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Abstract: [ Objective 1 Crop straw input and nutrient supply may influence microorganism-mediated formation and
transformation of soil organic carbon (SOC). However, the mechanisms by which straw and nutrient supply influence SOC
transformation remain unclear. The objective of this study was to explore how and to what extent of straw-derived carbon (C)
can be assimilated by microbes into necromass following crop straw amendment combined with nitrogen and phosphorus
nutrients supply. [Method] Using a **C-labelled rice straw, the 300-day incubation experiment study examined the pattern
of microbial assimilating straw-derived C in necromass (indicated by '*C-amino sugar dynamics) and its accumulation
efficiency (CAE) as affected by nutrient supply levels. [Result] The results showed that straw C could be transferred into
microbial necromass rapidly as evidenced by the production of 3C-labelled individual and total amino sugars. There were
higher amounts of *3C-amino sugars and CAE during the early stage of straw incubation (before 30 days), but a strong decline
of total 13C-amino sugars, especially bacterial necromass (decreased by 18%-28% across treatments) was observed during the
middle and later stages. The effect of nutrient supply on microbial assimilation of straw C processes was highly time-dependent,
that is, no significant effect in the early stage and significant inhibition in the later stage. Specifically, nutrient supply did not
have pronounced effects on straw C incorporation into amino sugars but significantly decreased 3C-amino sugars and CAE
towards the end of incubation, suggesting an accelerated turnover of newly-formed amino sugars in treatments of straw
combined with nitrogen and phosphorus supply. This might be related to potential changes of microbial strategies regarding
nutrient acquisition and C allocation, highlighting the complex relationship between extraneous C and nutrient availability.
Noteworthy, the total amino sugars (including '3C-labelled and unlabeled) were higher in nutrient supply treatments despite
lower amounts of 3C-amino sugars, suggesting that crop straw addition with nutrient supply stimulated microbial
transformation of native SOC components into necromass via microbial C pump mechanisms. [ Conclusion] This study
highlights that straw input could stimulate microbial-derived C production and accumulation by accelerating microbial
anabolisms via microbial C pump. The nutrient supply exerted an overall negative effect on the straw-derived microbial
necromass accumulation in the long term, but stimulated native SOC-derived necromass contribution. It is suggested that the
microbial necromass accumulation from newly added (fresh organic matter) and old soil carbon (inherent SOC) needs to be
further investigated when evaluating the impacts of straw input on SOC formation and transformation. These findings advance
the understanding of the mechanisms of microbial control over SOC formation and sequestration following extraneous organic
matter input under varying nutrient conditions.

Key words: Straw input; Microbial assimilation processes; Isotope tracer techniques; Microbial necromass carbon; Soil organic

carbon sequestration
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AT T e R Ak A Hh AN ) B PR AR G Dk, 317 R 7 X A LA B S N Bk 3 SOC FE R Akt 2
HAAE A S TR AN AR o 3 T TH] vl 850 (2R 5 ml e 2 1R 7 2 B e R R A i kb
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WD HE AR AV R 1 RS R AR5 A [5) BB S I0 7K 00 S A= R RS AR A=
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1.1 #iEE M IERE

R EHER BV B TR R (28°15'30" N, 116°2024" E) YLVGE L3R 7T, R FT
TE RIS A5 8 7 #viy Z8 KB S, - P3A0RN 18.1 °C, A FHF/KEN 1 537 mm. iREGHL 1
RN L83 L REFUR B IR UE B R 2K RS+, TR A R (RS R 2008 400 g-kg
L, HEHAENRSEN 14.19-kgt, 4% 1.319-kg?t, 4 0.6 9-kgt, /KR 102mg-kg?t, Rk 26.9
mg-kg?, L3 pH5.29. GRS A A Dy 495 mg-kg?t, FREERR 32mg-kgt, EHEFLKE
118 mg-kg?t, ZFEHE & 645 mg-kg?.

TFEREET 2020 FFFKZE, FE/KFEUSCGR G BT 58 4206 T 13047 . A ARG RIERERE -
HE (0~15cm), Sz WAR R ACARREE, i 2 mm 5. AE IR R AR RT 5 T = AR R .
1.2 It

HNEFERIG B E 4 NMEFE, BANCEE 3 R E E B RS CORBIIFSFT b 2008 15 B (CKD;

(2) AL BC AT (S); (3) BC AT AIEEBHAI (S+NiP; (4) BC R & %0k
N (S+NoP2) . Hor BC /KFEREFT (hric N 98 atom%), KM E SIHF [E A7 & 5256 % (Cambridge
Isotope Laboratories) . T A AbHE &S FF U INEA 10 g-kgte W8I0 S8 7% 2 43 B N B PR £

((NH4)2S04) Ffiifg — &8 (KHPO4), (REZEBERINE 7379 41.6 mg-kg* (BL N i, R[E)
10 mg-kg™ (AP it FIED, mamERAINE 38 125 mg-kg? 1 30 mg-kg™.

BARRE IR RN . FREL 20 g T Ty, 85 358 E K &y R B KRR &1 60%,
BT ER (25 C) #BELAM TSR — M. IEREFRIFHT, — M SNERY
TR A A A K H (AT RE KR 1R 70%, [HIRE IR RS IR, B RFRE AN L B 7K, HKs&
BRI T 2%, 55575 W10 300 d, BRI E IR A UARRE i, KA AU G 1% (GC 79808,
Agilent Technologies, 3£EDllxE CO, HHEM R, Fa€ [F AL % L i i {X (Delta V Advantage, Thermo
Fisher, Waltham, MA, ZE[ED) JIE 13C i, FF&5EXF P [H) I St e vHE A R AL HE TR 1) CO2
SRS R . TR BIFERE IR T AR SR B AR 30 K (HTHAD. 105 K (DL 300 K (JEHD BfR
& BOAYERURE), WE LIl igrE . L a B 2 LA RS R El. LEHMIER (B8 S
&, SOC &) WE 7 iETe Wm da fESFET,

1.3 HIESERRERNMREESELGIRNE

IR HENE & B e R Zhang F1 AmelungOIRE K 1T L RRIEAIT ARV« i K A AiA AT AR )
RIS A4 (Agilent 7890 GC,  Agilent Technologies, Santa Clara, CA, 3£ #HTIIE .
ARAE PR SR B, G B SRR (W T AR T B4 SR A B A AT R (GIeND . 283U (GalND
FIEERZ (MurND & &, FrA 2B ARy B2 505 & & (total ASs). HIEEELNE 15C [Ff7 &
& 5 LR A - [R147 2 Bz o sl I LN e Y, o 1 Sy s A R s o RORT A0 A7 H B VR ) DU AR AT
R %4 (Finnigantrace, Thermo Electron Finnigan Co. Ltd., 35D, f# @i+~ DB-5MS (60
mm x 0.25 mm x 0.25 mm).
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AW IR RIS 4 Ff (AP 4ER HEKMRE. B-1, AZIRETEEGE. p-FALREEEEA p-ACHE T
M), HRHUEE 1 A0 (B-1, 4-ZW-HpaRhEHmeE ), SRAMALBR R GEI T . BARW R FREUGH
MF 19 TERFEE LS 40 mL X FKIRA, BEJE7E 180 rmin FHREY 40 min j& il ik 358 7
B, HY 200 pL IR E T 96 FLAMFLIR T, 5 50 L REE B RAIR A S TE 25 C RIS R T B
7% 4 h, RGN 50 uL NaOH 21k b, #E 1 min 5 2B HEEFR{ (Synergy™ H1, BioTek
Technologies, Vermont, &[E) 7EJKIK 365 nm 1 450 nm AL % e Af
1.5 HiEALIE

AR MR AR ARk % (Carbon accumulation efficiency, CAE) HIitH AR :

R FER R A

TFF R IR AT R FE R CO, TR B BLR:
K, FEFFRIE CO, RMEEER H Zhang 25142,

FIF SPSS 25 F1 R 4.2.2 JFEATHIE /0T, Ho st Ab SRS 1) B 9 2 22 ELAE FIEAT UK 307 22 43
AT 5 oF ] — IS B A [R] Ab B[R] — AL B AN [ [] PR Bt 2R A7 S DR 3R 77 22 93 #r s R MR SR /K-y 0.05.
R Origin 2021 #4741, FFHiE /RS (Spearman) 3 RBOFANASFIFEHR 2 R A I

CAE/%= x100 (1)

2 4 R

2.1 B AT EMESTEERMEIRIZS
R b, FEFFRN S CE ) RE e SO R RS FT by i r MU 2 7y, SRBUNEEFRATH BCHrici) =
FhE RS (13C-GIcN. °C-GalIN Fl 3C-MurN) [ PRIERG N, {H °C TEAN R 250 2 1] (1) & S0
HASSWEAR (B D. IR (0~30 d), BC-GleN & RE251biEEI A 56.1 ~ 58.2 mg-kg!
(58 GleN FIEFIy 10.5% ~ 10.9%), BEEEFRIAIZEK:, °C-GleN FI& & B EMAK, Kiar/a
(105~300d) [#% % 33.8~39.4 mg-kg. A[FALEEE], 3C-GIcN & EAEE; IR AT IAR L 2 3 2 7% (P>
0.05), ¥FEEH, MERBRINAHEF BC-GIcN & EHMK (P < 0.05), BC-MurN R~ X FSFF AN
BTN I e N N B R (B 1b) . TEESFRMIN] BC-MurN & &4 5.2 ~6.8 mg-kg?, AW
TR 2 K T BC-MurN & 8. S+NiP1 Al S+NoP, 4L FE 4358 rf 3C-MurN & &3 HIME T RS FT S
QPR 15.2%F1 23.8% (P < 0.05). ASEALFEH 13C-MurN 7E55 7% 105 d i & & (6.3 ~ 7.4 mg-kg
D), B3R A UG 2 TR, S+N1Py Al S+NoP, AbEE T 13C-MurN [P RFIEBE K, 15 FR45 SR S+NqPy Al
S+NP, b FE rfr 13C-MurN 7351145 S AbFRAIG 18.4%7F1 28.3% (P < 0.05). FHFTRIE 13C-GalN & s
e sh 755 BC-GlcN Ml BC-MurN 5 BT ARRF (B 1c), FIONFEARE 71118 T B A [ A8 A0 22 52,
H& 2 AT REZSR (P>0.05), HEELWTEEN 8.4 ~10.7mg-kg?, BT BC-MurN.

a) [t:ns s D) froe S C) [Tens s
El [ s+NpPy D:x CJs«Np, 4~ | Dims [ sy
3 TxD : ns - S+N,P, ”‘; TxD : ns - S+N,P, E, TxD : ns - SHN,P,
= Aa Aa X =
60 F Aa 9l
% E Aa %12 L A A
S 3 Aab Ab = Aa Aa 4 pa Aa
Q E] Ba Q Aa Aa Aa
QU 40 g 6 QU
i s Cbh Bb %
) i B o6l
i i A
20 | 2|3l ]
i %) i3
& = &£
0 0 0
30 30 105 300 30 105 300

i FRAT18] Incubation time/d

VE: T: AbHE; D: REG TxD: MHESREMAEEM; S BMAEFRM; S+NP, FFHSIKEEBRN; S+NPy, FEFF
A EEABEAIN . EhEER A E S hREZE (n=3). 72 EMRUHE R T Z a0, “*” ATE 0.05 KF B, “**” J7E 0.01
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KPR, “ns” NARZE . KGFRRIRE BT AR IR R ZRME (P<0.05), N T RRIRIE — & A 225 )
Z5 % (P<0.05). TH. Note: D: days; T x D: interaction between treatment and days; S: Straw addition without nitrogen and phosphorus

supply; S+N;P;: Straw addition with lower rate of nitrogen and phosphorus supply; S+N,P,: Straw addition with higher rate of nitrogen and
phosphorus supply. Data are expressed as means * standard deviation (n=3). The upper left corner shows the results of two-way ANOVA, ‘*’
being significant at the 0.05 level, “**’ is significant at the 0.01 level, and ‘ns’ is not significant. Capital letters indicate the differences in
growth time under the same treatment (P < 0.05), and lowercase letters indicate variability among treatments at the same time (P < 0.05). The
same below.
B 1 55 TR AN R AR B rh RS AT SR IR R BN ) & B (L Bh 3
Fig. 1 Dynamics of straw-derived amino sugars in different treatments during the incubation course

2.2 MEYMELREHESREEEN S ERERE S AENAEX STE L 5]

AN F b B RS AT SRR S L S (13C-total ASs) (7RI 71.3~75.4mg kg, ZBEFR
e B SR AT IR A R A B (B 2a). T GleN 7E8 8 b A WIR AL, REFRIFEERE S
B BC-GleN BONHLL. F3740] 30d if, AR RSB BC- A E M S 2T S &b
H, HAE S+NaPy HIAFIE K (P<0.05). BERFFRINAIKER, KA BC-ZEHE A B AW
B, 1577 300 d IS H A BTG P A 47.1~54.5mg-kgt, S Fl S+NoP AbFE 2 [A]TE 3 2 5, S+NiPy
REHLT BC-A AN LR T RS (P <0.05).

REAT AR SENE 2 v 303 5 4 P AR RO ARDX DTk AT 2*C-GIeN 55 2*C-MurN Bt A (3C-GleN/**C-
MurN) k27, 3571 °C-GlcN 5 3C-MurN I (EAR L TE [y 5.6 ~11.4 (& 2b). Bk L, B
FERTPH (30~105 d) - 4LHE 3C-GICN/SC-MurN ¥ 2 83 Fiads, ERiF#d s (105~300 )
3C-GIcN/SC-MurN 7E S+NoPo Kb BT A B 5 [l 7 o %5 4L 2L [H] 13C-GIcN/C-MurN 7ER; 77+ 1 (105 d)
ZRARE (P>0.05). MAERTREH] S+NoP2 AL °C-GIcN/C-MurN ELfI 225 = T S Al S+N1Py
Ab3E (P <0.05),

—~a) S b)
‘U) T : *k s % T : Ex D S
50D S+NP; 2 o —0—S+N,P,
S ] s+N\.P, s, 0"
2 | 28 apha & 2
(@) EEI-H 1
H 3 Bab B2 @&
g 260+ —11Bb  ca c @ e o
e = — a 3 )
m g cb 8 <
& i 5
b3 i]]m » 6
N o
& 23l & S
g & T
g - ‘_’.9 3L
& 5
s =}
R0 2o
30 105 300 30 105 300
=208 Incubation time/d TEZ#AF1E] Incubation time/d

Bl 2 B A AL FE R R IR AR R R () 5 ARk LA ZhE 2 (D)
Fig. 2 Changes of straw-derived total aminos sugars (a) and ratio of **C-glucosamine to **C-muramic acid (b) in different treatments during

the incubation course

2.3 TR AR REE

N PEA RS AT 4N 5 A PR AR D IR NFRAR T30, ARSI TS5 T AN [R5 7 B B A Pk
b RFUCR (CAED, BV — g B 3% JE ) N A A= P TR A RS R B 26 R 4 B B AR (1) 0 (13C-total ASs) 5
FEATRRAR T (13C-total ASs Al 13C-COp Z A HUAHXTELME (B 3). 45K, Bty 4+ CAE
BK, MEERFENHT CAE BB E A (P < 0.05). &AF gAY CAE (5 FE 0114840 J6 B

http://pedologica.issas.ac.cn



+ R
Acta Pedologica Sinica

3.44% ~ 3.62%, 105 d I} CAE [£% 2.54% ~ 2.71%, ¥4 int, A4 CAE FE4 1.79% ~ 2.10%.
BT TN INERE FR WA X CAE L5, (BRI, S+NiPy ALFEAI S+NoP, Ab 3
CAE 43ill#5% S AbFRAK 14.4%F1 10.4%, 156937 438 N2 10 B I 18] R 5 b A= P [R) AL A s ot 72
FEAE RN

5.0 -

T:* C IS

D ** [ S+N,Py

'IKE ' ns B S+N,P,

- T Ag Al
T
o Ba
S Ba =° g3
<27 Ca
&) - CbCab
0.0
30 105 300

22 2=A8] Incubation time/d
K 3 55 7R AR A R AL BR AP A M AR AR AR RCR (CAE) AL BhAS

Fig. 3 Variations of necromass carbon accumulation efficiency (CAE) values in different treatments during the incubation course

3 9 it

3.1 RBERMIFEFRIRBENE YRR E RS

TEPDIERIA] SOC IFEACTEIR KFERE F AR T LI E M A i F2 0 AR T4 R, B59%
FIHI A A [R) PR AT B 1T BB i R RIS 15 R 2 S B K L A1 o 3 SR R 1 109% /2
A (B 1a), XATRESAEATREMEAI, R AT A PR e A AR S E W A B AR R, AR 1)
AR AR A A KRBT, BCARICEIENE AL A (B 1) M HIIE Y] 1 G il R bl
| SRS AN IRRE AT 3¢ [0 S A B Ak S AL HE T DR T~ SOC AR R o AEHIARSAT FEAd A3 A et () 22C-Hmic
WEYRAR A R (B 2), W30RF T Cotrufo SFMSIHR M) “ AR L BiARE " B AR
28, RIASFF I3 M nl A B B PR LR RS A REEAT BRIE R 4L, JF AT CLAH B AR T
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Straw-derived fungal PLFA; 3C-B: Straw-derived bacterial PLFA; *C-TASs: Straw-derived total microbial amino sugars; EEAc: Carbon
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Priming effect; *C-CO,: Straw-derived CO,. The Spearman correlation degree is represented by boxes of different colors and sizes. The
gradient from red to blue indicates the correlation from positive to negative, with larger boxes indicating stronger correlation. “* indicates
significance at the 0.05 level, and “**’ indicates significance at the 0.01 level. The lines connecting CAE with factors represent correlations,
with blue indicating negative correlation and red indicating positive correlation. Solid lines indicate significant correlations at the 0.05 level,
while dashed lines indicate non-significant correlations.
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Fig. 4 Heatmap of the correlation between microbial necromass accumulation efficiency with biotic and abiotic factors

3.3 IR MR RIS RN R R BRI A B R E X

AU KSR T REATHASCAT T, RUBETR 7 P R ) AR e ) FRUBE 508 Al A ) P AR AT
B AR 2 A FRN, 7R 1 9870 BERLAC 5 R FTRR (0 2 W e A 1 e 2 18] A A2 e R e
[AlRE P (AR R, SR RIE G E YRR B AE TR 20U I AR BE b AN [ R AR T 5
FEATACEE, JCHRRATM A IRE B P oy (K 2), ERTIATRBias R, Wnssn it
B s b SR SR, XU A O LE R R AT SMIE RS AT B O RIS, sl s S 2 E MR AL
SRS 1 A TR HUBR R AR BRI AL, A1 3 B U MR AR IR R 4R RR B KT 1285 R R
BIREAT N i, — 7 AR BRI A Y B R 55— T T AR A R M R IR S kA
BESI AL SOC 1™ 1 A A i S At 3 L BURE R BB R 7 I B AE I AU T o 8 —28, ARBIETE R

http://pedologica.issas.ac.cn



+ ok
Acta Pedologica Sinica

DUE BN B e 2t A= 0 R SR s i) IR AT A WU Fe Ak, JCHAEREAT 2085 JA S IR AR e )
R PEZHT RSO0 (B 300 DRI, FERRIHRSFH A A BC 5 77 20 0% SOC FiE 2 AN AR 2 (K152
I, WESIESNEA N AR 2 da AR IR EE A LA 7 K E AR . 3 HLI
TR REE A T &, ANEAT AU A BOBTRR, ATy L3RG “ BEIR 7 R B sl Exs “ &
B T RALRIM A, MRSl A AT HUBR K 5%, A SOC PEAERIRATAL R Bk A48 4k, IX 7T
7] BRAE DU IO RIF 78 AR KRR B B4l 228 1o 2848l Cai #1 Feng®URIFFE KL, 43& PEBRUE (BC-brid
HED IALIE, Fa R AEMRARREEA R B BC-hrd bR, WAEBK—MrkE L
IR A ATk R, FEPP SN HL B AT ZE A 3 SOC T RSN A 3% A SR 7E v
225 FE AN A A D TR R A TR, 25 R8O B A D 9Kl B A A L A RL A R R o A
s AV REAT R SR D ISR, 5 RAE YIRS B B s R AT AR A
i i A BNV R R 2538 B TR 0 PR I B8 A SRl AR 9 2 BT SRR & X RS AT B e A
RERRRIEN, > RS N SR ) R AR, AR TR R BB T R 75 B E Y S AN B
WL REHEAT R BT o ARSRAIT 7T oK 25 PRI B B R, B BEAN SR IR I Ak 2, JRS5 &
ZOCEND A (2P) [Af R 5 1B°C ZEARCIRY) Tk, W8 ERARIC R AR A A AL 73 1
EELLY, WIHRR. S Ak E R BRI A B 5 TR SR, e A E e R
PR A AT L PR R T SRR TEANEA ML TR & RUBE 77 7 (145 Bl e FH 38 WL AT
FACHIBE A S L o

4 45

Tl e PRI [R A M P RS AT B N AR P R DL BT AT SRS AT R 1) 45 Fl K
B (DL BC-Z A MBRRCRLE R, BEREFRIET, Bra ek g mdos 5.2
BEAR, A BRI e A B (AT B MR B K, 8 A5 B AR R DR BTk L M o USR0S I AR AT Bt PO
AWM YA AR S L AR SRR AE A RIS IR S RO AN A o A b, OB I AE 3 77
HIT SR eI 525 SO A M R B A R A BR (R, TR R 9% Jm AR B — I kst 1X 5
Ja IR E AR (PRI i e A T DIAEOG, RIAESA A Bi AR R B AR DA RS RRY, Rk
TR IR A FAC A RS AT i R M GBI 1, IR AT — & I T AR Ik & R 2 k. (A5
ERIRE, Gt 300d Hi7fja, R BC-@AMENBERA IR ININAL B P AU, (H7%5 8 3 i) g
S e T AN IR AT AR B, RS AT AR 5 TR AN S E Y R AR RS FERR K [T
I AR AL SRS T AR SOC [ A A= M BRAR IR A e A, X7 THT [ e DAL RO T8 AR KR FE R
T BRI, EUCRRBE TP ERT BEARA N CEYIRSAT) fa A\ BKEh SOC RN A #% 1t
PSRRI, FEFEINEE B CRmAAIIED M “E” (84 SOC) Mt FL
TR

223k (References)

[1]1 Pan G X, Li L Q, Wu L S, et al. Storage and sequestration potential of topsoil organic carbon in China’s paddy soils[J]. Global Change Biology,
2004, 10(1): 79-92.

[21WuJ S, Ge T D, Hu Y J. Areview on the coupling of bio-geochemical process for key elements and microbial regulation mechanisms in paddy rice
ecosystems[J]. Acta Ecologica Sinica, 2015, 35(20): 6626-6634. [R<:7K, EAik, SN, & H LIECHT R IR = Ao 72 R H
AR NLHII]. AR5k, 2015, 35(20): 6626-6634.]

[3]1 Yan X, Zhou H, Zhu Q H, et al. Carbon sequestration efficiency in paddy soil and upland soil under long-term fertilization in Southern China[J]. Soil
and Tillage Research, 2013, 130: 42-51.

[4] Yu G R. Golbal change, carbon cycle and storage in terrestrial ecosystem[M)]. Beijing: China Meteorological Press, 2003. [ T-#t#. 4ERAs1k 5

http://pedologica.issas.ac.cn



+ ok
Acta Pedologica Sinica

WA RGBAFA R ERM]. ALt AR MM, 2003

[5] Chen X B, Hu Y J, Xia Y H, et al. Contrasting pathways of carbon sequestration in paddy and upland soils[J]. Global Change Biology, 2021, 27(11):
2478-2490.

[6] Li B Z, Zhou P, Li Y H, et al. Progress on the mechanism of sustainable carbon sequestration in subtropical paddy soils[J]. Journal of Huazhong
Agricultural University, 2022, 41(6): 71-78. [, FM, 25000, 5. WA F3 H L HERFSEE R0 S R 0], erh ol R %24k,
2022, 41(6): 71-78.]

[7] Lal R. Societal value of soil carbon[J]. Journal of Soil and Water Conservation, 2014, 69(6): 186A-192A.

[8] Ké&stner M, Miltner A. SOM and microbes—What is left from microbial life// Garcia C, Nannipieri P, Hernandez T. The future of soil carbon[M].
San Diego, USA: Academic Press, 2018: 125-163.

[9] Shao P S, Xie H T, Bao X L, et al. Variation of microbial residues during forest secondary succession in topsoil and subsoil[J]. Acta Pedologica
Sinica, 2021, 58(4): 1050-1059. [ARMSIL, A, S, & FRMUAE SR PEVURZR FUR LR EM AR A ], L3
1k, 2021, 58(4): 1050-1059.]

[10] Zhu X F, Kong W D, Huang Y M, et al. Soil microbial carbon pump conceptual framework 2.0[J]. Chinese Journal of Applied Ecology, 2024, 35(1):
102-110.[KFH g, FLYAEMR, FE8kM, & LIRMUEMTORESR R 2.000]. R4 AR, 2024, 35(1): 102-110.]

[11] Liang C, Schimel J P, Jastrow J D. The importance of anabolism in microbial control over soil carbon storage[J]. Nature Microbiology, 2017, 2(8):
17105.

[12] Kastner M, Miltner A, Thiele-Bruhn S, et al. Microbial necromass in soils—Linking microbes to soil processes and carbon turnover[J]. Frontiers
in Environmental Science, 2021, 9: 756378.

[13] Cotrufo M F, Wallenstein M D, Boot C M, et al. The Microbial Efficiency-Matrix Stabilization (MEMS) framework integrates plant litter
decomposition with soil organic matter stabilization: Do labile plant inputs form stable soil organic matter?[J]. Global Change Biology, 2013, 19(4):
988-995.

[14] Buckeridge K M, Creamer C, Whitaker J. Deconstructing the microbial necromass continuum to inform soil carbon sequestration[J]. Functional
Ecology, 2022, 36(6): 1396-1410.

[15] Zhang B, Chen Q, Ding X L, et al. Research progress on accumulation, turnover and stabilization of microbial residues in soil[J]. Acta Pedologica
Sinica, 2022, 59(6): 1479-1491. [5k#, Mrey, THW, & WUEMIRAL LB PR RS TR SR E NIRRT AR [0]. 3344k, 2022,
59(6): 1479-1491.]

[16] Liang C, Amelung W, Lehmann J, et al. Quantitative assessment of microbial necromass contribution to soil organic matter[J]. Global Change
Biology, 2019, 25(11): 3578-3590.

[17] Wang B R, An S S, Liang C, et al. Microbial necromass as the source of soil organic carbon in global ecosystems[J]. Soil Biology & Biochemistry,
2021, 162: 108422.

[18] Feng X J, Wang S M. Plant influences on soil microbial carbon pump efficiency[J]. Global Change Biology, 2023, 29(14): 3854-3856.

[19] Liang C. Soil microbial carbon pump: Mechanism and appraisal[J]. Soil Ecology Letters, 2020, 2(4): 241-254.

[20] Struecker J, Joergensen R G. Microorganisms and their substrate utilization patterns in topsoil and subsoil layers of two silt loams, differing in soil
organic C accumulation due to colluvial processes[J]. Soil Biology & Biochemistry, 2015, 91: 310-317.

[21] Peltre C, Gregorich E G, Bruun S, et al. Repeated application of organic waste affects soil organic matter composition: Evidence from thermal
analysis, FTIR-PAS, amino sugars and lignin biomarkers[J]. Soil Biology & Biochemistry, 2017, 104: 117-127.

[22] Zhou R R, Liu Y, Dungait J A J, et al. Microbial necromass in cropland soils: A global meta-analysis of management effects[J]. Global Change
Biology, 2023, 29(7): 1998-2014.

[23] Yang Y L, Xie H T, Mao Z, et al. Fungi determine increased soil organic carbon more than bacteria through their necromass inputs in conservation
tillage croplands[J]. Soil Biology & Biochemistry, 2022, 167: 108587.

[24] Ding X L, Liang C, Zhang B, et al. Higher rates of manure application lead to greater accumulation of both fungal and bacterial residues in
macroaggregates of a clay soil[J]. Soil Biology & Biochemistry, 2015, 84: 137-146.

[25] Ye G P, Lin Y X, Kuzyakov Y, et al. Manure over crop residues increases soil organic matter but decreases microbial necromass relative contribution

in upland Ultisols: Results of a 27-year field experiment[J]. Soil Biology & Biochemistry, 2019, 134: 15-24.

http://pedologica.issas.ac.cn



+ ok
Acta Pedologica Sinica

[26] Chen X B, Xia Y H, Rui Y C, et al. Microbial carbon use efficiency, biomass turnover, and necromass accumulation in paddy soil depending on
fertilization[J]. Agriculture, Ecosystems & Environment, 2020, 292: 106816.

[27] Duan X, Gunina A, Rui Y C, et al. Contrasting processes of microbial anabolism and necromass formation between upland and paddy soils across
regional scales[J]. Catena, 2024, 239: 107902.

[28] Ding X L, Ling N, Zhang W, et al. Distinct carbon incorporation from *3C-labelled rice straw into microbial amino sugars in soils applied with
manure versus mineral fertilizer[J]. Geoderma, 2023, 436: 116537.

[29] Amelung W, Brodowski S, Sandhage-Hofmann A, et al. Combining biomarker with stable isotope analyses for assessing the transformation and
turnover of soil organic matter//Donald L S. Advances in agronomy[M]. London: Elsevier, 2008: 155-250.

[30] Zhang X D, Amelung W. Gas chromatographic determination of muramic acid, glucosamine, mannosamine, and galactosamine in soils[J]. Soil
Biology & Biochemistry, 1996, 28(9): 1201-1206.

[31] Amelung W, Miltner A, Zhang X, et al. Fate of microbial residues during litter decomposition as affected by minerals[J]. Soil Science, 2001, 166(9):
598-606.

[32] Joergensen R G. Amino sugars as specific indices for fungal and bacterial residues in soil[J]. Biology and Fertility of Soils, 2018, 54(5): 559-568.

[33] Ge T D, Li B Z, Zhu Z K, et al. Rice rhizodeposition and its utilization by microbial groups depends on N fertilization[J]. Biology and Fertility of
Soils, 2017, 53(1): 37-48.

[34] Tang Z Z, Zhu Z K, Shen B J, et al. Effect of stoichiometric ratio of soil nutrients on mineralization and priming effect of glucose in paddy soil[J].
Acta Pedologica Sinica, 2017, 54(1): 246-254. [(7#2%k, WLutkl, JLUKiE, 5. F8 004k vlda Lo % B 39 A0 W™ fo B L R RN [ i)
[9]. 324, 2017, 54(1): 246-254.]

[35] Khan K S, Mack R, Castillo X, et al. Microbial biomass, fungal and bacterial residues, and their relationships to the soil organic matter C/N/P/S
ratios[J]. Geoderma, 2016, 271: 115-123.

[36] Zhu Z K, Xiao M L, Wei L, et al. Key biogeochemical processes of carbon sequestration in paddy soil and its countermeasures for carbon
neutrality[J]. Chinese Journal of Eco-Agriculture, 2022, 30(4): 592-602. [#Luikl, MR, 2ire, 5. FH 3 R OCH T F2 10 A P bR b2
ML B I A s (3], Bl A= sk 223, 2022, 30(4): 592-602.]

[37] Lu MY, Wang Z Q, Zhang K, et al. Effect of nitrogen and phosohorus addition after straw input on the microbial community structure and the
accumulation of necromass in paddy soil[J]. Acta Pedologica Sinica, 2025, 62(6) :1850-1861. [~ # M, &M, KR, . BRI HMAT
M LI VBT SRR I s [J]. RIEAEAR, 2025, 62(6) :1850-1861.]

[38] Li Y F, Shi B W, Yang Z Y, et al. Effects of short-term and long-term nitrogen and phosphorus additions on microbial necromass accumulation
coefficients in meadow soils of the Qinghai-Tibet Plateau[J]. Acta Pedologica Sinica, 2025, 62(3): 893-904. [25— L, 1% %, &M, 4. HI
AN GRS oot 75l i J R o) L SB  DBRAR AR BR R B2 []. 3824k, 2025, 62(3): 893-904.]

[39] Fang Y'Y, Singh B P, Cowie A, et al. Balancing nutrient stoichiometry facilitates the fate of wheat residue-carbon in physically defined soil organic
matter fractions[J]. Geoderma, 2019, 354: 113883.

[40] Ma T, Gao W J, Shi B W, et al. Effects of short- and long-term nutrient addition on microbial carbon use efficiency and carbon accumulation
efficiency in the Tibetan alpine grassland[J]. Soil and Tillage Research, 2023, 229: 105657.

[41] He H B, Li X B, Zhang W, et al. Differentiating the dynamics of native and newly immobilized amino sugars in soil frequently amended with
inorganic nitrogen and glucose[J]. European Journal of Soil Science, 2011, 62(1): 144-151.

[42] Zhang Y X, Lu M Y, Wang Z Q, et al. Nutrient supply enhances positive priming of soil organic C under straw amendment and accelerates the
incorporation of straw-derived C into organic C pool in paddy soils[J]. European Journal of Soil Biology, 2024, 123: 103695.

[43] Soares M, Rousk J. Microbial growth and carbon use efficiency in soil: Links to fungal-bacterial dominance, SOC-quality and stoichiometry[J].
Soil Biology & Biochemistry, 2019, 131: 195-205.

[44] Gunina A, Kuzyakov Y. From energy to (soil organic) matter[J]. Global Change Biology, 2022, 28(7): 2169-2182.

[45] Kaiser C, Franklin O, Dieckmann U, et al. Microbial community dynamics alleviate stoichiometric constraints during litter decay[J]. Ecology
Letters, 2014, 17(6): 680-690.

[46] He H B, Zhang W, Zhang X D, et al. Temporal responses of soil microorganisms to substrate addition as indicated by amino sugar differentiation[J].

Soil Biology& Biochemistry, 2011, 43(6): 1155-1161.

http://pedologica.issas.ac.cn



+ ok
Acta Pedologica Sinica

[47] Zhu Z K, Fang Y Y, Liang Y Q, et al. Stoichiometric regulation of priming effects and soil carbon balance by microbial life strategies[J]. Soil

Biology & Biochemistry, 2022, 169: 108669.

[48] Buckeridge K M, Mason K E, McNamara N P, et al. Environmental and microbial controls on microbial necromass recycling, an important precursor
for soil carbon stabilization[J]. Communications Earth & Environment, 2020, 1: 36.

[49] Cai Y, Ma T, Wang Y'Y, et al. Assessing the accumulation efficiency of various microbial carbon components in soils of different minerals[J].
Geoderma, 2022, 407: 115562.

[50] Jia J, Feng X J, He J S, et al. Comparing microbial carbon sequestration and priming in the subsoil versus topsoil of a Qinghai-Tibetan alpine
grassland[J]. Soil Biology & Biochemistry, 2017, 104: 141-151.

[51] Cai Y, Feng X J. Substrate and community regulations on microbial necromass accumulation from newly added and native soil carbon[J]. Biology

and Fertility of Soils, 2023, 59(7): 763-775.

(ZRERE: HRA)

http://pedologica.issas.ac.cn



