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ERAVEMEE TR TR R R AR S

HSBOH 21 8RO TS s P e AR A D B (1L R EITE K H BR
B, PR RIT MG/RYEE 1500255 2.7 ERME R R AL AP ARSI, bk KA 130102; 3.5 R TR NI K 2% € X H BB 455
WA 5 2 1A 4 IR 4% B VT 48 B A SR 5, SRV WA JRIE 1500255 4. 5B 5T A48 9E X AR 25 22 AW Al 0T P, BB JB T WA R
150025)

T LR FRE I AT SR Bt 1 358, 00 7 Rk R, LA I HLAE A 245 1 56 L (CR), B 93830 4 LA (MO) - 1% 24 5 7 3 40K Fes04(BC—Fe;04NPs)
AR HUEMDAT 1%2E9) 53¢ 530K R T (BC-FeNPs)is JIHE I HLALM2) F it st 3B LR FRo0 B 20 WG S 4l e e AR A0
RN LR TS MO AL M2 b3 T v BRI 2 PR 23.31% (P<0.05).5 MO A LL, e N s Bk HUIE RS In T 2551 R0k 1= 48 B A DB & i SR ik
4.95%.5 MO A LL, it i M2 {2k 45 & A ML (Fe-OC) & & B2 T 66.92%. 55 CKAH Le, A5 HLAIEA - S A e e 25 43 ol 384 262.51%~521.28%
222.99%~311.85%. 15 MO #1116, M2 A3 {8 5 25 S+ LA ORI . b S0 1 SR RV R Ol PR AT P, T il A 25 e LS AN BRI 1) 1 B AN 2 R, a4
R AR TS AT S TR DA T T AR o 8 LR T B T TR o 8 5 R 38R 4y R IR AT OG. KL, 1 %BC-FeNPs HEHII AT HLIE AE
i 8 2 BATG L e T v B e S i HE Fe—OC T UMM Y 25 8 e T BB 2 e 482 o A TR RE = ' E T2 PR, G R T A 2 04T SRl b - 458 57 0.
KR WAL REEETIG TR T RIS R

PEDES: X53,X712,8158.5 XHRFRIRES: A XEHS: 1000-6923(2025)08-4458-12

Effect of iron-rich organic fertilizer on soil organic matter and bacterial community in heavy soda saline-alkali soil. SHAO
Wen-yue'?, YU Rui**, ZHAO Guang-ying'** WU Xia'?, YANG Wen-cong'?, YUAN Ning'?, LIANG Meng-yue'?, LUO Na-na’
(1.College of Geographic Science, Harbin Normal University, Harbin 150025, China; 2.Northeast Institute of Geography and
Agroecology, Chinese Academy of Sciences, Changchun 130102, China; 3.Heilongjiang Province Key Laboratory of Geographical
Environment Monitoring and Spatial Information Service in Cold Regions, Harbin Normal University, Harbin 150025, China;
4.Heilongjiang Province Collaborative Innovation Center of Cold Region Ecological Safety, Harbin 150025, China). China
Environmental Science, 2025,45(8): 4458~4469

Abstract: A heavy soda saline soil was seleeted and rice was cultivated rice by potting method without applying organic fertilizers as
a blank control (CK) to study the effects of application of common organic fertilizer (MO0), 1% biochar loaded nano Fe;0, (BC-Fe;0,
NPs) added composted organic fertilizer (M1) and 1% biochar loaded iron nanoparticles (BC-FeNPs) added composted organic
fertilizer (M2) on the effects of soil physicochemical properties, nutrient effectiveness, enzyme activity and bacterial community
changes. The results showed that the soluble salt content was significantly reduced by 23.31% (P<0.05) in M2treatment compared
with M0. Compared with MO, the application of iron-rich organic fertilizer increased the total organic carbon content of soda saline
soil by 4.95%. Compared with M0, the application of M2 significantly increased the content of Fe-bound organic carbon (Fe-OC) by
66.92%. Compared with CK, organic fertilizers increased soil quick-acting potassium and quick-acting phosphorus contents by
262.51%~521.28% and 222.99%~311.85%, respectively. Compared with M0, M2 treatment significantly increased the activities of
sucrase, catalase and alkaline phosphatase, as well as the abundance and diversity of soil bacterial communities, and the relative
abundance of Aspergillus, Bacteroidetes and Actinobacteria in the soil. The relative abundance of the above bacterial phyla was
positively correlated with the fast-acting nutrient content of saline soil. Therefore, 1% BC-FeNPs composted organic fertilizer can
significantly reduce soil soluble salt content, significantly increase total organic carbon content by promoting Fe-OC formation, and
increase the abundance and diversity of bacterial communities, which is conducive to the fertilization of heavy soda saline soils.

Key words: iron-rich organic fertilizer; iron-bound organic carbon; soil organic matter; soda salinity improvement
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FABCT I T 2R B M X epr s, 2t 5 = R 4T
P X 2 — B A pH A A
AR BIBMR. RO BT = R IR 5
R L T R TEIRAT SR A A HLT S L
Je AR5y, F Rl A7 %5 1R e 1 7 3 K it P
HHUIE.

A7 HURE R AT LAA BRI FH LA b ek« e 4
T PR A s AU p C UK I P T
A B R R P2 i AR R T P 2 A
2SR T DA T R B 1 498 5 LR AN $ Rk
Fabk B R AR A B &, IR rT LR R - pH
{8,389 00 - 39 HUTURIAE 2037 20, T 503 2 1 £

BUIE A 3 A AE o R . A I e A 1 22 55 1) R,
DRI I, Hl) 26 [ e B 2 R R %) L RS AR T M LHE X i e
IFT SRR TR 23 TR ) 1) AR AT D6 B TR AT
AHUIETHEH S T3 a MU R pLL.
BRAEYI R L LE R IR R R IR = A A
B fi 0 2R SR 1, R A% b AL e o W B s e
(1) 75 2O Ak 45 G A WL (Fe-OC), AT 2 25 4 7y
A3 WA AR P 3 3o 41 i s S e st % B,C
A1 Fe 712 i) w5 JEAH OC, JC 1R A2 AR PRI IR B 45 44
WS PTREY), EAAFAERRANER 1) 73 B AR AR T 1
HER 1) (8] 7 T, C-Fe 190 A0 2 IE B2 10 A7 AE IR
M AR L H oo KRR IR Fer
OC J& 2 A WL (TOC) 1) B EE 4 i 43 Fe & LA
BURK RT3, A R T - 458 A HLa (0 K i A7 th
T Fe {EMRPE 3 5 R AR KRR TE SN, T A B
R I RAL G 4, A0 HL % 2 PR A= )4 200k AT A
Wyt Fe (WSO P 159 41, 5 30 5t i FELAE
B MR HLIE S5 A [F] 288 284 i R 38 hn 4 38 vp iy

R Fe & 8. CAT# AW R BLGOR BRI AT LASR A
Py HoANHIT B R 2%, 48 o L 35 A LB Ak
RIS AR o T2 A R IE AR A B B IR AR, L
S BEAC S Rk, 7 R 38 T e T BUR R
L Pk AR e e R A R L E R Aok
Fe MOBLEATHRIAR N HERITTRUR . BV ELT
HI /N 5L A0K Fe R 1 0 2 (L HER 128
BAR A 2k B 2T e e L ok i) St B
B NP DRt A Al A A R G A HUIE Gt b K
Fe MEMRFIREMERE Fe EAHL-TCHUL AP I

FELGE T 6 ik b 38 B g 1) 2 i oA DL 4, 6 Bk
A HUIERE e SRk I ALK & 5 BRVE Ik DL A
TR AR AR AT 4R

DR] 1, A S CAAN Tl A7 ATLRE A 2 1 56 EL(CK) 4
53T Jit 3 A HLAE(MO) L 1% 42 W o 4 38 40 ok
Fe;04(BC-Fe;O4NPs) s Il & A ALUIEMD AT 1%4:
W A7 8 9l K R RL T (BC-FeNPs) 78 I ikl 46 A HLIE
(M2)5%F A gt - S AL PR . BG40 A X R
T 2 REE RIS S5 A0 1R 5 W3 A B kAT LA e
LM IR SR IR LRI T AR

1 MR57AE

1.1 RAEX IS 3

P 1 498 O B A JR 4T SR i, Bl Na,CO; H
NaHCO; 5528 = RAE X 3R 35 MR K2, 8 T il
iy KRBl P 2 UM, P38 2 4.3 °C AR PR R
2 389.5mm,LL 6~8 H N I P8 KL
1923mm. 75§71 £h 5 e b (0~20em) K4 & 95§ 5 5k
Hit3% 150kg. AAAKT 5,0 2mm i IR GG,
TRA7 A5 F . R R AL T LR 1.

1 X HIRERE SR
Table 1 Basic physical and chemical properties of the tested soil

PR 1 1 pH & EC(mS/cm) Al (gke) Ak (g/ke) A%(gke) B R(mg/kg) WM (mg/kg) M (mg/kg)
TR 10.32+0.20 7.26+0.08 33.31+0.58 10.78+1.15 1.83£0.35 43.06+5.23 4.61£0.23 136.25+3.24
1.2 NS I J5e 20, BIF % 5 AR A7 A5 H.

BC-Fe;04NPs il & 77 v MERFREL 12.00g K} i
KK REAMI R 5 7.20g FesO4NPs(20nm), & 5L 100ml
TarK SBEIMNAE W) IR A A b v B 38 5 Jia
Th, i 70°C [RBEFE LT f5,300°C I 3f 40 Gl G701

BC-FeNPs il # /77 #EMFREL 100.00g #ri%4:
YR 150.00g FeCls-6H,0, 8 HL 100ml JG/K £ B
NIRGFE S B HES S 5 - Thy BN 70°CHEAR AL
TP A I JON 800°C Ly 1 (43 7)MEbe 2h,
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KoM R % 45 %

B IS J DR A7 A .

A7 HUIE S ) 5 R 122 2 e o 2 S5 o0 e 1) oK
FEFFF R C/N 25 1 LLBITR 2, 5 U i HE A5 K
KA 65%. AWUEHESIFEE 3 ANREE 7395 MO, TG
BC-Fe;04NPs Al BC-FeNPs #sHI;M1,7 1 1%BC-

Fe;O4NPs;M2, 7% Il 1%BC-FeNPs. 52 ¥ %% & N4
100LPVC ##,70 MAEHEALEE 2. 4. 7. 14, 21, 28
135 RUEAT N TRIHERE .56 50d MENE 45 0 ENEFE
it F AR T SR 5 DR AR FH A R HLIE ) 3 4
PRALE T2 2.

®2 FREBMEHERBUIER

Table 2 Basic physicochemical properties of different organic fertilizers

pusail HHUEFP pH i EC(mS/cm) C(%) N(%) C/N
MO Wl A HLAC 6.85 5.41 36.97 2.77 13.35
Ml 1%BC-Fe;O,NPs 7% I % 6.99 4.77 37.08 2.81 13.20
M2 1%BC-FeNPs 7 il & 6.98 534 36.55 2.31 15.82

1.3 KGR S

2024 4 7 HRHL 5.0kg KT RS S%EHLIE
FEATIRS) BT e /K G AR 4 Rk A,
B E M N B TR K FE S RO 2 6 5 ST
FHALTEAME S 40em, N 42K 38cem, )42 4 36em, = J&
b 60em. #5256 L 4 AN ALEL, 253t i HLIE
MO. M1, M2, L R ASHEAT AT A HUIE ) 2 A5 T CK.

2024 -9 H KFEWOGR G A8 IR (B4
Aem)7E K FEAE IR J FE R AR 74 9 0-20em 348 065K
LG I PR BR A M R AR IS B i LI A T IE
HEREETEA 16S rRNA, IR 4> 200t HAR KT )G
ik 2mm i e e T
1.4 SRR AL TR 1

358 pH R SR BB AR 52 A HOR AR 3%
MUK EE 1:2.5 15 3%3% 30min /5 I & HL 5% (EC)
K SR LUK EE 1:5(m/v) TR A 3R ¥ 30min J&
ME.

KUK (TOC) AL ZL(TN) K HH 7T 3% 73 B A (Vario
MACRO,CHNOS JG#E 73 #T%, % [E Elementar Co.)
W5E AR LR (DOC)M & 12 K L 1:5 A
JE ¥R 4h,6000rpm 5.0 30min, B _FIF G 0.45um
DB, K S AT BILAR 23 14 (TOC-LCPH, H A< &)
D52 i 2 (AN-H) R Bl A — 9 O AC 2 5 e
A (NH, -N) FAS A 2 (NOs -N) I 22 423 2mol/
LKCl & #2 J5, K H % 42 i 3)) 7 #1 I (SKALAR,
SAN-++, fif 2 )l 52 . XL (AP)H 0.5mol/LNaHCO;
FEHL, 2 N0 H G FE TH(UV-2600, H A Byt 2 5
O (AK) ] 1mol/L 2 R i 42 B, K 4 6 J&

(FP6410, ¥ RERhHl .

Wk 254 A WL (Fe—OC) I s 2138 Jii Sz 6 v
FREC 0.500g % T L #F 5 30mL 1 2% ob %
(0.27mol/L ¥R =41 F1 0.11mol/LNaHCO;,pH &
7.3)iRA I E T 80°C/KHT 1 R 0.50g 1% — Wi IR
BNV H,80°C F/K# 15min;Xf i 417EAH [
ZE R LS T ] NaCl AR AT 5 R — 4 A
E VAR R AN P EN 1 33,4000r/min B0 10min ) 5
VW R B RN SmL 2B TUKUER 5 R AR
T o A T S 5 i S 56 A B R A ML
I Z(H M Fe-OC 5.

Bl PR3 R A & AR TR A R A A
S W75 0 . 8 R W I (SC) v A FH A %,
K DNS bt kiile FoME R LA Sg 148 4E 24h Y
7 A TR 2R A 2 e B  AA SE U B (CAT )G T A
PO, R ) e R B (0. 1mol/L.- KMnO,) ¥ 5E , 1
TEIEFRE Sg R RE Y SR R T () 2= £ (24h)
P PR R IR I (A LP)YE 1R B R 2R — A L 0,
PL 24h J5 4338 FPORS J5CHE I 19 0T it (mg) s L g v
JOR I CUE )i 1 SR 28— I SR AN L (03, LA 24h 5
3 NH;-N [ 2 (mg) &,

1.5 IR e

KA FHT i 1A -80°C IR AT, MB35 22 I (YR AR
WAEMRHEAA R AR AEH 514 338F(5°-ACT CCT
ACG GGA GGC AGC AG-3")fll 806R(5’~GGA CTA
CHV GGG TWT CTA AT —3°)%f H38 A= M40 i
16S rRNA FEH [ V3-V4 15748 X 33547 PCR 4714 {f
F Tllumina Novaseq 347 =7 &30 7.

1.6 Kl r
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FIH Excel 2010 il SPSS 27.0 HAFHEA T 44 %
PRAGEHHT M Origin2024 2 fHIFEAR B URAH 6
PSR K] QIIME2(2019.4). R i 5 Al ggplot2 11,
T Alpha ZFEMEFREL R QIIME2 i H]“qiime
taxa barplot” iy %, 2 il 9 B 41 B i A3 AR LR
Canoco5 FAXT 3L PE TR0 e B EVR AT 04
73T (RDA).

2 ZR5WE

2.1 AHUIEXS IR I ) 5 e

ANFEEHUIESS 75T Ehh8 b 3% pH 1. EC Fin
WEPESR SRS SR AN SR 3 B3 R HUIEXT £
b - 398 pH (i (11 5% i 2 535 A8 |83 (P>0.05). 5 CK.
AbFRAH Eb, A7 LA B VA A 1 3 PR A B - 4% pH
1B DRt B2 — 2D PR TR 94T SRt + 3% pH 1A,
TR T R T A AL P it e A ) DA % R /K 45
) PRS2, 5 CK M EE, MO AL BE 3 EC {8 B3
FAAI% 20.73%(P<0.05).M1 Fll M2 Ab# 13 EC {4748
A2 (IR CK ALB- g 5, X T e & B T 2k
PUIE bk B TR {1358 EC i 7Hm™ 5 CK A
FE,MOL M1 M2 ARER -3 m] i i 365 5 0 ) e 5%
P 60.22% 57.84%-+ 69.49% (P<0.05).M0 F1 M1
AR TR - g T M L S AN B 2 (P>0.05). 5 MO AH
b, M2 Ab B AT R 5 8 3 B AIR 23.31%(P<0.05).
X UL BC-FeNPs 13 LA AE S Wl 2 BRAC T 5 9547
ol - S8 Py ) A I AR

*3 AFRELCETIEEMEUIER
Table 3 Basic physicochemical properties of the soil under

different treatments

osiil pH 1 EC(mS/ecm) A% Eh(g/ke)
CK 10.22+0.17a 9.83+0.17b 35.27+0.63a
MO 10.12+0.13a 0.78+0.48a 14.03+0.80b
Ml 10.08+0.06a 1.09+0.04b 14.87+0.21b
M2 10.16+0.14a 1.039+0.18b 10.76+0.14c¢

A SPRIERRE /NG S REROR A R A HUALA I 22 57:(P<0.05).

2.2 AN IR R B

B 1 AR B 7547 gt + 3% TOC.
DOC. Fe-OC % /& Fe-OC/TOC 3% mi.5 CK #
Et,28 MO. M1, M2 Ab# 435 TOC 5 &40 i) 2 5
TN 85.40%- 94.57%- 92.26%(P<0.05).iX 5 §if AWF5Y
2 BLoe A — S HUIEEE T TOC ff R0  B4R

e AT SR IR WL S R A3 B AU
TOC &&= AN B3 (P>0.05).5 CK #HLE,MO
AEFE DOC & 8T 30.40%;M1. M2 43 DOC 75
IR 7.77%- 5.78%.Jiti N & 2k HLAIE 5 DOC
R BRAC,X ] e T SR WIS T ALY
5 DOC KA T ILPtie. fem 7 AU A e P, (Lt
T A HUBRAE 38 v () SR AR A B2, P Ak
M43 DOC & BEAFAE W& 72 7(P>0.05). X R ]
fiE A2 HH T DOC 15 1 K AR AE AR RO J SR, TR b
FALHE DOC 7 3 AR BAR AR W R W 50 vT e 75
BN R AR, LR AR T & A AL X - 458
DOC A2 Ak ()5 i KA S5 AL .

5 CK AEE,MO. M1. M2 AbBE Fe-OC &84y
R E RN 83.91%. 78.83%-. 206.98%(P<0.05),[r]
M2 AbBEEE MO, M1 AbEAFAE 3% 25 57:(P<0.05).
Fe-OC/TOC LU AE 8 iy, 3 B T rh AR 2 1
WUk 5k 4 G 0 RS T P A B Uk B RS e [
FF281 5 MO HEE M2 4bEE Fe-OC & TOC F LR
27.84% B EHTETH A 44.86%(P>0.05),7% ] BC-FeNPs
AHUEEAT R S A Bk aE ), A H) T8 47 158
AR AEFE AR AR S R TT RESE .

B AR 13 Fe-OC & & MW 7TR I, BRI
139 pH {H 2 (SRR I 3 ML (E -
SR S AF N AR WA DGR I . Zhang 5P 5T &I,
A0 T i N B85 O LB 45 A A& A HLBK
(MAOC) ¥ & . AT 5 HE 0 it fn s 2k A HLIE )5
Fe-OC & T m i nl st (1) & 2 WL Re g 1
Ik et R, A R T kAL 5 3 L
A FAE FHBY T B MAOC;(2) 15 1] g 2 B 2k HLAE
HEF L B g KBRS A B 2B BT AR E 1
Fe—OC, i N F & 9547 Eh gt + 38 5 A HUIE 1) Fe-
OC 7 fifgetg. ~ — 2 HATHEAH FTIR. STXM-
NEXAFS ZEHARIRANIRIT Fe-OC MO &5 H Rk
A B, AW Fe-OC 25 T i (1) HAA Jit A

F 4 R T g IEAE KO ) B R bR R

TR A PUEENAESE T 13 TN &2 (5T
AR TN &2 128 A8 53 (P>0.05).3X 1] BE A2
T HUHEA G 5 R RAR T 13 TN S 252 m i/,
5 CK #HEEMO. M1, M2 A3 AH-N 55257+
T 51.25% 18.92%. 5.83%,3X Ut I HLAE AE4M 78 7
T Ehfg 3 b A 20 NH, N fl NO; -N {E 4
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R AR 2 BEAUR S, FLIR B B AN AR mT LA R
e IR g (AR A AP 5 CK A MO. M.

M2 AbEE NH, N 7585050 % N B 29.96%

49.91%- 58.99%(P<0.05),R] BES2& HH T~ 70 FT Ehii - 1
pH {EHH &L NH, N #4620 NH; #£&.5 CK #
Fb,MO. M1, M2 AbFE NOs -N &2 5 B2 T
371.07%-. 65.29%+ 256.20%, A6 HUIE 2 7] 2 53
B3 (P<0.05). 21 [H 25 NP5 ke B, 24 13 4
J& BAFREU AR T, NO; -N 5 b T 3EAE )i Fa 5k

b T 88 0, - 5 R A P B AT DL B e

NO; -N .5 CK MHE,M0. M1, M2 43 AP &
B R FE T 286.49%. 311.85%. 222.99%, H.
M2 5 MO, M1 &ERAFAE 23 75 5 (P<0.05). 75 Ab 3
AK i CK 70l W 35 TH Ry 521.28%- 348.29%-

262.51%, H =i b B 8] 47 £ 12 3% 22 57(P<0.05). & 2k
A HUIETE Z0ZE 7 1 ) $8 TR 8 2 A HL T s 22,
AT RE A T8 B A MU IR 2 B RO 18, IR i ' kA
HUIE R 2 55 HoAt 25 A IR 2 Y. 38 22 il P2 4
FUARZR B AL A AR, B8 2 P/ AH-N,

AP FIl AK &5, 0 5l s 42.3%. 176.6%F1 93.5%.

25 8
(a) (b)
) 2 2
20 p
a
_ - }
1)
Z1s % a
lﬂﬁ ] 4 T ]
gﬂ IIJ 45 T l T
10
2 g
2
5
0 CK Mo M1 M2 0 CK MO M M2
12 0.6
© a @ i
’ |
o 0.4
< Q
2 S| b
6 b b S} b
u I I Q I T
< = L
= 0.2
C
3 I
0 0.0 . . : :
CK MO M1 M2 CK MO M1 M2
K1 AFE4EPE L3 TOC(a). DOC(b). Fe-OC & % (c) S Fe-OC/TOC(d)
Fig.1 TOC(a), DOC(b), Fe-OC content(c), Fe-~OC/TOC ratio(d)under different treatments
NG JEC TR IRAN A DR I 2 57:(P<0.05)
F4 ARCEWAITEEME TIER S BRI
Table 4 Effects of different treatments on the availability of soil nutrients in saline—alkali land
posi! 2 %R(g/ke) AR 2 (mg/kg) Hi A A (mg/kg) AR (mg/kg) AU W (mg/kg) AU (mg/kg)
CK 1.76+0.22a 43.06+5.23b 39.89+1.34a 2.42+0.07¢ 4.22+0.61c 130.45+2.11d
MO 2.33+0.16a 65.13+£10.52a 27.94+2.12b 11.40+0.77a 16.31+1.46a 810.46+44.21a
M1 2.224+0.25a 51.21+7.98a 19.98+4.14¢ 4.00+£0.57¢ 17.38+1.02a 584.80+15.66b
M2 2.18+0.11a 45.57+£3.47b 16.36+0.59¢ 8.62+1.54b 13.63+0.58b 472.89£16.91¢

NEFESLFRER IR A HUIE A I 22 57 (P<0.05).

2.3 ATHUILHE I 54T SR Bt -+ S (1 52 Wi

SC 2 = 82 AL B 2 ML Jg 7K - 1 B 2 45
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bR, CAT fie Je ik 3% (1) 580 iE Ji it J).SC 5 CAT
P AR ¥y s vy A 5P CR M B M,
M2 Ab# SC iEM L E S 68.42%. 167.67%
(P<0.05), H. M1, M2 kP 5 MO 4bBEAH Eb A7 7 5
#2557 (K 22).5 CK M EE M1, M2 AbHE CAT %
Vi 2 P 5.47%14.25%(P<0.05),MO0 4b ¥ CAT
TP N B3 (P>0.05),M 1. M2 AL PE 5 MO 4b
HEAH LE A7 AE 25 2 (B 2b). 3K U B i N i Bk
HUIRRESS G 23 T SC 5 CAT w4k, Hjtiin BC-
FeNPs 20 A 51 b 35, T £ T+ 5 B 95 41 2R i b +-
.

ALP JEMEALES 2 —, B3 h MU L S 1

WAL 2 ALP I EAG/ER]. S CK AHEE M2 Ab B
ALP 51 S EHETF 77.41%(P<0.05),M0 Ab¥E ALP
TS R AN MO AR EE ] ALP YEYE(E 2¢).
XYL N BC-FeNPs nJ LAHE T 55 5 7547 £h s+
ALP &k, 59 0wl AR A7 SR FH ) e Lk 2 e, 32
o R 2R A R UE i 3k e ek Wi 584 1)
IK AR Bt , A P DR /N AT DL bl R 3R IR e A e ) At
AR AL ). 5 CK A, MO0, M1 A3 UE #5128 1k
AN 2 M2 AL FE UE 3P 2 35 PRI 22.02% (P<0.05)
(K 2d). & 2 HUIESNH UE 35 ME ] BE IR A2 A HL
JIE Bt 7 R A A5 A T R RS 3 0 F A BTk
J3E DA T 4T £ R il 21,

4.5 800
(a) (b)
a
3.6 T a
! 3
— > b
= £640 . .
227 E —I— :
= b £
£ I b
:;;g 18 c c ‘,?,'_EE T
2 I S 160
0.9
0.0 . . . : 0 . . . .
CK MO M1 M2 CK Mo Ml M2
60
160f (o a (d) a
l ab
| [
E‘o _‘45 ], be ¢
2120 % ]
= z
= = +
E b b 2
R b &
4 I “E*E
o g
b 40 15
0 . . . . 0 . . . .
CK MO M1 M2 CK M0 M1 M2
B2 AFEACET IR RS () A ENEEPE(b) TR IS PE(c) . IRBEE T (d)

Fig.2 Soil sucrase activity (a), catalase activity (b), alkaline phosphatase activity (c), urease activity (d) under different treatments
INE I SCTFRER R AN AT HUIEES D) 22 57:(P<0.05)

2.4 IEEEEE S A R 0GR

B 3 4 SRR S R . R
ROME B AR M3 A 45 R pH A 5 AP & 2 W 2% 1
AHIE(P<0.05), ]t #h % 5 5 13 TOC. Fe-OC.
TN. AP. AK 25 5 3 4R 56 (P<0.05).3% it 1 95
FrEbmh L3 pH (A SR TR B

T HIE IR AN Fe 5 C HORESAE AT LA
HE Fe-OC JE PO A5 h TOC 5 Fe-OC & 1 3%
M (R*=0.67,P<0.05),%& W] Fe-OC & &t
R B b+ 3 TOC & B39 N i) 5 27 [K.SC. CAT.
ALP G55 + 3 Fe-OC & & 5 &% EAH %
(P<0.05),UE ¥if ¥k 15 124 NH, N & i 5 2 3% (EAH
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K (P<0.05).3X vt B -3l vE PE 5 3SR R il % BEH T T UE. CAT F1 ALP 35, 5 AW 9T 45
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