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Distributions and influencing factors of microbial residue carbon contents in

forest soil profiles in subtropical red soil region
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Abstract: In soil profiles, soil organic carbon (SOC) storage beneath 20cm accounts for about 50% of the total SOC
storage in the terrestrial ecosystem. Microbial residue carbon (MRC) is considered as an important constituent of persistent
soil organic carbon. It is important to learn the role of MRC for soil carbon storage in deep soil as the main source of soil
stable carbon pool. Until now, most studies involving MRC content and the contribution of MRC to SOC have mainly focused
on surface soil, but seldom in deep soil and parent material. In this study, we selected typical red soil profiles in
Qianyanzhou, Jiangxi province in subtropical region. We measured the microbial biomarkers of amino sugars and
phospholipid fatty acids ( PLFAs) which represent microbial residue carbon content and living microbial biomass content,
respectively. The objective of the study was to analyze the influence factors of MRC and to quantify the contributions of MRC

to SOC along the soil profiles from the surface to parent material. The results showed that (1) bacterial residue carbon
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(MRC,), fungal residue carbon (MRC,) and MRC contents decreased significantly with soil depth (P<0.05), and were
about 0.08, 0.18, 0.25 g/kg at the parent material, respectively. The contributions of MRC to SOC along the soil profiles
remained unchanged because of the same variation trend of MRC and SOC contents. Along the whole soil profiles, the
contributions of MRC,,, MRC; and MRC to SOC were about 6%—12%, 12%—36% and 18%—46% , respectively. The
contribution of MRC; to SOC was higher than that of MRC,, to SOC from surface soil to parent material. This may be caused
by different components of cell walls in bacteria and fungi. The chitin in cell wall of fungi is more difficult to decompose
than peptidoglycan in cell wall of bacteria. In addition, MRC, could have more physical protection than MRC, by soil
aggregates since extracellular mycelia and polysaccharides are involved in the formation of soil aggregates. (2) The
structural equation model showed that MRC content was largely determined by microbial biomass content of PLFA
biomarkers, soil bulk density (Db) and dissolved organic carbon (DOC) content in the soil profiles, while Db and DOC
indirectly influenced but microbial-PLFA content directly influenced the MRC content. Our study quantified the contribution
of MRC to SOC along the soil profile and emphasized the contribution of MRC to the formation of ecosystem carbon pool

beneath 20cm and in the parent material in red soil region.
Key Words: amino sugars; phospholipid fatty acids; bacteria; fungi; actinobacteria; parent material
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AU FERIAN N 1985 4R[S R A A IR AL ( Pinus elliottii Engelem ) . & EE ¥ ( Pinus massoniana ) F1FZ K

( Cunninghamia lanceolate ) %"
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Table 1 General information of the sampling soil profiles

Fig.1 The photo of a soil profile and sampling soil layers

S WEAE  WHREE/m EHEREem FERFA FEHEA FERA
Forest type Location Elevation Soil depth  Main trees Main shrubs Main herbaceous
EHLIR WA
Ak 26°44'26"N 16 6 R (Adinandra millettii) (Lophatherum gracile)
Coniferous forest 115°3'18"E ( Pinus massoniana) S Ay EE
( Quercus fabri) ( Oplismenus compositus )
A EHLIR
26°44'42"N 95 170 (Schima superba) (Adinandra millettii) WA
115°3'57"E 2 YN I3 (Lophatherum gracile)
( Pinus massoniana) ( Callicarpa kwangtungensis)
ELIR T
26°44'37"N 107 160 LW (Adinandra millettii) ( Woodwardia japonica)
115°3'37"E ( Pinus massoniana) Wi TR
( Syzygium grijsii) (Adiantum flabellulatum )
YN HEA T
26°44'31"N 106 215 ( Pinus massoniana) ( Loropetalum chinense ( Woodwardia japonica)
115°3'34"E TAILIN BEFEAR I

( Pinus elliottii Engelem)

(Adinandra millettii)

( Dicranopteris dichotoma)

1.3 IR

45 (Db) P I, SWC FMETPE g il , pH ( K L 1:2.5) A pH il , DOC 38 1£0.05
mol/L K,SO,( Lt 1:5) 1242 , il b B A MLk 43 Hr 4 ( Liqui TOC 11, Elementar, Germany ) Jll %2, SOC #1 TN i

1L ICZE /ML ( Elementar, Vario Max CN, Germany) Mg AR R WP 2,
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x2 TEBANREES S

Table 2 The soil properties in different layers along profiles

- . o KE THEENR  BRASE LK BA
i L o LBk RSy A
Depth SWC/ pH s0C/ DOC/ TN/
(&/cm’) (zks) (mg/kg) (&/'ksg)

0—5 em 29+2.3a 4.1820.09c  1.2840.02¢  15.5+2.39a  51.4+6.36a 1.1£0.17a
5—10 cm 23+0.9ab 4.21+0.06¢ 1.33+0.02e 10.2+1.67b 54.2+8.12a 0.8+0.10b
10—20 ¢m 21+0.4b 4.26+0.06¢ 1.44£0.02cd  4.6+0.76c  46.2+6.72ab  0.5+0.05¢
20—40 cm 23+1.5ab 4.21+0.06¢ 1.37+0.05de 3.5£0.52¢ 37.9+3.64abc 0.4+0.05¢
40— 5% I 5¢

R L Sem R 23+1.6ab 4.54+0.11b 1.47+0.03bc 2.1+0.23¢ 29.1+6.17bc 0.4+0.05¢
40—>5cm above parent material
BELE Som _ 23£1.7ab  4.74%0.12ab  1.54+0.03b 1.940.31c  26.0+3.98¢ 0.3+0.03¢
Sem above parent material
% Parent material 17:£4.9h 4.99+0.13a  1.90+0.00a 0.9£0.12c  23.6+2.24¢ 0.3+0.05¢

BN FHEFRA R )2 R 2 5 B3 (P<0.05, n=4) ,f&ﬁi‘%i‘%ﬁ{ﬁi@ﬁ(ﬁﬁ,swc 35 KR soil water content; Db, IR
Soil bulk density; SOC T LR Soil organic carbon; DOC T RASA DK Dissolve organic carbon; TN 2% Total nitrogen

- E LA ENE (GluN) EZORIE T B E A MEE UL T B, EIEMBERR (MurN ) ME— SR T
AN AR BE Y SRS E S % Indorf 25122 S84 1 (OPA ) FERTATA: — i SO (1% (HPLC ) J7 ¥k, BRI
W 1g Bt i i £ F /KA, A 10mL 6 mol/L $hR , 7EHERT H 105°C FHUE: 6 h #EA7 /KM, I OPA fii
A AR TC 45\t i e Ak Bk B B IS A (ODS) ((Acelaim120 C18;4.6x 150mm , 3wm ) A4 /85 550 AH €0, 151 43 55
( Dionex Ultimate3000, Thermo Fish Scientific, USA) , fifi F & S 4 K 445nm A3 & 3510 330nm A9 28 GG
AR | SR TR A 2 W A s v T R 0 1 P X 2 B A 7 2 L

WERRNE TR ( PLEA ) S0 016 AR AR LB %) 18, AR S E A8 T s Gl o3 i, AN AEE TAE T A,
A DM R T ARG A D e B4R AR P EBES T Frostegard 45 I Bossio 45 5 ik, E A IR AR UM 24
F 8¢ T HAEE HAE S FHBERRER 05 A B2 oy B I, 7R RE A Lo B Wi NR . AR T 28 TR AN Bl 1 H 12
TE BN 7 % B R ( FAMEs ) & , 76 OB, I AR 19:0 758 AR , 3 i S (351 ( Agilent 7890 B) il
€, JH MIDI Sherlock {4 ¥) %5 245 ( Version 4.5; MIDI Inc., Newark, DE) % PLFA JF 7% &, RAFMAEY
1) PLFA AREWIILER 3,

£33 RETRMBBEN NIRRT EY
Table 3 Phospholipid fatty acid (PLFA) biomarkers of different microbial community biomass

(p@RyEudis WA R s S 275 3k
Microbial community Phospholipids fatty acid biomarkers References

i14.0, i15:0.i15:1, al5.0. i16.:0, i17:0.al7.0
2N Bacteria 16:1w7¢ 16:109c, 16:1 20H, 17:107¢ 17:1w8¢c [26—30]
18:1w5c, 18:1w7¢ cyl7:0 w7c.cyl9:0 w7c
EF# Fungi 16:1w5¢.18:109¢ . 18:2w6¢c .18 :2w9¢ .18 : 3wb¢ [26—27, 31]
TR Actinomycetes 10mel6:0 . 10mel7.0 ,10mel8.0 [26]

2 HESZEITSH

2.1 EIEPRUE YRR TR
+1% MRC, & (g/kg) BIHHEAR N .
MRC, = (GluN-2 x MurN)x179.2 x 9
K, GluN B4 F i A 179.2, GluN MurN 14524 mmol/g , (B 4HE AL H MurN 5 GluN D) 1:2 o fi 3t
M GluN i 22205 GluN 755 EL7E GluN 3@ 50 9 ¥4 L5 GluN 283k MRC, 2" |
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+4Erh MRC, &1 (g/ke) WHREARX N
MRC, =MurN x 251.2 x 45

A A, MurN 2474 mmol/g, MurN AY4> Ty 251.2 i1 MurN 2553 LU 0 28 45 158 MRC, &5,
MRC % (g/kg) A MRC, 5 MRC, & (g/kg) A",
2.2 GZitsrr

{di [ SPSS 20.0 #4755 #r, @t One-sample Kolmogorov-Smirnov 1 06 B PR IE S0 A , FAGEIE
BO AR AN E R -PLFA & I T80, R 207 22001 (One-Way ANOVA ) Fb A [R] 351 T R
) MRC,, \MRC, .MRC X/A=¥)-PLFA a2 5, R Duncan 5T 2 H A (P<0.05 N EF ), 45
¥ 5 FRASERY (SEM) 7R304 AMOS 22.0 52 i, I SEM 4347 T e3R8 K 7 | 385545 KA )-PLFA & &%)
MRC [SEMA AR TR SR AR RASAAG TIHE X R A T4 . AWF5E T X2 /df<2 . P>0.05 RMSEA<0.10,
GFI>0.90 B} , BRI A 4T, FIH Sigma Plot 10.0 #AFHEATIER . K A EIE £FRIER (n=4) ,

3 ERESW
3.1 AEYER AR B e 0 TE S A

MAIERZE B EET,MRC,, MRC, \MRC 7% 5 & 13385 VR B2 38 hn 5 2 AR ( P<0.05) , 7ERE BT Ab &5 1
A, AR LB R 4 530 R 0.08—1.15.,0.18—4.79 ,0.25—6.01 g/kg, MRC, MRC, MRC & &} 0—5cm>5—

10cm>10—20cm>20—40cm =~ 40cm—+Efi . 7£ 0—5cem 3 H MRC,/MRC,, {8 (3.92) B & m THE 2
(1.25—2.60) (P<0.05) (& 2) .

WA A FHRA R
Bacterial residue carbon content/(g/kg) Fungal residue carbon content/(g/kg)
0 0 02 04 06 08 1.0 1.2 14 1.6 0 0 051.0152.02.53.03.54.0455.055 6.0
T T T T e ————a o T L et —a
10 e L 10 f=E= b
20 e ! 20 —_—
—d +d
40 — a0f
|
|
|
——d »-:-cd
|
|
£ B LS5 cm d B ESem Foad
2 o B =d R b
B
i~ AR LR B PR/ A R R A L A
= Microbial residue carbon content/(g/kg) The ratio of fungal residue carbon to bacterial residue carbon
% 05 1.0 1.5 20 2.5 3.0 3.5 40 45 50
fad
20 ¢
be
40
+d —t—c
BEFT S5 em L d BEFT S5 cm —
EE35 #d R —F—c

2 WEHNEREHRSENIEDH
Fig.2 Distributions of microbial residue carbon contents in the soil profiles

AR TR R B2 25 57 (P<0.05)
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3.2 EHIE AP A P i ) T oA

MAEHERZ BRI, A0 R R A W-PLEA &5 6 3550 T IR (% 8 I i B R AR (P <
0.05) ,ZZLIE RN 0.12—3.92 ,0.02—0.93 .0.00—0.74 ,0.13—5.59 mg/kg, 1EEEA + 385 i op EL B Mk 9-
PLFA & HEEI N 0—5cm>5—10cm>10—20cm =~ 20em—EE i . 7EHE AL + A Y)-PLFA & & 5%, 415 .
HH M A Y)-PLFA 87350749 0.12,0.02 ,0.13mg/ kg (181 3)

Y -PLFAG & HE-PLFAG R
Bacterial-PLFA content/(mg/kg) Fungal-PLFA content/(mg/kg)
0 0 05 1.0 1.5 20 25 30 35 40 -0.1 0 0.10.203040.50.60.70.80.91.0
————————————m 0 pF——F——————— -a
10 10
20 ¢ 2 <
c cd
40 40
d wed
B ESem B} FScm
\é (5354 4 5 Fd
=
5 LB -PLFAS & M AH)-PLEAS
a Actinobacterial-PLFA content/(mg/kg) Microbial-PLFA content/(mg/kg)
‘fr\% 0 01 02 03 04 05 06 0.7 0 051.01520253.0354.0455.05.5 6.0
K 0 : : : : : : : : 0 2 Y1 2T 20 3T 90 AT A0 e
= 10 z ’ 10 c
#n 20 20
cd cd
40 40
W+ de + de
B ESem J.d #)% _F5cm {de
E:J)ﬁ — € ﬂﬁﬁ vfb

B3 AEMEMEY-PLFA S=MIES
Fig.3 Distributions of microbial-PLFA content from different microbial communities in the soil profiles

PLFA: B§JRIRIR Phospholipid fatty acids

3.3 TR ER RO XA LR DTk Y ) S A

BEE SRR BE RS N, MRC % SOC BTRR GRS T 5 72 0—5em 3, MRC, % SOC BTk & i, Hy
36% ; £ 20—40cm H3EH  MRC, X} SOC TiRkIEAK, N 12%, £33 H th MRC, \MRC X} SOC 5Tk 535
M 6%—12% ,18%—46% (HAAL A B E (P>0.05) (K 4),
3.4 TIHERUE YR ARER & r R K R

SEM fl&45 R LM, A8 A LI mH, Db . DOC F/EY)-PLFA & &R T 158 MRC & & 81% MY7A%
5t. Db [H#E520 MRC & &, —J7 M 520 DOC, B2 RECHN-0.53 58 YI-PLEA B IR, 2658
M) MRC 75 & 5 ) — 7 Tl i B Wi Y -PLEA &5, 642 280 -0.39, HEMI 2 MRC &, DOC ilid
SN Y)-PLEA & i [ 25200 MRC 75 it [ B2 M A00 R 0.37, fZE9-PLFA & & 520 MRC % i,
AR ZRECH 0.90(K 5)

4 itig
5 — R —3, MRC, \MRC, \MRC & SOC & 2 il 25 338 5] i 7% B2 388 n i B AKG , 5 e i iF 9 4% SR —
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Fig.4 Contribution of microbial residue carbon to soil organic carbon contents in the soil profiles

SOC: +HEAHLEK Soil organic carbon; MRC: +3EUE P FRAKEK Microbial residue carbon

O AR AR B EORIE T AT A S A
BECY SRR R ERIERE ) ATES SEM 4
W1 DOC 5 Jk i 1 52 Wi ok 2= 4 A 0y gk i 3% i) MRC 77
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¥ -0.39*
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B - 98 40 TR B $8 0, 0 4 T R R P b
DOC &t BEAR 3  35 45 1 B 1 a2, Bl -
PLFA FHEFEAR, PRGBS0 m g, DOC & il
PR A AR AR A W 2R W i, HE TS5 MRC g;{gj-% (P=0.369) 0.90***
U, SY5hh THPIE Yy M AN A0, (78 0—  RMSEA-0 F=081
- , » e TR AR AR

20cm HHERRAEAE KRR YRR Y L Ik A A R i |:|
ﬁ]zﬂg:ti%iﬁélz%?}%{%ﬁg?ﬁ ,ééi’%ﬁz%ﬁ%ﬂgﬂﬁﬁl\@ﬁ/f/ﬁﬁﬁ E 5 wi%ﬁwﬁ?zumﬁing*ﬂﬁ*i*ﬁﬂ(SEM)ﬁ*ﬁ
E %}l&{'ﬁ’ﬁ@% \ﬁmﬁéﬂ] ﬁ%ﬁéﬁﬁ /\iiﬁ s ﬂ%ﬁi}%ﬁi—t% Fig.5 Structural equation model analyses of the factors affecting
PR W SOR A 38 A W A 6 B R A B A g:‘;‘;‘ rei‘;‘; ?Z;‘j““ COIT;@%&*%% b 5 5

1=1.[39—40] 2y > AR Ju. 1 7 A Sk AR AR H Sk L AR R AR YA RBL
S L C e TS L A s S g
YRk A F] T 0—20cm T3P MRC fUFHEL 77 HC Al 2 e AR 1 PR A5 5 e

TAME IR H b, Db X 2R #)-PLFA & i B A

2 RO, R A W A W i il 52 B SRR A R0 EE F TR P RSN, 3 Db B K - e rpad A K
PEREAE | 3l 1 i P AR TS AR A R BRI T 3 DOC [ FERIERS , 20em LLF HHEPIE S

R*=0.49

14 ) -PLEA S
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A IV 19 R AR 4 PR 1 ol 2 400 A A, ) % Rl b o A e e A P U A W-PLFA B
A%, A F A R A i AL 2R BRIt MIRC 5 i B 5 398 50 T R B B i eI, A 9 3 B S 2k
Yyt 2 5] I YIRS, A PRS0 R A2 A AR T A DL B e W B R RO PL S A
20em DA H4ERITE b, B F0 W50 PR RS T A AR IR 4y, e 25 UM W A Y ORI AR A i
LR Z 53],

MRC,, \MRC %t SOC BT #ikVFy % 365 I R BE S In v A5 i 3281k, {H MRC, XF SOC A9 BTk SE RIS T, i
MR8, WRTA TSR, MRC X SOC STk 25 50 1 G 5 B hn i Tk s 1) . AT £ 43350 i v
MRC 1t 5 SOC & Asfhta$h—3, BTl MRC % SOC TTkiy % 485 A W & 284k, X T MRC, i &,
A1 F7E 0—20cm - 3EF T b | e ik A0 A 0 ik i A I 5 50 T O 8 o 0 T 0 />, i L TR 8 B e X R A A L
T R -PLFA 5 5 R, BT SR W R AR R T EC T A1 I RE X 530 MRC, X SOC Bk [k, i
£ 20cm LLF 138 i T SOC AR e 2 3 I B AR i 2 ) i B AR R 2 2R RS S
B RR A B, PR RE T A SR AR 3 1R B9 5, MRC X 3888 5 M A B 1 STk T

FEREAS R, MRC X SOC 53k i T MRC,, . © A WFFE % B A0 Lo T 40 A, BB BE A8 1) FH o ol [
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