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Abstract:  Objective Microbial biomass carbon(C)metabolism is vital in the formation and stabilization of organic C in soil,
constituting a critical parameter in the models of terrestrial ecosystems. Yet, the variances in the microbial C metabolism indices
in soils developed from different lithological origins remain undefined. @ Method To address the scientific gap in the
characteristics and driving factors of microbial biomass C metabolism in soils developed from different rocks, we sampled forest
soils developed from limestone and clastic rocks as research objects. Using '*0-H,O labeling, we measured the microbial growth
rate, respiration rate, carbon use efficiency (CUE), and turnover time. Combined with soil physicochemical properties, soil
organic matter mineral protection characteristics, soil enzyme activity, and microbial biomass and community composition, we
clarified the influencing mechanism of lithology on forest soil microbial biomass C metabolism.  Result The findings indicate
that the pH and the 0.002~0.05 mm particle content in limestone-derived soils surpass those in clastic rock-derived soils,
whereas soil organic carbon (SOC), total nitrogen (TN), dissolved organic carbon(DOC), C: P and N: P ratios were lower in
limestone-derived soils (P<0.05). The limestone-developed soils had a higher content of exchangeable calcium and magnesium
(Ca/Mg) and free iron and aluminum ((Fe+Al)q) than the clastic rock-developed soils, but the content of amorphous iron and
aluminum((Fe+Al),)was lower than that in the clastic rock-developed soils. Furthermore, the enzyme activity related to C, N, and
P cycling in limestone-developed soils was significantly lower than that in clastic rock-developed soils (P< 0.05). In addition, the
microbial biomass phosphorus (MBP) in limestone-developed soils was higher than that in clastic rock-developed soils, but
microbial biomass carbon(MBC), fungi: bacteria ratio (F: B), and Gram-positive to Gram-negative bacteria ratio (G': G )were
significantly lower than those in clastic rock-developed soils (P<0.05). The microbial growth rate and turnover rate in
limestone-derived soils were significantly higher than in clastic rock-derived soils (P<0.05), but there was no significant
difference in the microbial respiration rate and CUE between the two types of soils. Correlation analysis revealed that the soil
microbial growth rate and turnover rate were significantly positively correlated with soil pH, (CatMg): (Fe+Al),, (Ca+Mg): SOC,
(Fet+Al)g: SOC, and Gram-negative bacteria(P<0.05), and significantly negatively related to DOC, organic C bound to iron and
aluminum, enzyme activity, MBC: MBN, F: B, and G*: G ratio(P<0.05). The soil CUE was significantly negatively correlated
with MBC and MBC: MBN (P<0.05) while microbial respiration rate was only significantly negatively correlated with phenol
oxidase activity (P<0.05). In summary, the higher pH, weaker amorphous iron-aluminum mineral protection, lower microbial
resource limitation, and larger bacterial biomass (especially Gram-negative bacteria) in limestone-derived soils may lead to
greater microbial motility in these soils and stronger substrate availability, resulting in larger microbial growth and turnover rates.
However, there was no difference in the soil microbial biomass CUE between the two rock types, which may be due to the similar
soil C: N ratio. Conclusion The microbial biomass C metabolism of forest soils developed from two types of rocks is controlled
by biological and non-biological factors. These research results provide a new mechanism for explaining the differences in
organic carbon pools in forest soils developed from different rocks.

Key words: Limestone; Clastic rock; Forest soil; Microbial biomass carbon metabolism; PLFA; Enzymes; Organic matter
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AR A KA Z B3R pH S{EdE
YK AR R CUE, MEA KB N BRI
KR Bt 2z PR RS 4 1) w1 FH e e i A G A
KA CUE. 3T, ARUFRERUAKAERT
1) % TR AR AR - S RN i 25 % B R s B R ARk
e, oyt SRR . A YL PR R
T M RN A VR AL, PR AS [ A1 T -
A W AT R R ) 25 5 LR R [ B AN [
PR IR W A Y s A R R R AL . PSR
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1.1 FARXHER

AR5 IX A5 T B M 45 2 PH EL 5 I K R 90 X R AR X
( 28°14'24"N, 107°11'24"E ). % X B9 F 4k N
1300~1 350 m, kTR0 {0 7 R P 1 2 XU M, 4
SRR EN 1160 mm, FFHIR N 14°C %
b DX DA AR 25 1) 6 ST AR ML B A T SR R AL, I SBR[
BEA A K A R T, TR —H X AR 8 7 X B2 DA
PEJE o T o AP 1 Sy LR R S i i
TRATHR, FRYEIES A 41 4L/ 4 [ R Sc 4L 4L
NRERFR, ARAZ LRSS A (B85,
PRI HZ FoBREE 1 (2035 ),
1.2 TEHMRE

2018 4 9 H , FEPIFREES K H AR 1 458 X I
SPNERET 5 HEHL, BRI A 20 mo x
20 m, R HbAT A B T R AR AL . MROR AR IR A
(60 =54 ); FAFEHRA “MAE” A 10 R
i, SREE 0~15 cm R)Z HIHE, 10 RIS
BE 1A RHEREA CRBRAT WA PLERIA ), PIRhEE:
FRE TS RIRE SA EHEREAR(EN SIREE ),
it 10 4> T SEREAS Bl 5 R oR AR 1) 1802 R S 6 =
AbE, HTEER) L3RR 4y (2 mm) JEEEAL, KRR
AR AL AAE T o o R Ao =Ry,
H— 3 e R L ST RO 4°CUKAR R, T
T HERCE Y R YRR (MBC ). (AR E YRR
(MBN). UYWAY= (MBP) FIBGEPE 34T 5
Ty —#B Ay LA 20 C UK A6, AT W R s T R
( PLFA ) $2& A K A AR e bn g I 5 AR B
SRR AT, R A AR R B, 4N pH L A AL
ik (SOC). %A (TN), &8 (TP), AHLFH4L.
T HERTH . R ALY A SS B Ca. Mg B
1.3 WEmMBSAE

(1) EHESATPE R E . 4 pH RH
Bk E (+/7K 8 11 2.5 w/v) ( FE28-Standard,
Tt ); SOC RAE B A kil ; TN RAHT
Z MY ( Elementar wario MAX cube, fE[E ) & ;
TP >RH] H,SO4 + HCIO, ¥ TH AL PLEH 21 bL (ki
FE 5 I EMEA HLER DOC ) 0.5 mol-L ' K,SO,
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PR, WAL —A PR T (TOC-Vwp,

FEEE ) M RE 5 3RS SR BOCRLEE 4L ( Mastersizer
2000, FEfE ) % ; MBC., MBN % &5 7-0.5
mol- L™ K,SO, WIIZ#E, &Lk MR M X
( TOC-Vwp, 8 ) W, MBP R EZZ-0.5
mol-L™' NaHCO,; 1242, AA3 ( AatoAnalyzer, f[H )
WAl e, AR T AR SR AR AR 22
B, Forbrisb Z%, Hrh, MBC. MBN #i
MBP HJ55 AL R 5053518 0.45. 0.45 F1 0.40,

(2) HHEA P PRI Fabs i e o Rk
(Fe). & (Al) FfWFscitt Ca. Mg & RRAE
AHUET YRR, R AR RR AR S - —
TR E WSS Fe, Al ALY ((Fe+Al) o), KH
FRAEBOEIE AR S Fe. Al 84L¥) ((Fe+Al) | );
F CTREAREU Sl Ca, Mg, RGBSR
LB & 45 B R AU E (ICP-OES, £ ),

(3) HIEAHURY B2 2 4 IR 45 6 54 B
DE o F 0.5%M9 75 i R AR R 3 /IR, e IR R
Vitalk7 18 h, B MM B3t 53 um
i, Giior A3 E1<S3 um B PIEE A A HLRET, 60°CHE
TS 100 Hif)5, 0.5 mol-L ™' Na,SO, 124,
J& F B LR ST ( TOC-Vwp, HAS) fll%E DOC
W, BEIR &R Ca, Mg 45684 Pl (0C-Ca/
Mg ); #eAx HHEML O S 100 Hifs, —XmGy,
— 5 IR R R R L —— R R AN, 55— 1 Ik
MR A AN-E A, YR 1.0 mol- L™ SALENIA I wh
Uk, SRIGTE 60°C MRS b T8 LA T A HLER 53 #7
ZEH RN RERES A A APR (OC-Fe/Al) P,

(4) HHERFTEPERIE . 208 Saiya-Cork %1%
()7 30 52 B-FI I B 8 ( BG ). B-ABEH B ( BX ).
o-FAIHEERE (AG). P4E/E WM H S (CBH), B-
A PR B NAG ) e 2 R 2 L KA LAP ),
R PE BRI ( AP ) LA K WP A ALl - 193 AL ( PPO )
Fd E AL ARG (PER) WM. BAAIEWT: B lg
PrifHHE, A 125 mL (9 =KE LR 2R PR
(50 mmol-L™"), FH#E 1 Hih- a8 Se4 Pk 10 min ffi
Ik, o RS AR EL 200 uL T 96 LB @KL
Mro FH4-MERIEF TR (MUB) MERIRHED I &
K A BTG PR LAP SR 7-2 56 -4-H 34 5 2 ( AMC )
FIAREY) ), AS RSN AT B B, ST A
FHBEHRE FZd 25 CHIE 4 h BFEF, A
10 uL 1 mol-L™" NaOH £ 1k N, FZIREREFRIYL

( Infinite M200 PRO, Fiit: ) 7£ 365 nm £ 450 nm i
R R K il (986 BE . PPO R PER I
DOPA Fi1 0.3% H,O, t§Ui ¥, & T 20 CHRREAMHT
S RE SR 24 h RN 18 h, B PR LR 20 6O T
5E 460 nm ALMOGE . BTG PEFR R K nmol-g-h ',

(5) HIEBERRNIR IR Y EE I, H I AEY Y
TR B IEAE iR ( PLFA ) JrikiliE, MRIGIHE S
() Bligh-Dyer® " Jr i #2 B, B JBFREL 2~3 g BT
PRI+ 50 mL LIS O T, T AR
FROE vl . ST R EE (ABIE 0.8 1:2), B
BRI TN R, ARUOMA ST . DY ERAT
B, WWGE S SPE MEZEHURIS WG, S5 KK E &
AW EERZREA W (AR 10 1), S E-H
B (0.2 mol-L '), IECKEAMGIRA T (R
4:1), BERRIEW (0.3 mol-L™") FIZEg Tk, Witk
FEER, AR TEHETIECK, %BEfiait
FENE o, SR A R [ 7 R 3% {X ( Delta V
Adwantage, Themo Fisher, 3¢[H ), i15: 0, al5: 0,
i16 : 0, i17 : 0 FH/RAELRHMER (G7); Cl16: 1
w7c, C18: lw7c FHRFELNIVER (G ); 16
0-10Me /R ; Ta/nEE (F) BIIRMIRbRIC
Yk C18 : 2w6e, C18 1 1w9c; 2R PHMER . B
P B AR B A A i (B) P I F B LR
G G FEMAWREAN

(6) T3ERUEY A Yy i AR I 2 . ¥
0.4 g fif + 2 FRE 37 48 h ZJF /N 2 mL MR A
o BB AE b — 41 A 97 atom% "0 FRicK,
A Ky 0 FEEIRE] 20%, HORFF 60%
F (157K 625 5 — AU A IR B R ARt alik
YER EARERE OB 2 mL VRAFAE 0 A HERE 5 76 TR
U RIRAT, SRIGHTIFIZE, IRk R =
50 mL ¥R, 7E 25 CA&MF T REFE 24 he
TSR Z I, 30 mL <k, AL HASE
Peidry 12 mL Tzskid, HASAHEEREL GC-6890
(7890 A, Agilent Technologies, %[ ) & CO, ¥
JERE I 2 mL AP i IRIE , JRAF T-80 °C
1T DNA #2£HU ( DNeasy® PowerSoil® Pro Kit ), fiff
FHMELARZEEEE T (“M200, B AH] Tecan )
DNA #J&# . # 30 pL DNA i AR, K5
P 60 °C LR Tt 1% AR AR K o B fifE
R R E L R %Y ( MAT253, Thermo Fisher,
FH) HERY &R TR 7 H1{L ( HT-EA Thermo
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Fisher, SE[H) & 0 FFE 0 P,
A AR HE R ( Cyowns pngg -d' , KLCI)
FRN -

C _ fDNA X DNAproduccd x1000

growth ™ DW x¢ (1)

Aof, DW M EHETHEE (g); ¢ SRR3Rt (h);
Sona WEERAT, EVCED A REB (ngke!) 5
DNA HRJFERHE (pgg!) .

ML R ( Crepirations ngrg d' L L C
i) FEM

Deo, L pxn

DWxt RxT

C

respiration

xV,;x1000  (2)

Kb, p HKAUES (kPa); n h C TTEMS TI%
(12,01 gmol'); R AP S IA% 5 (8314
J-mol " K™); T ANSURRILEXFIRE (295.15K ); Vi
AT (L); Do, A 24 h #5374 CO,
JERIE R (x10°mg kg ).
AW A R FI AR (CUE) R b

C
CUE = growth (3)

growth + Crcspiration

A, ATy PR SCIRTHT
Pl A= Pt e R A R I 8] ( Tmnover, d) 78
N

Tturnover ZM ( 4 )
C

growth

A, Corown M (1); MBC R A: ¥y 4= 1y 1 %
(mgkg', LLCil) .
1.4 ¥IB&ZitAE

SPSS 25.0 FEATH A AEA T K 40 LB Rh bR
KB LGB . TR RS PE L B
A W A e R 2 DA R e A AR
ZIA 25 (P < 0.05 ) KA ESH T ( Correlation
analysis ) B L3 SLl BRALYE B . 07 W0 PR 9 . Il
TEE . IR W A Wy o RV 2 0 T A i L AR
KA1 CUE By, I F Origin 2019 F 1744,
H R4.2.2 1) “corrplot” A3iE4TH I 20 #1 -2 il
HE,

2 4 R

2.1 TEERIBASFE

& 1 AJLUE , BAPRES & & 13 pH . SOC.,
TN Fl DOC fAfE 25 7, Hrh, WEA LT 14
pH B KIS 5 & B HHER E %K 31.3%, {3 SOC,
TN 1 DOC #1435l A1 KA k8 48 5 2 18
60.8% . 41.5%F1 344.9%. WifpiEA % E HHE TP &%
WEFHARE, WEAKEHENCPAIN:P
BANRERT 1130 8w 42.6%F1 26.3%, 11 C © N
ZRIFARE . AKERKT LR 0.05~0.002mm
PR E S THE A KT L, W< 0.002 mm
BLAEAI> 0.05 mm BifE & EEAHI .
22 TEBEEFRUMEESSEINREE

WEE A KT ISt Ca. Mg DAIRIFEAS Al
(Al) ¢ FrEBA A KT D EFFT 91.3%. 93.8%
1 26.9%, {HAESEEL (Fe) o, JEMEE (Al) &
OIRAEE HEREFE T 133.3%M1101.1% (E 1),
WEAET LML Ca, Mg (CatMg) 5
(Fet+Al) ,. 28tk Ca, Mg (Cat+tMg) 5 SOC Al
(FetAl) 45 SOC MWLM A KA A B LD
FIRAK 96.5% . 95.2%F1 46.9% (18 1), HEEHEE
+ 3R (FetAl) o 5 SOC L. OC-Ca/Mg Al
OC-Fe/Al HIE A KA K E TR ERE T 38.4%.
93.1%H1 57.1% (& 1),
2.3 TIEEEME

A KE KB L HERRAE A CH (AG. BX.
CBH )., AMEHAHICHE (NAG, LAP) FIBERH G
figiEPE (AP) ¥WRZFMNTHEAELEE L1 (B 2),
PR T 91.2%. 87.6%. 63.8%. 67.9%. 68.3%
M 76.7%. £ K FEEJE AR B T3 A A A
(PER) fFEREESR, ANKELRE HHEHIEE L
BT 71.8%( & 2), il A fLEE PPO )
THEES
24 TEREVMEWER PLFA 18R

PR & T A MBC Al MBP Y7716 i 2
25 (F2), Hh, WEAkEHERN MBC B A
KA K% E R 32.9%, i MBP HIFE(X T 37.9%.
WHALKBLENF :BMG : GRERTAKA
KB WREEA LK E LR PLFA B, B .
MR G R A S BRI LR R PR
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Table 1 Basic properties of the tested soils
Ei=gn HIRAEKRE 4 WA KT L

Index Limestone developed soils Clastic rock developed soils d
pH 6.29+0.24 4.3240.20 <0.01
+ A MR SOC/ (gkg") 54.27+8.08 87.27+15.86 <0.01
2% TN/ (gkg!) 4.61+0.86 6.52+1.61 <0.05
2B TP/ (gkg') 0.55+0.16 0.59+0.14 >0.05
HIREA ML DOC/ (mgkg) 230.16+27.46 1023.96+51.02 <0.01
WAL C:N 14.00+2.56 15.88+2.25 >0.05
wEk C - P 274.10+85.86 390.88+58.05 <0.05
ABELL N : P 19.54+4.56 24.67+2.20 <0.05
<0.002 mm /% 16.58+4.03 19.31+4.48 >0.05
0.05~0.002 mm /% 72.75+3.06 65.95+2.79 <0.01
>0.05 mm /% 10.66=1.25 14.74+5.55 >0.05

TE: RPEES TIMHE « fRfER" . P<0.05 RARPIRI LA & E L2 MAFE 25, P<0.01 R PR BA & & Lz bl

TEW B FE 225 . TE. Note: The values in the table are the “mean + standard deviation” of five experimental replicates. P<0.05 indicates

a significant difference between soils developed from different parent rocks ( P<0.01) indicates a highly significant difference between soils

developed from different parent

rocks. The same as below.

T 1k % & 3 Limestone developed soils
I 77 2% 75 3 Clastic rock developed soils

~ 30 30
g Lo
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[ZROR sokok £ e o
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‘\:‘\:\ g =0 °
= 5] r e =
z [ = -
kK 5 2 s
o -
R3]
2| 0
1.8
o L e ©) 0.30
45 S 15+ @O
=2 L S 2
S o = @»
©n oS |O R
L2570 23 s
SET P35 g
& gTv 0.9 ok E 5 8
e 2 B =2 2
S22 RES
wg s oo : czt
B g B S E
g & 031 & E
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(e 1e0C .50C .50C
(s M) (¥ (Caﬂv\\/\%) (Fe Ao ger A

S
e T

L b .
- *%

OC-Ca/Mg OC-Fe/Al
PEERLE B ASATHL BRANES A S 1T ML
E—

A\:SOC

<oC
OC_CarN\%SO

chd

CRRT R s SRRORMREEE R H £ A P<0.05. P<0.01 Fl P<0.001 K R BE, TH. Note: “*”,

Cp?

and “***” indicate that soils developed from different parent rocks are significantly different at the P<0.05, 0.01 and P<0.001 levels,

respectively. The same as below.
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Mineral protection of soils with different lithological development
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Fig. 2 Enzyme activity of soils developed from two different parent rocks

x2 WHBELELIEMEYEMETN PLFA 55

Table 2 Microbial biomass and PLFA of soils with different lithological development

Eizg ARERE LI WEAEE L%

Index Limestone developed soils Clastic rock developed soils d
Y YR MBC/ (mgkg ') 1080.38+121.15 1435.80+167.89 <0.01
EYEYRA MBN/ (mgkg ') 141.90+21.03 161.98+20.72 >0.05
e YR MBP/ (mgkg ') 56.99+14.07 35.36+13.31 <0.05
JBERENG U ER Total PLFA/ (nmol-g ') 415.13+125.81 268.34+40.75 >0.05
4B Bacteria/ ( nmol-g™) 363.31+160.74 229.07+37.28 >0.05
BB Fungi/ (nmol-g™!) 51.83+21.35 39.27+3.94 >0.05
FRHMER GY (nmol-g ') 126.58+65.01 122.98+24.14 >0.05
HL AR G/ (nmolg ') 149.82+61.63 53.11£9.85 <0.01
Jk @ Actinomycete/ (nmol-g ') 86.91+38.37 52.97+6.70 >0.05
FAMEIL F:B 0.14+0.01 0.17+0.02 <0.05
FL RAMEREBAMELL G G 0.83+0.16 2.34+0.43 <0.01
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