LI F3R ( Jiangsu J.of Agr.Sci.) ,2025,41(10) ;:1954-1961

1954 http: //jsnyxb.jaasac.cn

X2 BRE 2 ELOER S A TR R X 4T 358 1 3 s M AL A AL & 2 A BT YRR SEm [T ], YL
Al 2F3% ,2025,41(10) £ 1954-1961.
doi ;: 10.3969/].issn. 1000-4440.2025.10.009

mAEHBERSB RN TERE T EFEFVR,
BlRSENEXEEENRIT

Ao, HAZY, e, RuRY, 5 R
(1. Hp EBFEBE T P A AR SHFFERT, I KD 410125; 2 48RRI RF IR FBE, & T 510642; 3.+ EBLE
Bk TR AR A= 23R 00l WIS 415700)

FEE. DRI S T, S B i T 2 B B AR B S A7, 5 A - S R RS I A 7R T
ATFFE I FELE 17 0K Ao HH (B 5 BRI A AT Dsite e & % 30 T %k = 498006 A ML A L0 & 2 B AH
KRG PER S , LAOLAL LTSRS B A FTRR et L S m . AR SR i B 3 A0 38 AN S ( CK) it P e 2 A B 41 1L AT
AEFE(NPK) sl e FH A I + RS FHIA FHAL B (OF ) o 4522310, 5 CK Al NPK AZbFEAH LG, OF A3 Wt 25 42 2 21 3845 H
TR R A E LA S E MM R A SR (P<0.05) , LHE B AP EE(BG) F1 N-L 8-
D-F I BT (NAG) TE R 1) SR R I OF 4bFE>NPK AbHE>CK, + 3 YA i vk i
A THHEANE SRS BC iHHE NAG T4 2 (8] 14 2 I 2 sl 8 3 B ARG, 45 b i EE 17 48 St Ak N0 s ite - Fic
ARG IS PSR ACPR T 2T R H - T MR ML WA & &, B55R BG AN NAG BT HE , SR I 42 R 5
Jtet ol et A T+ 5 T 30 P B T AT 1R T - Mo i X B A A 0 5 48, I3 5 1 b RO 4 A i, () B2 42
T AR A I B

KR AN, FEFFEH FIEMEE DL TDAETEA DA MUY R MR RA; T
fifg 176

FESES. S154;S158 XERARIZAED . A XEHS: 1000-4440(2025)10-1954-08

Effects of straw incorporation as a partial substitute for chemical

fertilizers on labile organic carbon, organic nitrogen content, and relevant
enzyme activities in red paddy soils

LIU Rong"?, CHEN Chunlan'’, FU Xingan', QIN Hongling'’, FANG Cheng'”’

( L. Institute of Subtropical Agriculture, Chinese Academy of Sciences, Changsha 410125, China; 2.The College of Natural Resources and Environment,
South China Agricultural University , Guangzhou 510642, China; 3. Taoyuan Agro-Ecology Research Station, Chinese Academy of Sciences, Changde
415700, China)

75 B #9:2025-02-12 Abstract: Long-term application of large amounts
E ST E R R U 75 5 T (2021FY100504) ; [ 5 4 4 R 5 of chemical fertilizers in red paddy soils inhibits microbial
SLIAFSE 46 ( CNERN ) 151 i Bk VB AR A 75 2R 45 [ R B 4 activity, disrupts carbon and nitrogen cycling, and ulti-
Bl UM AF ST 35 32 17 iR 45 551 H 5 h AR A R G0 oE N 4% mately compromises soil health and paddy field productivi-
( CERN) Mk ¥4 b 4= iR e v 12 175 H ty. To optimize the sustainable fertilization strategies for
EERIAT 0 2%(2002-) , Z0, WAL T A B L OF T A M red paddy soils, this study explored the effects of chemical
MHZE AR FEH AR, (E-mail ) /020109 @ stu. scau. fertilizer reduction combined with straw returning on soil
edu.cn labile organic carbon, organic nitrogen content, and rele-

BIEE . J7 K, (E-mail) fangcheng@ isa.ac.cn vant enzyme activities based on the long-term field experi-
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ment for 17 consecutive years. We set up three treatments: no fertilizer (CK) , high-rate nitrogen, phosphorus and potassi-
um fertilizer (NPK) and reduced chemical fertilizer combined with straw incorporation ( OF). The results showed that com-
pared with CK and NPK treatment, OF treatment significantly increased the content of microbial biomass carbon, soluble
organic nitrogen and microbial biomass nitrogen in red paddy soils ( P<0.05). The overall trend of soil B-glucosidase ( BG)
and N-acetyl-B-D-glucosaminidase ( NAG) activities was OF treatment>NPK treatment>CK. Soil microbial biomass carbon,
microbial biomass nitrogen, and soluble organic nitrogen (SON) content all exhibited significant or highly significant posi-
tive correlations with BG and NAG activities. Based on the above findings, the 17-year continuous practice of reducing
chemical fertilizer combined with straw incorporation comprehensively enhanced soil labile organic carbon and organic nitro-
gen content, increased BG and NAG activities, and thereby improved soil fertility and quality in red paddy soils. Reduced
chemical fertilizer application combined with straw incorporation is a superior management strategy for enhancing soil quality

in red paddy soils, which also indirectly improves the agricultural ecological enviroment through optimized nitrogen, phos-

phorus and potassium fertilizer formulation.
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Table 1 The application rates of chemical fertilizers and straw in-

corporation under different fertilization treatments

gy FRGATE URNGHE WRME AN
(kg/hm?)  (kg/hm?)  (kg/bm?)  (kg/hm?)

CK 0 0 0 0

NPK 348.9 108.8 305.1 0

OF 221.4 70.3 99.2 5702.0
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B AR Olsen AN 2 HIERUAE YA
wik IR AR A SRR AT R R R
W5E s AP PEA MLA S SR 78 TR IR IR IR 4
Ao SRS ENZEE, P 2R S 5 R
ST [CYRINE ; T3 BG F NAG 3% PR35 R A 96
FLEE AR DAL e =2
1.4 HIRAMESSH

F FH Microsoft Office Excel 2016 :&'?:I@HE%%IE,
KM Origin 2021 #EAT1ER, I SPSS 26 #1748t 1
B, >R Duncan’ s 3172 5 L5,  Pearson
KERBOE FEAT A I 70 B, 18 326 vh 0 ds 1 O - 3
(EE2uRliE=

2 R

2.1 AEEELENTIEBAERRKR . TRSEN
=21

2.1.1 FEAMELES IIEZBFHHh K]
/R, 5 CK A H, NPK A FEAT OF 4b B4 B 25 3w
T IR BT (SOM) 7 & (P<0.05) ,{H OF £h3H
FINPK b B Z BT %25 5% . 5 CK AHLL, NPK 4b
FEAN OF Kb 3 Y - AR & 5 B0 10 2 AR 1k
AR & B EHR S (P<0.05) , H NPK Ab 3 g 2
BT OF 4bBH(P<0.05)

2.1.2 KR sEAE A 22 f 3 & MR 4 4 0 % v
ANt R Ak B 1) = 3806 M e 2 4 38 kAR T — AR



X AR ST TR P MO o £ S T b S VAT WL AT LR A e OAF SR 1 A S

1957

k. 2 5%, 5 CK Ml NPK 4bFEAT OF b3 1y
AR S A B &AL, 5 NPK A BEAH
He , OF AT - R 6P AT DL i 53 3591 (P
0.05) SIS 1.2 fir. BAHIA DR 5 AT AT

MLER & 2B AN TR], 5 CK A NPK 4R BAH E , OF
A PR A A W e R i S B (P<0.05) L 43
M4 CK 1 NPK ZbFRA 2. 1 f5F0 1.9 1%,

40+ 90 90
A a B C
_ 35f a ED 80+ ?‘ E 80+ ?
< 30r b » 707 % 0 @ 1 2
2 o £ 60F £ 60F [T
b I 50+ b I 50-
4o 20 s 40k ! Q0 40t
B 15k L N L
= § 30 < %0
T 101 %@ 20+ @ 20+
sk 10F 10F
0 0 0
CK NKP OF CK NKP OF CK NKP OF
Qb3 Qb¥E AbF

CK: ANHEAE , %3 B8 s NPK . it o it R B B AL ; OF « 3ol b e AL AE + A5 AT FH . [ PO R) /NG 7 3R S [RI AR B ) 22 53 122 (P<0. 05)
B 1 FREERSER - EE RS R AR

Fig.1 Effects of different fertilization treatments on soil available nutrients and organic matter
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Fig.2 Changes of soil active carbon components under different fertilization treatments
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Table 2 Changes of inorganic nitrogen and active nitrogen compo-

nents under different fertilization treatments

wpg HAME WA L R A
B k) kg (myke)
CK 4.47+0.35¢ 0.097+0.015b 2.18+0.14¢  57.57+1.67b
NPK  7.74+0.73b 0.156+0.006a 6.45+0.09b  63.93+4.30b
OF  10.05+0.34a 0.183+0.009a 9.39+0.25a  99.43+7.43a

CK AR , % 18 s NPK it o5 e B B0 AR AL ; OF : oAt FH AL HE + 75
FREH . [FIFVEE 5 A A /NE 58k 7R A [] 4k B H] 22 53 . 3 (P<
0.05),
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Fig.3 Effects of different fertilization treatments on the activities of S-glucosidase ( BG) and N-acetyl3-D-glucosaminidase ( NAG) in soil

2.3 TEBAER CEBETE REYEYER
SEREYEMERSEZ BMNEXES

X6 A [ i FIEL A B %) - 33 T A 48 A -5 A O iR e
SEFEATAHOCHE T, 452 (3R 3) R W] BUE Y AR Y
e 2 i 55 AT A DLAL S it 2 ) S A e 3 A OG (P<
0.01), SEERAETE MARSEZME B EMHKC
(P<0.05) ;AW EY A SESR G 1T
EYEA LA & R 2 ) 2 W E A2 (P<0.05) , HHE
BG 1SS SR & TR ILA & = MY
AR R YA A S RN R R IE
X (P<0.05) ; NAG E S TTE A PLA & &
AEYE R RS R R e i (A
W E FAE (P<0.01) , 5SS A S BEAS
AR B IEASE(P<0.05) . FiRgE R 2
LRGN BG 52 13 R S A fr it i A L
R MUEMAEY RS &AM EY AT
HWINE MK, S 5FIEAN NAG 5 L3 THLA
(SR MER) TR XRBEY, Bh 2 LD
AR R

3 9F i

ABIFFERT LT e AT AT Ak 2 (i P Ak HE +
REAT A F) e FH v fa Ul 10 A B A P AN TG A (6F
M) o - A R B R AR, A ST A5 R

FEUR it P s e U B T A A B i A A +
FEFFIA HH A PR AT 4 v+ A 0 % &=, Fk it
FHACAE +F5FT 14 H AL BRAE 32 TF TCAL A & 507 1 sk
it ) e R A L B A B AS R BE y W Ul
FHACRE+F5 FF 38 H AL 3 %) 3805 YRR 06 PE A &
Fon Tt R R T AL AR AR B 55 X B L v
Jite FH AL B + 65 AT 34 H AL B 52 2542 55 T BG FN NAG 1)
T

5556 BER BL , Ve it FH A TS + s FF 3 FH Ak &
ERE T PR AS &, - S S
EREA O, 5 — 7 RS AR 1) - e BT K 2 i
AWRTCER 0 B IERUE D R A K B A5
T A, S T IR R E e,
2R S S AR AR SEIIF AT A 1 R FR A H AT B +
A RIS 4580 Y SR S o R R ki
TSR T, O R AR T
e B 5 R E SR 0T, 5w T AR oK
D13 TE T BTy AWESEEE S B A AT
0 9 P B R A B R FE AR ST R
it FH AR IE + R T T Ak 35 0 A 50w & A0 i A%
Tt P g U A T A A 3L 5 B AR AT I e I s 3k
FISMEBEAC AR . A BF T 45 S IR, Bl it FH A
FEREN N+ 8 b i B DS 20 R B (0 5 R B A
JO7 AR AR LE | SRR AR AV PR B

O OF

4|
f
i



X AR ST TR P MO o £ S T b S VAT WL AT LR A e OAF SR 1 A S

1959

£3 TEBEEAMEVEYNERSE RAEMEVERSES T HEMERZENEXRY

Table 3 Correlation coefficients between soil enzyme activities, microbial biomass carbon content, microbial biomass nitrogen content and soil

physical and chemical properties

LBV
Fibn HOUR WA AR WA WAL TREE TR oo v BUEDEN) OCEDZED)
Frak GE G s e PSR PASE " RS EASE

AL A 1.000
B 0.367 1.000
AR 0.820*  0.322 1.000
ESAE A& 0.911*  0.109 0.771*  1.000
ARG 0.929*  0.037 0.746*  0.921™  1.000
ATEMEAPRE R 0.100  -0.243 0.555 0.147 0.277 1.000
AEPEAELA SR 0945 0.128 0.893™ 0.931™ 0.977* 0.359 1.000
BG 0.701  0.163  0.422  0.690  0.748* 0.327  0.790*  1.000
NAG &1 0.772* 0.168  0.375  0.771* 0.815* 0.555  0.893™ 0.906™ 1.000
A YRS 0.696  0.041 0.239  0.752*  0.758* 0.650  0.853** 0.759*  0.955*  1.000
A EASE 0652 0.059 0.201 0.691 0.718* 0.680  0.817* 0.771°  0.959™  0.994* 1.000
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