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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
130-H20 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)o) 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, (Cat+Mg):(Fet+Al)o, (Cat+Mg):SOC,
(Fet+Al)q: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
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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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_ f'pNAXDNAproduced 1000
C rowth — (1
g WDxt

A, DW NI (g)s ¢ NEEFRITTE] (h); fona NE T, BIGIAEY A P&k (mg kg
Y 5 DNA WEERIEE (pgg™ o
%ﬁﬁztf}%n¥l&ﬁ$ (Crespiration, Mg'g_l'd_l , BLC -H‘) %%/ji\‘y‘j
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TEVE SUEY R E AR AR A SR AR E R A A 22 57 (P<0.05). SKHIHHR
PE53#7 (Correlation analysis) BAffi HIEFEANBALIE ST 07 W0 IRIF . BEVETE. UM Y EA
BV H S AR . A KA CUE HIs2HR, FFH Origin 2019 B FE4T4:M . FH R4.2.2 1
“corrplot” CLIHAT I 53 B I i T o

2 45 B

2.1 TIREREIBICHHE

hm#E 1 WTUUE L, PFEES K E 3% pH. SOC. TN Ml DOC 7/ & %5, Hrp,
JEE R E 138 pH B KIS & R B 3R PFIC 31.3%, {H SOC. TN Fl DOC 143 58 A K
ERE TR ERN 60.8%. 41.5%F1 344.9%. WFEHAE KB HE TP SEERIFAEE.
B E KA IR CP AT NP BoA K e kKB IR Z IR A 42.6%1 26.3%, 1 C:N Z 57334
V3. AXRERE LR 0.05~0.002mm Fife & & 5% m T E A K8 13, 1f<0.002mm
Fr A2 F1> 0.05 mm KRS R AR .

#F=1 AT REABPMR

Table 1 Basic properties of the tested soils

fabr FIRERE L4 WiEE R E L% P
Index Limestone developed soils  Clastic rock developed soils

pH 6.29+0.24 4.32+0.20 <0.01
THEE P SOC/(gkg™) 54.27+8.08 87.27+15.86 <0.01
4% TN/(g-kg™") 4.61+0.86 6.52+1.61 <0.05
4T TP/(g-kg) 0.55+0.16 0.59+0.14 >0.05
AR P DOC/(mg-kg™) 230.16+27.46 1023.96+51.02 <0.01
AL C:N 14.00£2.56 15.88+2.25 >0.05
gLt C:P 274.10+85.86 390.88+58.05 <0.05
AL 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

I RPEAE R CFHEEFREE . P<0.05 FRPIFEEG KB IR MFAERE LR, P<0.01 ZRPIFEES K E LI A
Wi % Z 5. FIA. 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.
2.2 TEBESTRUYMEESENREE

WIS AR E TR Ca. Mg PLEIFEDS Al(Al)g S REANKE KE TIEEEFIK
91.3%- 93.8%F1 26.9%, (HAE S E (Fe)o- EMSHAD A KA RE LIERET & T 133.3%
101.1% (B 1), BEEAE KRB LR Caw Mg (CatMg) 5 (FetAl)o. Z#HtE Ca.
Mg (CatMg) 5 SOC Fl(Fe+Al)d 5 SOC HILLAE A BA KA R B L3R E K 96.5%-
95.2%F1 46.9% (I 1), B85 KB L1EMI(Fet+Al), 5 SOC KL . OC-Ca/Mg F1 OC-Fe/Al
HEAKAERE LD ERE T 38.4%. 93.1%M1 57.1% (K 1),
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The 7 ann ) i SR RORPIAREE R LIEFE P<0.05. P<0.01 1 P<0.001 K EEFREE. T
[, Note: “*” , “#x” gapnd “***” 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.
1 AFARES K LRGSR D IRy Rtk
Fig.1 Mineral protection of soils with different lithological development

2.3 HIREEEN

ARERE LEHAGIAMEOCH (AG. BX. CBH). AEHAMHCH (NAG. LAP) Flfif
TEAAR KBS TE (AP) MR FMMTHEEE AT L3 (B 2, 2K T 91.2%. 87.6%-
63.8%. 67.9%- 68.3%AM 76.7%. 1 XKEMIE A K E LT AN (PER) f71E5% %
5, AKERE LREWE R E LREERICT 71.8% (& 2), Mm% Ll (PPO) L&
HIETt
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[ fi %5 % 7 3% Limestone developed soils
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Fig.2 Enzyme activity of soils developed from two different parent rocks

2.4 TIEMEIEE K& PLFA E5F5

PP RES K H L3 MBC fl MBP ¥fPfE R E 2 R7 (£2), Hh, WEEKE LIEW
MBC B KA R B LR E 32.9%, i MBP IFK T 37.9%. W8 KA LK FB A
GG EE = T AKEKE L. WS K E L3800 PLFA S8 HE . 9w & 2 UL G
RAHE GBI LR EZESR . WMEEE KT LIRMAEMR AR B EZR, HPHEEKE
TR FB M GHG HERE KT RKERKE LK.

® 2 AMEEELE DIRMEYEYERM PLFA 1515
Table 2 Microbial biomass and PLFA of soils with different lithological development
ks ARERE L35 B AR E L% P

Limestone developed  Clastic rock developed

Index
soils soils
A A E K MBC/(mg-kg™) 1080.38+121.15 1435.80+167.89 <0.01
AP AR MBN/(mg-kg™) 141.90+21.03 161.98+20.72 >0.05
AE AP MBP/(mg-kg) 56.99+14.07 35.36+13.31 <0.05
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MWEAR i EE Total PLFA/(nmol-g™) 415.13+125.81 268.34+40.75 >0.05
4 Bacteria/(nmol-g) 363.31£160.74 229.07+37.28 >0.05

H# Fungi/(nmol-g) 51.83+21.35 39.27+3.94 >0.05
2R GY(nmol-g ) 126.58+65.01 122.98+24.14 >0.05
22 KRR G/(nmol-g) 149.82+61.63 53.11£9.85 <0.01
LR Actinomycete/(nmol-g™) 86.91+38.37 52.97+6.70 >0.05
HFEAMEL F:B 0.14+0.01 0.17+0.02 <0.05
FZRMEREPIMTEL GG 0.83+0.16 2.34+0.43 <0.01

2.5 HIEMEPE RN GHER

mE 3 s, AXKERKE LESHE SRS TENMAEEKERGFAEREZER, B
WhEaERELIEEZTET 80.6% (P<0.01). HAKAEKRKE HIHEHE S KT IR
Wy R R A BB PR T 58.1% (P <0.001). T i A WEi s 22 A1 CUE 78 W fh 182
B ZFIEAEZE (P>0.05),
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Fig.3 Indicators of microbial C metabolism in soils with different lithological development
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Fig.4 The Spearman's correlations between microbial biomass C metabolism (growth, respiration, CUE and

turnover time) with soil physiochemical, mineral protection and microbial properties
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