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Abstract: [ Objectives ] In order to reveal the influence of different organic fertilizer sources on the stability of
soil microbial carbon, nitrogen and phosphorus content, soil extracellular enzyme activity and stoichiometric ratio
of soil microbial biomass under the combination of fertilizer and different organic materials were studied by long-
term positioning experiment of fertilizer. [ Methods ] The study was based on a long-term field experiment
located in the Agricultural Technology Center of Ningxiang City (since 1986). Five fertilization treatments were
selected including no fertilizer (CK), chemical fertilizer (NPK), 30% pig manure organic fertilizer replaces
fertilizer nitrogen (30%0OM), 60% pig manure organic fertilizer replaces fertilizer nitrogen (60%OM) and
chemical fertilizer with rice straw (NPKS), the planting system is three crops per year, early rice-late rice-barley
rotation. Soil samples (0—20 cm) were collected at the mature stage of late rice in September 2022. Soil organic
carbon (SOC), total nitrogen (TN), total phosphorus (TP) contents, microbial biomass carbon, nitrogen,
phosphorus (MBC, MBN, MBP) contents, and B-glucosidase (BG), B-N-acetylglucosaminidase (NAG) and acid
phosphatase (ACP) activities were determined, and the stoichiometric ratio was calculated. [ Results ] Long-
term fertilization significantly increased SOC, TN and TP contents in soil, and 60%OM treatment had the highest
increases (P<0.05). The increase of 30%0OM was also significantly higher than that of NPK treatment, while the
increase of TN in NPKS treatment was similar to that in NPK treatment. There was no significant difference in
soil C/N among the three combined treatments, while the C/P and N/P of NPKS treatment were significantly
higher than those of 60%0OM and 30%OM treatment. There was no significant difference in MBC content among
the three organic and inorganic treatments, which was significantly higher than that of NPK treatment. The content
of MBN and MBP in 60%O0OM treatment was the highest, significantly higher than that in other treatments,
followed by 30%OM. Meanwhile, the MBN content in the NPKS treatment was higher than that in the NPK
treatment, whereas the MBP content was equivalent to that in the NPK treatment. Therefore, the MBC/MBN and
MBC/MBP in NPKS treatment were significantly higher than that in both pig manure treatments, and lower than
that in NPK treatment. Compared with CK, NPK treatment only increased BG activity, while organic and
inorganic application increased fG, NAG and ACP activities in soil. The PG/NAG and BG/ACP in soil treated
with 30%O0M were significantly higher than those treated with NPK, while those treated with 60%OM were
significantly lower than those treated with NPK. Correlation analysis showed that soil microbial biomass and its
stoichiometry as well as BG and ACP enzyme activities were positively correlated with soil carbon, nitrogen and
phosphorus content and their stoichiometry. Further redundancy analysis showed that soil TP content and N/P
were the key factors affecting soil microbial biomass and its stoichiometric changes. [ Conclusions ] Long-term
combined application of chemical fertilizer and organic fertilizer effectively increased the contents of organic
carbon, total nitrogen and total phosphorus in paddy soil, and increased microbial biomass and extracellular
enzyme activity. In particular, 60% pig manure instead of fertilizer nitrogen had the most significant effect on
increasing soil carbon, nitrogen and phosphorus contents, and further increased the contents and ratio of carbon,
nitrogen and phosphorus in microbial biomass, but decreased the extracellular enzyme stoichiometric ratio. And
maintain a low extracellular enzyme stoichiometric balance. Therefore, the combined application of pig manure
and NPK can maintain a relatively stable accumulation by increasing the input of organic carbon, nitrogen and
phosphorus in soil, thus improving soil fertility and having a high ability to adapt to environmental changes. The
combined application of nitrogen, phosphorus and potassium with straw may limit soil phosphorus and reduce the
supply capacity of soil nutrients.

Key words: long-term experiment; subtropical paddy field; soil nutrient; microbial biomass; soil enzyme

activities; elemental stoichiometry

TRV S AU AL OGRS W E R DS R . A BRI G Al
#, HEGUEY YRR R AR ISR W, aPARERTHEY R s LR +
OIACME A SR A R SR R e LR SERUE A R AR R L, R



24 ZE, A R AC A R LA AR A S ) P it AR A 5 307

YRI5 A 2 75 97 40 5 R ISR A0 A v Z TR Y
A W ER AL 25 0 S A W A B R R —
P F W A S GCAE W R 5 ) L s - L L e e
AR P A W il EE T RAE I TC ML R
JRUIS: 358 R0 T 00 JTC LA e A A A AL Y e, i
BT Y A U H R 2 W 4 R 4y BR A 4R
FHUO A SR W) 43U 1 B A R A B T R 1 O
BB AL, o, BRI EE (BG). B-N-&
Mk LA A M (NAG) . TRTEBEIREE (ACP) 4371
SEAEAL R . A BRI A R TR, X
3 i A N 5 e 1 L AE T U s IR 5 0
Bl 51 2 e U S S A ) e n 47 A L L
Yo . BLARER S M AR . L. WSRO T G
R, MFHRAHAOR SN 1R . A, BRI
AW ERIEAHLE], A AR T R IENE R T B
A HEEE L,

FRNETE F 88 LR B & AN R Lk (RS FF . 2%
) i T A 5% i 5 LU B AEAE 22 5, DIl
RERCE R IUE ) 2 (R 3% 00 A, s i A
R R A 52 00 S e LA S e AR TG 1, B
M 3R . AL BECE AR, B KEFE R
TARAE . A HUAE LK P AN TR B it FH 7 20 4
A HEAE R se e, 23R WA AILIE (i P o 2 8 vy
TR B FEOTEULMAY AR, W
AR - R R TE R R R AN e, £
Herpik . A, BEOTRMASREA . SRk
HEAH L, A ARG G K 41 P, 3efsd
Y-SR RS RO E 4. HAT, Ak
R LA Y0 R o 57 AN T A X 7/ B L 7 A DS T e
T Fe AR AR B RABASRG, A RRRARS

IR BRI ALIE 58 WL ARG T 1 50
A HE ) 5 T A B Ak 2 T R RRAE A B
KR, ABFAKIEN TR A T i Rg H
B RE 7RI, 43T AS TR AR A B R 4 Sk W A=
TR ANEE TG P22 5, T A W KM A T
PRI HH 0 A0 I8 Bt A AL Ak B i o7 R AIE 4
7 A TR] it BB e ot A P = 49800 . . BRER LA Y
BRAGSAHRFAE R SZ MR, DU A DX F 4 B 55 40 45
A H G YR I TSR] FH B R A

1 RS IE

L1 R AR
KIE AR A T B T 2 AR bl (28°

07'N, 112°18'E), H4T 1986 4F, % [X A HL I f) XL
ZRE X, R T PO R R R, TR
36.1 m, 4EHIE 16.8°C, FEHFEKE 1553.7 mm,
AR A 1353.9 mm, FWAETCHRI 274 K. B3R
TR KRG o i BEAE 1986—1992 4[] Sk Fei— i
B nY, 1993 RS NR-F-KEZ . BTG HT
0—20 cm #F )2 L HEH MUK (SOC). 2% (TN) ek
(TP) & &4 % 4 17.05, 2.01 fi10.59 g/kg, +iE
pH{EH 6.85,
1.2 Rt

ARWFFTIEEL 5 A MEACALBE . AHEAEAT AR (CK);
R B ALIESE#iE H (NPK); DL 30%., 60% §3%
HHUAEA L AEALFE H 30% F1 60% FIEE (30%0M .
60%0M); KRR G FEFF e miA H, LIEE A=
B A FF A B A& (NPKS). HREFSFF N, PO,
K,O (& 54 0.65% ., 0.13% 1 0.89%, HEAEH:
FFN. P,Os. K,O W& &S5 0.68% . 0.15% Fi
0.91%, BHFEFN, P,0,. KO H&INHN 1.77%.
0.83%. 1.12%. A[AIFEALALBEZA . B . A0 A0t A i
e 1 prR, AN A B R R, B O A
B, B RAAE . /MR 66.7 m? (10.00 m
x6.67 m), /NXZEILIKIEIE HEZR 100 cm, & H
Ifil 35 cm) FAFF, DLkl a HERVE . &b
BEAE . FEFFRUCA ALIE VR L — PR A, A
B AR EENE FAB AL 3 PR (BB 7 £ 3). H
[ B i 422 24 b~ 507 20tk AT
1.3 TEMMRE

T 2022 4F 9 WA A TE A it N A B /N DX B
HLIEHL 5~ 10 RFE A, e “S” RUM 2 F + 4l R 2k
BEZ (0—20 cm) HHERESY, FUAMRATE TAEAEA K
Erbal I A o SR AR BT E AR 25 AT UL S AR
WA . A0RSE, e RSy, — it 2 mm S
T 4C VKA I ARAT , T T 3R o A o G
TEPERII A, 5 —F 5 28 B RS 43 Wt I i
2. 1 F10.149 mm FLEE R R e, T 3 HLAK |
R AR I A
14 NEERS A E

T A PR (SOC) & 1R F 5 4% IR #i A AL B 2
KT B I EDY; A (TN) FI4s#E (TP) &40
SR PV A T T 7 30 TR T — S T — ey SRR T ik 1 42
B, JERAESR S AT (AA3 RIS, AR S E A
A, ) IE

TIEFHEY EY R . A (MBC. MBN) &k



308 oY E I 5 LR 2R 314
#1 TREMELEEHIRRERE (kg/hm®)
Table 1 Annual fertilizer application amounts of different fertilization treatments
Qb3 Treatment YE4) Crop N P,0, K,0 ¥ 3% Pig manure IKFEFEFT Rice straw
NPK L7 Early rice 142.5 54.0 63.0 0 0
Wik Late rice 157.5 432 81.0 0 0
KF# Barley 157.5 432 81.0 0 0
30%0M FLF Early rice 96.0 322 33.6 2625 0
MifE Late rice 110.2 21.0 51.1 2670 0
K Barley 110.2 21.0 51.1 2670 0
60%0M F#5 Early rice 49.6 10.4 42 5250 0
Wik Late rice 63.0 9.7 32 5340 0
KF Barley 63.0 9.7 32 5340 0
NPKS FLF Early rice 124.5 50.4 383 0 2775
iR Late rice 133.0 37.8 482 0 3600
K Barley 133.0 37.8 482 0 3600

W NPKOMA. B, APPATAL; 30%O0OMAI60%0OMAY 31 H30%F160%5% 26 A HLAL UL AR A ; NPKS /KRG AT Hid I H A R AR L

HNERANE

Note: NPK represents balanced application of nitrogen, phosphorus and potassium fertilizer; 30%OM and 60%OM represent pig manure replacing

30% and 60% chemical N fertilizer; NPKS represents rice straw return and the insufficient N amount is supplemented with chemical N fertilizer.

FHEAT F75—0.5 mol/L K,SO, iz 42, FH APk
JPHHY (TOC-V %41 CPH/CPN RIS, B w], HAR)
Mg, DAEE 28R B 2% - AR IO 2 e . A2
(BB ARG 2250 0.45, 1115 H 13 MBC Fl MBN
i, TIEMCEY Y R (MBP) SR EA EE-
0.5 mol/L NaHCO, 1242, % £ s 53 Hr {3 E .

M B-A AT (BG) . B-N- £ M 22 Jk i 4 b
T (NAG) FIRR MWL (ACP) 16 PR H] 96 T LI
FRAR G ATk, R 2 DI BE R 11X (Scientific
Fluoroskan Ascent FL, Thermo) 7E{# & 365 nm .
KETE R 450 nm B4 FINE -

1.5 HIEAIBS%iT 5

TIEME Y AR Rk . AL B E S i A
MBC/MBN/MBP #1585 186 . Al BEAHOCH =
He A3t BG/NAG/ACP 45, TR . &, Bl
43R SOC/TN/TP 44,

S H Microsoft Excel 2021 1 SPSS 26.0 &b Fi %k 4z
MG, F Origin 2022 228 . B 12 55 A
55 J5 SR LR 2 07 229381 (One-way ANOVA) Fldgz /s
N 2 S (LSD) AT b H ] ) 22 S0 40 B (P<0.05
NZEF B ), KA Pearson KP4 Fl Canoco
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TP A 2E T R AR X 4 SR W A i B R
TR

2 R0
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Fig. 1 The contents and stoichiometric ratios of soil organic carbon (SOC), total nitrogen (TN) and phosphorus (TP)
under different fertilization treatments
TE: CK WAL ; NPK &l B, HIFHiENE; 30%0M 1 60%0M 43514 30% Hl 60% M A HUEEUILAL&l; NPKS KK RERSFF 4
HHd M HA R R ML EA T, EARR/ING FRER R AL LR 22 5 .3 (P<0.05).
Note: CK represents no fertilizer control; NPK represents balanced application of nitrogen, phosphorus and potassium fertilizer; 30%OM and 60%O0M
represent replacing 30% and 60% chemical fertilizer N with pig manure; NPKS represents rice straw return and the straw N is deducted from

chemical fertilizer N. Different lowercase letters above the bars indicate significant difference among treatments (£<0.05).
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Fig. 2 The contents and stoichiometric ratios of soil microbial biomass carbon (MBC), nitrogen (MBN)
and phosphorus (MBP) under different fertilization treatments

TE: CK WAL ; NPK &l B, HIFHiENE; 30%0M 1 60%0M 43514 30% Hl 60% M A HUEEUILAL&l; NPKS KK RERSFF 4
HHd M HA R R ML EA T, EARR/ING FRER R AL LR 22 5 .3 (P<0.05).
Note: CK represents no fertilizer control; NPK represents balanced application of nitrogen, phosphorus and potassium fertilizer; 30%OM and 60%O0M

represent replacing 30% and 60% chemical fertilizer N with pig manure; NPKS represents rice straw return and the straw N is deducted from

chemical fertilizer N. Different lowercase letters above the bars indicate significant difference among treatments (£<0.05).
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Fig. 3 The activities and stoichiometric ratios of B-glucosidase (BG), p-N-acetylglucosaminidase (NAG), acid phosphatase
(ACP) under different fertilization treatments
TE: CK WAL ; NPK &l B, HIFHiENE; 30%0M 1 60%0M 43514 30% Hl 60% M A HUEEUILAL&l; NPKS KK RERSFF 4
ik I HA R YRR LML EAN T . AR EARRDNG TR 3R AL B H] 22 53 1 3 (P<0.05),
Note: CK represents no fertilizer control; NPK represents balanced application of nitrogen, phosphorus and potassium fertilizer; 30%OM and 60%O0M

represent replacing 30% and 60% chemical fertilizer N with pig manure; NPKS represents rice straw return and the straw N is deducted from

chemical fertilizer N. Different lowercase letters above the bars indicate significant difference among treatments (£<0.05).
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Fig. 4 Correlation between soil microbial biomass, extracellular enzyme activity and soil carbon, nitrogen, phosphorous
contents and stoichiometric ratios
TE: SOC—TA P TN—R%; TP—28; MBC—RUEY/EYEI; MBN—M/EY e A MBP—RUEY/EYHTE; BG—B-7H
HEEH R NAG—B-N-Z BEEC A 20 1 1 ACP—RMERERRRG ., 2060, W EPAAURIE . AR, *, o 53 5IKKR 0.05,
0.01. 0.001 /K- EAHL
Note: SOC—Soil organic carbon; TN—Total nitrogen; TP—Total phosphorus; MBC—Microbial biomass carbon; MBN—Microbial biomass

nitrogen; MBP—Microbial biomass phosphorus; BG—f-Glucosidase; NAG—f-N-acetylglucosaminidase; ACP—Acid phosphatase. Red and blue
round dot indicate positive and negative correlation, respectively. *, ** and *** indicate significant correlations at 0.05, 0.01, and 0.001 levels,

respectively.
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Fig. 5 Redundancy analysis of soil microbial biomass with soil carbon, nitrogen, phosphorous contents and
stoichiometric ratios
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Note: SOC—Soil organic carbon; TN—Total nitrogen; TP—Total phosphorus; MBC—Microbial biomass carbon; MBN—Microbial biomass
nitrogen; MBP—M icrobial biomass phosphorus. The blue and red line segments indicate the response and explanatory variables, respectively. The
length of line segment indicates the influence of the explanatory variable on the response variable.
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