T R B AT, 55 . =T 0~20 om 2 I FHEIR T AT R . TN E A /T R
ALY, VDR AEHOOR 5 R R, 205 TR Tl K L R ER)Z HE0~20 em) , ¥R —AbBRAY 5 kR
AEHEURS T 5 000 R SR FH DU 43 i 3 AR A i — N RE A . 2 4 kg, SRR B9 L IEREAR S R ARy, — A7
T 4 CCUKARYR L, HEAT RIS M . T AU A3 T B D . A bR B DU E A AE 48 h WSERL. ) —
Ty ek WA L AR R AR S A 0 . TS 2k b o g R A TR T
1.4 HFRNEREESH
14,1 EEHFGAZ

- TR AL S AR R B B SR A ) R N R . pH (ESR K 5 ¢ 1 BEES A pH
TR E 5 A HLET R BB TR B — VR B IR A I Bk I 7 5 4 R T EIL IR E ZUE DN E s A Wk A 0.5 mol/L
TR S NI B . AR BRI L 0 R 5 AN SR R G I
1.4.2 XERAHMNZ

R 53 3 SR D, D AR DL SRR

AEMEAPLA(DON) : FRELS. 0 g H3EE T 50 mL B0, 7E25 C PS5 « 1 KL IR 4 h, &
£ 20 min(EHE A 3 500 r/min), (0. 45 pm JEMD , SR FH SR AN — 3 B R B0 VR SR I, D o B I e UK
AR DTN RS, KEEAILERESBOTE . KEEAIA = KEEEA S84 WS
A RHER SRR 2 mol/L KCLIZHE 1 hy AN Y66 Bk 2 5 40 45 SR FH B 9 5 Lb 2k ) sz
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A Y A (MBND « FRICHUES 32 05 (087 i 13 Theprr, B T HS iSSP L O Em7E 25 CHY
B FRFa bR 2% 24 h SRJE RO TuE B LR BR AT . o B ZE 0 TR 0. 5 mol/L K, SO, IR
B4, TRl DUR [R) 7 2 4 O S 28 T3, IR SR T 588 o BE T e . e W i /5

Mypny =E /Ky

L. Ey WEZEMKR B LSRN ZEM: Koo WHEHRE BUH 0. 457,

TR A HLE (POND . FREUE 2 mm G B9 KT+ F =t A 100 mL 5 g/L M7/ Im BN . R
¥ 16 h, ¥ LR AL 0. 053 mm i I I &2 H 28 18 /K vh e 2= 8 W . W A B AE TR+ L 7 ) A
55 CRMET 72h AR BT, TG B A S B E A b, JF DU A A b A A AU A AR KT
FF i A 4 R 4 A R B R 1 AR 2 SRR R A B
1.4.3 2EF g £, LAY oA LK E RN E

T ARG (S-CL) . & ALY (S-POD) FI & Bt 28 55 AR (S-NAG) ¥R 4606 B vk . Bk
VEZ: B INBHER A= W) R A B2 W) Az 77 9 1 53 21 A 23 i 0 R 00 2 a3 s D W 45 L 3 0 A A 0 il 0 2 DU
T2 7R 6 15 T 5 0 9 2 gk R R O R O 1 U 1) 1 B A
1.4.4 HBALE

R 56 H G ) FH Excel 2016 AT B M H 5, R SPSS 23. 0 84X 45 £ 47 one-way ANOVA 4t
T3 #r s >R H] Duncan 3 & W 22 2 (p<<0. 05) K 5o 4 5 Z 6] 1Y 22 5 02 5 A GeiH 2% 2 0, M OG0 Bk
Pearson 7%, W& MK FBE N »p<<0.05, K Canoco 5. 0 ¥4 #4732 % 43 F1IC A 43 . K A Origin
2022 BAFAEA.

2 ER55MH

2.1 JLMBRFIXTIEpH EMEERES LN

M & 1a AT RAE H, TR Bl K70 A9 it P 25 0 3 5 i = 98 pHL(E AR 1k (p<C0. 05) » Horp DU RS IR 3 + 1k e
DA KA ACHE (SE) A3+ 58 pH (R IRE K. AT CK 43, JZ &30 F1 SF Ab 38 - 18 pH (& 53 5l $2
13,39 Al 2,25, £5ALRE 1 pH S BRI - R E A2 . AR SE) . AU+
LB COM) | A= ¥ +ALIE (BF) . B IR (F) . At (CK).

8 a 16 a
T
b
b
T
6 F i 1.2F ¢ c c
T T
o d ”&n d
] f 50 -
T <
Eﬂig 4 % 08|
H P
_H
2k 0.4
0 0
CK F SF OM BF IZ CK F SF OM BF IZ
ah3R a1
a b

ARG FREFR AR AL BR3¢ pH (8 (B a) B4 2055 40 BB b) 2 578 G it 2 3 X (p<<0. 05).
B1 JIMERFANTEpHEREERESHNZM
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R T A 2 ) - 48 4 R R A AR A TR U 1b) £ 40 BT R A BN KB IME R - A HLIE +
FEIE COMD | Bl R IE (F) . A3 K 4RI (SF) . A=k + I (BE) | B R i + R IE J2) « At i (CK). 5
CK b #AH Lo il FH 0 B 704 - 498 4 80T 8 40 B8 & 17 20. 229 ~61. 45 %, OM Ab 3 i 4 AU & 43 B i
(1,49 g/kg) , H 5 HAh 2 B4k B 22 8] 22 5 A et 2% 2 L (p<<0. 05). Ji4h, T CK 48,
JZH(1. 11 g/kg) @R E A HE® T 20.22%, HiZA¥ 5 BF b3, SF #2227 L5 iF¥E
X (p>>0.05).

2.2 JIMERFIGETIEFERAS BN
2.2.1 XBEERAIAAS

Ti FH AN Ti) 250 B 3R 6F 38 16 A LU oy A 3 58 (p<<0. 05) (I8l 2). Ay 38 HILAUR 1 U5 I8 5
KA HLA (POND FE A 8 B9V F R 1 e At 4 40 % Ak, ol 52590 B9 i FH 259 38 0 T 1496 PON 9 Jo &t 4 %, Hop
PLTZ Ab B OM AL SR F Ab B3GR B K, AHHG CK AR B4 03 fin 1 102. 202, 101. 45 % F1 97. 93 %6, HiX 3
AN 2 T TG TR L (p=>0.05). 4540 FE + i AR W 2 (MBND #1535 i o4 45 HL A (DOND Ji 7t
BN BMRARIK Ry . B LR (F) L A HLAE -+ RAR COMD | B L AR (BF) | TEAE Kl HEAEJ2) . A
KA (SE) L AL (CKD. AL CK Ab#, F Ab#E . OM 4b 3 | BF Ab#EF1 JZ 403 + 3 MBN Jii & 43 5050
BB T 44,280, 19.08%, 17. 92201 13. 9500, Hrh OM AL, BF 4L BN JZ 4bBE 45 MBN J5t i 73 4
ER RGN (p=>0.05). + 1 DON Ji /- BB 5 15 MBN 5 40 B8 g oML, F oAb 20
OM b4 CK 43 + 3 DON T 4340 2 300 (p<<0. 05) , 3R 4350 72. 35%F1 57. 61%. 1fi JZ 4b 3
A SF 4b P m AR E CK AL H 43 DON J5i 73 BOmg A 14 0, H ik 3 A4k BRI 22 57 e Ge 4 3 L (p=>0. 05).

& 2 aA, JZ A3 PON 5 4 & CTND H Bl A 38 CK A 31 A9 $2 75 B o 1835 (p <<0.05), H5 i 1
45.95%. OM AbFE#E CK AbFEME 4 T B, (AL IR ] 22 5 TR G022 3 L (p=>0. 05). XfF MBN/TN, # Lt
CK 43, DL SF AR IR A K, H SF A5 JZ Ab 3R E] 22 5 EG i 22 E X (p=>0.05). BRT F 4b3, FHAh
AbFEAR RS CK 3438 DON 2R (TN WA TRk, Ll SF AR, JZ 3 OM 4b B [
JER K, HiX 3 AL FEN 25 5 RS2 L (p=>0. 05).

2.2.2 EXHBAFHFRAEH

TR AL S B R W AR AL, R E R IR R sh A AR, A 3 R, SR A R,
BRASHEA TS IE FHEET SRS, 2022 48 3 H 45 A 31 4 065 A R0 =4 B 8 T 2021 4F 10 A
FEET 6.80% ~57.93%, HrR L BE Ab B iR A K, #2022 4F 3 H R FET 10.88 mg/kg. & 2022 4F 6
A #5403 A A A AU A O T, BEE Sy 2. 72% ~17. 81 % , Mo SF 43 AT BE Ab 3 14 iR
KRR T o B ) HE R R R R, A 2021 4F 10 A #2022 4F 6 HREAMK T 7.03% ~
68.03% , ot SFALFEYE /DT 14. 04 mg/kg. FEIEE K. AL CK ALFE, Pl el R A ¥ W &R m T 1%
B B R ZH 43 Y B AR p<<0. 05) (&l 3), Firb SF Ab 3 A JZ Ab FRAY 25 20 B 25 A T B A B0 v TR
fb kb 3. AH 5 F CK 4b B, JZ kb ¥ SF b 3 + 58 a5 28 25T & o0 8082 & 7 129.91% ~267. 62% M
143.05%~324.66%. #%E 2022 4F 6 1, JZ A B 4 e A A M 4 8 A0 & 2 80 CK b 34y 5l & T
1. 63 f5F1 5. 43 . £ kb 3 8 25 2 BT & 43 BON & B R O - IR K i+ A IE (U2 . A BUIE + e e
(OMD | Hujififb JE (F) . A K+ 4RI (SF) . A% + A0 IE (BF) . ANt IE (CK). Horp JZ Ab B+ 396 8 25 /U
BB X IR T 17. 62 mg/kg. T .

2.3 JLMEBBFI TEEMIMNEEE AR I

1R 3 TR, il FH AN ) e R 7R 0S5 A0 il 9 M B I 2 (p<<0. 05). S X RRAL B (CCKOAH 1, Fir
A AL+ R 2 4 F W (S-CL) L i ALY (S-POD) K 20 It 4 3 Kl (S-NAG) I6 PE ¥ 375, Horp JZ kb3
) S-CL F1 S-POD i P e i » %8 CK AL BR4» 3255 T 134. 72 % /1 96. 27 %, {HiZALHE S-NAG {15 CK &b
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22 B G E 2 L (p=>0.05). HujififLIE (F) AL B 54 HLIE + 1L IE COMD AL R S-NAG 7 P 45 4 i 3%
(p<<0.05), & CK AbFH 4 #2757 190. 63 % F1 75. 59 %.
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AT NG F by F R AN AR R A 5 U
3 MERFAIAETIEYREARESH

[ 20215108
D 2022538

B co256p

[ ] 20215108
2022438
B 2022568

xR3 AEBRFIIT L ERMEEFESRE

WO EE R ST R L (p<<0. 05).

e 2T Y 2 W/ ok S Ak W g i P/ & Tk 2 ik K It 5% 1 /

[mg+ (g d '] [mg-(g+d '] [pmol « (g+ d) ']
CK 10. 83-£0. 93b 51.75+1. 02e 7.580. 44d
F 18.10=+0. 84c 63.93+1. 29d 22.0341.37a
SF 26.2940. 64a 96.2443. 54b 9.8940.41c
OM 13.34+0. 29d 92.62-£2. 43b 13.3141. 10b
BF 13.28=£0. 69d 76.5942.13¢ 12.56+£0.97b
1Z 25.424+1.9 a 101. 574 1. 26a 9. 280. 68cd

s ALK AN

BRIRZERA G FE L (p<<0.05).

2.4 TERASESHEMEXER

WW4%%,MMDEﬁ5i%TNPm1%*F
B B GG SCLRHES HH PON, A B MBS
%AW%EHMG@@%i%TNIMNB@Nﬁiﬁﬁzﬁﬁﬁmf

TORTHTEE R (B 5) W, A e G P 1 1 A 20 43 1 8

%?&’Zﬁ

TECR R EEMRE, 5 MBN &5

i o B A IEA G, 5 MBN it 0 8 5

iR RERIE N T 80. 7600, B —HhAR AR T ALY

44.39% , B _MhRRE T AR B0 36. 37 %, ARG FTAEST A0 3 FRER IS X T HIE R A 0 R W EE &

M (p<<0.05), Hr Ll SNAG 1E X +HER A 352 i ol 1 35, Rk
TP X 38 R A il e 232 43 3 Oy 35. 3 00 I 14. 2%,

ﬂTS?SA,ﬁSPODﬂSLL
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PON

* FR p=<0.05,

3 iS4

3.1 itig
3.1.1 R A L

pH 1A% 4 R85 %R

15 pH (H 2 - E %
L2 2 —, X F 4
FA RN A YR
L5 MAE A KA G H %
Z S ASBIE ST LR R
R T £ pH A, H
rh DA FH T R K s A it A
JRAL R ek 3 (/D). i
45 W 5 Christofoletti 4™
1 Fuess %5 () BF 55 45 S 41
R B H SR AR SR B S
giR—s. RHEEMH, W6k
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EH X IR T 0. 36~0. 975 1 J3 1265 S R 1k 4 s F el VeV RS A= i e, 45 R o, RS -4 pH
B RRAR T 1. 7~2. 3. L5 BRTIER, RS R R A R S B R % pH ERPEH], R ek R ERYE Ry,
A R s T AR S — R A K A ek R A R
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H Yang* 45 H a] 4 307 5 407 it A0 38 00 25 R — 2. 300 50 31 iof 28 478 45 R0 SO0 L {H 4% Ak B 4 0 4 R0 Bk B 92
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R O TR K A K AR R R T A BRI H S R S AR L R B, R s 1 g
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KPR A LS AL AW UK R, i e AR BB A e R AR, W S /R R
B, b fe ks B AR AR, R IR E R KRS IR R, ANEA R A LR
FEAE 3ANFEARLN  AFYWRIN. REREMARBUL. RIS — 3 A AR W, AR
It SRR, TR A SRS SR . AMNEAHLEAE PR B R E A 49. 0% ~53. 0%,
KA . A ) e S A0 R SR A BIL S IO 4 B R AR B A HILIE RN AN RE 3 in = 4G LS T 4 U, iR mT I
AR FR AT BAEY R AMCRI L, i — A IR R0 B, R RO R AR I M E IR AR, Nk
S50 i) 3 6 2 A L A TS R A AL A A T B Ak I i B R e R R B R R T
10. 22 t/hm® 5 AT AET USSR i A0 - 96 M BIF 5 %k 42 i T 2R A B . R R 2R L BTN M I S ok LR &
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