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AN T MR BRI AT (43°19'N,
124°14°E) , HHERRGH AL (Mollisols ) , RIiF)=
Bt HERE L ARSI AT N i K 2
KA, FIREZ N 6.9 C, FEWFEKEL N 614
mm, FEEPT 6~8 A, 2007 4FFiZWFFH K
B TR LK ( Zea mays L.) FEFFE 0 HE Y
R X I AT 2L 6 SE g, SRITBELIX H i1,

g 4 X, BAAXANRAEPE (no-till, fAjFR
NT) 73, ik 4 AR F KRS #1360 H i Ah 2
% O LI AFEFFETSAN (NTO) 5 @ 33% Tk
AP REAH (NT33) , f5FHAHEZN 2500 kg hm2;
@ 67% TKRFEFFEEILM (NT67) , FEFFAHEREY
4 5000 kg hm?; @ 100% & K f% Ff 2 5% 6 M
(NT100) , FEFFiSHIFZ 7500 kg hm?, &4k
FR/NX AN 261 m? (8.7 m x 30 m) . #AbFHE it
FH4 2 A . 240 kg N hm?2, 110 kg P,O; hm2,
110 kg K,O hm?, AJE+IE (0~20cm) pHEHN 7.1,
SOC Fath 113 gkg”, A (TN) & 1.2gkg
1.2 #il1Ig

AWFFE T 2021 45 10 A B E, BIRSFFE LA
M 14 4E)5, REENTO, NT33, NT67 5 NT100 kb3
TIRE 0~5 cm TIEFER, A AEHE/NXCR FHBERL
FLRE, H5RG . REFIHIERE R 2 mm i,
BT WA RE R AR R BRAE , —30 ) R S AR
fET 4 CUKFE, 73— TR T KA, B
AYEEATE 0.15 mm FHE 45
1.3 HIEBUMRNE

+ AR (TC) TN & R TR A
% ( Elementar Analysensysteme GmbH, Hanau,
Germany ) o AWF5 T H H3ETCMRIRER I, Bk
DL TC &R SOC &, THEEAA (NH,"-N)
MAHAZ (NOy-N) JH 2 mol L (&AL AN W= 2
Jr il A s 43 B4 ( Smartchem 200, Roma, Italy )
M5E ., H3EE/KE (moisture ) SR FMEFFREZIE
TR (pH) SR HEALEN & . T 500 A
(AN) Fra R gy soEm e . s A Hl
fix (DOC) LLEEF/KIZ$E, & 0.45 pm RS E
A PR A S AT (Multi N/C3100) JiE ., + 35
4B (TP) R H,S0, - HCIO, 1k, FHEMT I (o
M5E . T4 (TK) & R AR T A2 .
BT W (I 0T ) 5 =R,
1.4 TIERIE A5 RE SN E —MicroResp™

WAFIT 4 C LT 25 C &0 F & HEDE
Bige s RiGfbisAEy . fE 1% WBAE, T 121 C
T R KA 25 mine G ECH] 300 mmol L KCI,
5 mmol L' NaHCO,, 25 pg mL' H By 2LiE W IR & 1F
FFER YR E 60 C KBS T HBR - FEm Yt
B =1 1ERRIEGHS) . BREWMA 96 fLAk,
F3AL 150 pL, FREASIN Al PR TES A5 VAR R 11 I o A I A



2 4 NFHE: ERARABLEE I E LM EBRRBERS $EBGYHR 409

THA AORAFRART ) A B4R, 4 °C BHOLRTT

BA AR F AN 25 pL &Y, 30Kk 5
13 PRI, BRIFEZEHITEILEE 10 HEZ N 30 mg ¢! £
BeOK o BRI AR SO BN TRALA R, R ARG D AR

FHNERILAR -, Fde TIe BB, 25 C #aiiaR
3 ho FHEFFRIUAE 570 nm P KT I0E A I A 7 A8
7% 3 h A RO, ARG AR R
T CO, BGEZ (%) .

%= 1 MicroResp™ FRiRZE 5

Table 1 Carbon sources in MicroResp™

TR IEFpE e

Type of carbon sources Carbon source

FHRI »-BETHR (GABA) . L-INAEM (L-Ala) . L-2EMARE (L-Cys) . N-ZEEEA 4 (NAG)
FARIE 3, 4- IR HER (PCA)

ARIA IS D-FM (D-Flu) . D-2EFUHE (D-Gal) . D-#i4j## (D-Gle) . L-FUH{AME (L-Ara) . ME5E4E (TreA )
ivES Frigie (CA) . L3ERER (L-MA) | o-Fi% R (AKG)

CO, F=H B8R MW AEFREAL TR A0
Ai = (At3/At0) x Mean(At0) (0

%CO, = A+B/(1+DxAi) (2

CO, rate = [(%CO,/100) X v X (44/22.4) x (12/44)x
(273/(273 + T)1/[ soil fwt X ( soil %dwt/100)] /t
(3>

~A (1) ~ (3) H, Al HPRAER IR OGIE,
A3 N 3 h JiFR A EOGIE, A0 S EEFR0IER (0
h) MERWOEE, Mean (At0) R 96 FLAGIN AR Ur A
fLIY A0 F¥MH; %CO,H CO, B IE (%) ,
A =-0.2265, B=-1.606, D=-6.771; CO, rate N
CO, Bit# R (ug Cg'h') , v AEESIKRE 0
AR, 945 uL; T oAEEFRIEEE, 25 C; soil fwt HIE
UM BAL 46, 0.32 g3 soil % dwt/100 y + 1
Tt t AREFRIE, 3 he
1.5 BUEALIE

K FH Origin 2022b #F4 75 R R BEHLIX 20 1% 7 2553
B, >RH LSD JrikxfAb s a ¥ EE T 2 8 i, IF
BT B EMEIHT (P <0.05) o RS Past v2.16 {4
AR RIS AR B A 3T 36 A v A o
fiE Y Simpson Z FEPE | Shannon £ &£ ¥4 A1 Evenness
WISIREFREL, MR NGR 2 Frn s TR B
A RIASFF 8 H A BT S A M e T A G D e 46 44
25T RS AT, FIH Past v2.16 B4 AR B[]
2 5 47 AE 2 80 £ o0 7 2 43 B ( Permutational
Analysis of  Variance, T S
PerMANOVA ) |, Jf ixb 8847 (B AR 18 73 A o % 32 B
53 1l B Ab IR 22 5 STERECR BRI AL . SR Past
v2.16 XF T3 PR o RN A W A T A A QU R A T
Pearson AH5C53T1, IR Canoco 5.0 #E4TITUAR 50T

Multivariate

( Redundancy Analysis, f@j#K RDA) , PA4r#r+1%
FRAVME B T A P A QI 2 AR 72 S B 5], 3 i
TEFR RIS I8 B A 20 1 o B 1 IR P Xt
A AR EE A A R ) DTRR AR B . AR U R R
Origin 2022b &,

R2 = e-ZHMHEROTESR

Table 2 Formulas of the three indices of a-diversity

o-Z MR EL I
a-diversity Formula
N2
SimpsonZFEEFEEL I-D= I—Z(%)
ni. n;
ShannonZ #EMEFE 4L H=- - ;ln;
Evenness) =] FEF8 % efl/s

TE: SHOTRE, nAREARREL, n o EBITiREARL.

2 FER55h

2.1 FEFFCHEXT B PR EE SRR

AN TR RS FF 34 H 2 A BT A S A2 6 S TRl U5
FIRERE T WL 1, S55R3R, FEFFE M 5 T
A R R TR B S RS A R B i T
ARG YE . 5 NTO ML, FEAFA H 5 R T
A W R A AR S YE (& 1a) , Horpxd
RIETRFRIRISH IR AR 3 (& 1b)
AN, 5 NT33 M, NT67 Hl NT100 AL T 1%
A AR KA S PRI RER: (& 1b) .
ST RBERBIEYNN 5, FEFFE IR T HEY
X} GABA Fll L-Cys BJfCHE 4, NT67 5 NT100
HEAR T HUEIXT L-Ala BUARISIEYE, NT67 4bHE i
FRE T NAG RS E (B 1e) o X F
FEREIEYIM S, AP IEEFELR (K 1d) .
XA A YIRS, NT100 i 2 R85 16
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Fig.1
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Yrmmi s, AT IR AR T A Y X CA i L-
MA FIfRHENE (F&] 1) o
2.2 TEFHEEX TIRE IR SRR
ARIFEFFIE BT, IR DX kIR
I Simpson ZAEMEFE %L . Shannon Z2 #1435 B
Evenness Y2488 L3 3. A AL PZREETE ORI )
B EE R 2, 5 NTO ML, FFFidH
RFER T LI YA B 2 AR R S R AR
B, % (33%) . (67%) Mg (100% ) F5FF
HEHRTC R E 2 (R 3) .
®3 Z;ET%HE:Eﬂ%ﬁtiﬂiﬁéﬁﬁi%ﬁiﬁﬁmﬁﬁ a-Z 1
Table ;Ei&-diversities of soil microbial metabolic function in
different amounts of corn stover mulch treatments

fb3E SimpsonZ FEPEFEAL  ShannonZFEPEFEEL  Evenness¥2) FEHEAL
Treatment Simpson_1-D Shannon_H Evenness_e"H/S
NTO 0.773+0.005 b 1.837+0.048 b 0.485+0.024 b
NT33 0.846+0.025a 2.161+£0.098 a 0.677 +0.063 a
NT67 0.855+0.017a 2.161+£0.083a 0.675+0.054 a
NT100 0.862+0.013 a 2200 £0.066 a 0.698 £0.045 a

T M £ R R —FIARRISSO NG FRERR [ — 465 A R b 2 22 5
B% (P<0.05) .

(b) T X DU RS IR AR 1 5
(f) EEYRIRISHIAENE . NT, %8f; 0, 33, 67 Fl 100 43R FEFHE M 0%,
TEPR AR bR 22 5 % (P <0.05)
3, 4-ZFRHEHR (PCA) |
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Soil microbial carbon metabolic activities under different corn stover mulch treatments
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Fig.2 Visualization of soil microbial metabolic functional structure dissimilarities upon corn stover mulch treatments using principal
component analysis based on Euclidean distances (a), the loadings of principal component 1 (b) and relative activity of soil
microbial carbon metabolism under different corn stover mulch treatments (c)
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ARG & B IR FEAE S 3R A v I S5 ok
A A B, BRI mEsE, +
PR R 25 Sl (8 3a) , X R ONREFF
S H 5 IEEA SR TC, TN, DOC 1 AN 7%
B (K 3b) o mifr B S A MR B
FRGHE PR ZFEVEFEFRUEAT Pearson 5G54T, 155
E 4, B4k, 13 TN, TC. AN fil DOC % &
AR W %ok 22 e 5 ) A PR Tl AR DG e o . LA
i, TEERCE YRR ARG S TN, TC.
AN F1 DOC &t & i AH G, 5119 pH B 2 1EAH

(a) +NTO +NT33 «NT67 o NT100

A
X

PC2 (13.5%)
S

L2 A
1\ A

6 -5 4-3-2-10 1 2 3 4 5 6
PC1 (56.2%)

%; % GABA. L-Ala, L-Cys. D-Glc #l L-MA ({1t
WA YE S R SRR R B RASE; X L-MA B4R
WA 58 pH B3 IEAHC; X GABA. L-Cys,
D-Glc. CA il L-MA Qs 45 TN & & i & i
K ; X GABA, L-Ala, L-Cys. D-Glc, CA #1L-
MA MAREHEPE S TC & B3 A ; X GABA.
L-Ala, L-Cys il TreA fUfCIEHEPES NO,-N % & ik
FHA; ¥ GABA. NAG. L-Ara Fl TreA B4t
HPES NH,*-N & & AHE; %F GABA. L-Cys,
D-Gle. CA fil L-MA [RHE S AN &2 B 3% i
%5 XF GABA, L-Ala, L-Cys. CA fl L-MA f{{t,
HHEPE S DOC & & 3 A C; X GABA, L-Ala

(b)

TK
TP
DOC
AN
NH,~N
NO,~N
TC

N

pH

Moisture

1 1 1 1 1 1
-03 -02 -0 0 01 02 03 04
PC1 #fiff
PCl1 loadings

3 FEFHEHEXNTREEUMERFMAERS FE(a) REMS | BEEED)
Fig.3 Visualization of soil properties dissimilarities upon corn stover mulch treatments within each soil layer using principal component
analysis based on Euclidean distances (a) and the loadings of principal component 1 (b)

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.
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2 2
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= Simpson_1-D
Shannon H

Evenness e"H/S

Moisture pH TN

TC NO,~N NH,~N AN DOC TP

AR
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B4 DREBUMRSMEDNELRDRGEES SRR (P <0.05,7P<0.01)

Fig.4 Correlation analysis of soil properties and microbial metabolic activity and diversity of carbon sources (*P < 0.05, P < 0.01)

M L-Cys BARHHEYE S TP & & WEMARC, 1Ak,
T YRR AR RIS R 5 DOC B3
WA IR Y X ER IR E Simpson 2 #E 14
F8E05 TK & A,

SR RIS BRI A R R, Iri B A T
B 76.4% M W B A 45 40 A8 S, Hirp 12 0
AN & W E Tk I g, RN
19.2% , SERTTA A Q48 ) A8 S5 i) B iR e K 1Y)
T (24)

3 g

IR A B A M - 59T AR B B TSSO R e 3K ]
WEZERXRELE, BWSRHERRS KhM” 5
“Bheikii” E ARSI BB AR, LEIMNEAT ML
AT, HIEEAYRE AU A HRCE 55
RE AR S A ) T - A BB 25 1 5 o ) el
v, ARG T MicroResp™ T I Al 52 G5
AR RS F178 5530 H B0 38 A i AR s 1 5
ZREER S R BN R, S5 R oR, KRS
I HH S 25 ARG T A 0 ok AN RS 9 B4 AR 9
TR IR AR RIS R, A3 & T A WXt 4b

*4 TEBUMRNDEMEYRESHTSIRRERE
ZMoth
Table 4 Percentage and significance analysis of soil properties in
explaining soil microbial carbon-source utilized
composition variation and associated F and P values

T HER AR TR F{H PfH

Soil property Explains (% ) pseudo-F P value
A 19.2 3.3 0.004
Loy ) 9.6 1.7 0.098
FRB%E (pH) 8.8 1.7 0.122
2R 11.0 24 0.01

AT LR 5.9 13 0.244
S 5.2 1.2 0312
a7 53 12 0.296
R 3.8 0.9 0.56

A 3.8 0.8 0.548
Tk 3.8 0.8 0.582

TR AR 16 1) Z2 R A RO Rl K Ak 0 ik TR 1 A X
ReighErE, Hd, b (67%) . & (100% ) EF5FF
T 0 U T E IR A S5 A, 1009% A
34 F A S50 35 8 1 1 (2R % D 8 1 XS il DR 1) R X
PGS o PR A S A W i A R R AT 7]
IR T 2R B, e 280 & S A U A s M 2%
YIMOG, ISR RRIE S & (DOC) F15: 53 Al Al
FPE CAN) S 5252 0 0 il A gt ke 1

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Impact of Corn Stover Mulch Quantity on Microbial Carbon Metabolic
Activities and Diversity of Black Soil

LIU Yu-qi"*3, ZHU Xue-feng"**, BAO Xue-lian"?, ZHENG Tian-tian"-?,

HE Hong-bo'?, LIANG Chao'?, XIE Hong-tu'*

(1. Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China; 2. University of Chinese Academy of Sciences,
Beijing 100049, China; 3. Key Lab of Conservation Tillage and Ecological Agriculture, Shenyang 110016, China)

Abstract: [Objective] Aiming to propose support for solving soil degradation caused by long-term intensive tillage in
Northeast China, this study was carried out to explore the impact of corn stover mulch quantity on soil microbial
carbon metabolism characteristics and its driving factors. [Method] Combining with soil carbon and nitrogen contents
and other physicochemical properties, MicroResp™ method was used to determine soil microbial carbon metabolic
activity and its influencing factors. Software including Past v2.16 and Canoco5.0 were used to analyze the microbial
carbon metabolic diversity and structure variations, as well as their correlations with soil physicochemical properties.
[Result] The results showed that microbial metabolic activities of carboxylic acids and amino acids were significantly
reduced by corn stover mulch, but microbial carbon metabolic diversity indices were significantly increased.
Moreover, 67% and 100% corn stover mulch significantly changed microbial carbon metabolic structure, and the latter
significantly increased the relative metabolic activities of aromatic acid carbon sources. Microbial metabolic activities
of carbon sources were mainly related to soil carbon and nitrogen contents. Soil dissolved organic carbon and alkaline
hydrolysable nitrogen were the main physicochemical factors affecting microbial carbon metabolic diversity and
structure, respectively. [Conclusion] Long-term corn stover mulch could improve soil microbial carbon metabolic
functions by reducing microbial metabolic demand for readily available carbon sources and increasing microbial
carbon metabolic diversities. This study will provide microbial references for optimizing conservation tillage
management model and promoting sustainable agricultural development in Northeast China.

Key words: Corn stover mulch; MicroResp™; Microbial carbon metabolic activity; Microbial carbon metabolic

diversity; Conservation tillage
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