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Abstract: [ Objective] Forest ecosystems are the largest carbon pool in terrestrial ecosystems, and forest soils are
the largest organic carbon pool in terrestrial ecosystems. Soil organic carbon (SOC) is an important component of
the carbon pool in terrestrial ecosystems, and plant- and microbial-derived organic carbon are the key components
of SOC. So, an advanced understanding of the effects of forest types on plant- and microbial-derived organic carbon
is important. [ Methods] From three types of temperate forests: Pinus densiflora, Robinia pseudoacacia and
Quercus acutissima, 0-10 cm mineral soil was collected to analyze the contents of lignin phenols and amino sugars,
which are biomarkers of soil organic carbon of plant- and microbial-derived organic carbon. Also, the basic physical
and chemical properties of soil, and the community structure and activity of microorganisms were investigated.
[ Result] The soil total amino sugars, amino glucans, amino galactose, and cytosolic acids were significantly lower
in P. densiflora than in R. pseudoacacia and Q. acutissima, Also, the bacterial, fungal, and microbial residue carbon
was significantly lower in P. densiflora than in Q. acutissima and R. pseudoacacia, and the content of microbial
residue carbon in R. pseudoacacia and Q. acutissima was 1.9 and 2.3 times higher than that in P. densiflora. The
contribution of microbial residue carbon to SOC in R. pseudoacacia, Q. acutissima, and P. densiflora was 56.79%,
57.41%, and 52.55%, respectively. In addition, the content of fungal residue carbon was 12.76-16.56 times higher
than that of bacterial residue carbon, and its contribution to organic carbon was much larger than that of bacterial
residue carbon. Furthermore, it was observed that the content of total lignin phenol and its three types of monomers
(V, S and C) followed R. pseudoacacia>Q. acutissima>P. densiflora with, the content of total lignin phenol in R.
pseudoacacia and Q. acutissima being 3 and 2.8 times higher than that in P. densiflora. Also, the acid-aldehyde ratios
of Vanillyl-based ((Ad/Al)v) and Syringyl-based ((Ad/Al)s) in the soil of R. pseudoacacia were significantly higher
than those in Q. acutissima and P. densiflora, suggesting that the decomposition of soil lignin was higher in the R.
pseudoacacia.Random forest model predictions showed that total nitrogen, organic carbon, total phosphorus, pH,
and xylanase were the main factors affecting soil microbial, bacterial, fungal residue carbon and lignin phenols.
Following the structural equation modeling, it was recorded that soil physicochemical and microbial properties are
latent variables that have a strong influence on soil microbial residual carbon and lignin content, [ Conclusion]
Our results indicate that microbial growth can be promoted by improving soil nutrients and microbial properties.
Eventually, increasing microbial and plant-derived organic carbon content and contribution to the SOC pool in
temperate forest management can maximize its carbon sequestration potential.
Key words: Temperate forests; Soil organic carbon; Microbial residue carbon; Organic carbon of plant origin;
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T AR e IR AR P i oy B A R A i B AL R R AR, 3 U B AR R B A
TEA WA REFE, RIAEYDIRER . B IRA HLER AR A HLR 2 38R A ALK T
PN EEA G, EEE AR ENA R R 2 R AR, K Y
T2 i TR A R A iR AR T B DR TR 50%8) SOCE). [Alith, Ak ik A4tk
AT RERTA AT LB AE 358 KA [ £ R 4 S BR/E R O

TAERARNE DY SOC 1 ERIFFF S A BAE L3, A 3Rk sh A v A 596 DS
PERID . S M) 12 A% F SRAE A M 5 AR B (1) A= A 5 080, T 338 v /i 0 ot o o
ERRA IR A &R A 4 B (Glucosamine) . Jiid A% R (Muramic acid) . % % 2 7L b
(Galactosamine) FH 2 3 H' 75 B (Mannosamine) . 1 i B i A1 2 J55 4] 225 0% 2 0106 20 B A0 G BR
BA & 5 IRMP), Glucosamine/Muramic acid 7] PAZRAE BB A4 b % 384 ML AR R 1A
XPOTERIO. AR K E AERE ) A RE B R, A AR E T 15%~30%, SRR
1325 (Cinnamyl-based). 27T 5 W} 25 (Syringyl-based). 7 FLIEH} 2K (Vanillyl-based)t 8 Z5
4, VRN YDIRA WU ) AR s E 00,

M7 202, TRTE YD B N SR e A o S5 0402 52 M it A IR AR A0 YR A BT AR
RMFERZE, H, AIWNE BEESHEEEEME G, HEMSERAR I 252 35 BAL 1
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1.1 AR X #ER
WAL T I R A ZE 4 (36°1521"—36°17'50" N,  117°04'30"—117°05'44" E), =il
R AT R 50 7 N I8 K (Pinus densiflora) M. HIFE (Robinia pseudoacacia) WRFFEER
(Quercus acutissima) Mo 1ZHJE TR RREMERIE = AR, U508, R EZR.
PRSI 13 °C, SRR KE 700~800 mm, FENIEFEH 200 2 K. Mo HEAMESL WL
1.
1 ZMHRIEXRER

Table 1 Basic characteristics of three forests

, i J 7
bk itk Bafe Breast WIS WE Mif cﬁsz
. . . y
Forest type Altitude/m diameter/cm  Age/a  Slope/ Aspect density/%
VN N
A A s " » - - "
P. densiflora
|
Wik 103 y y y - .
R. pseudoacacia
JFR R AR

Q. acutissima 422 32 30 32 [l 42

1.2 TIERESEXBUMRNE
FEAPART S A E 6 A 10 mx 10 m PIAEHE, BN A1 IEE B AMIK T 100 me SRA S
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TEBUREEAE S FEH A BEALIEE S M B, FAAEN S om BESRERE 0~10 cm B8, I
SA RUCRAE M) LT IR A S — R G AT A H R B =N . KX 3 AR TR
6 ML P EL T 18 A HIERE SIS 2 mm TIER S, — B0 7E S PR IR S X TR
Wi AR R e IR I, 59— B0 7E-20 °C T ORA7 T 2 - 3 A i
TR LG S g i 1 o

M pH e T4 pH(E/KEE 11 2.5). RATCER TN E T 54 HLER(SOC) R4 4
(TN) & 2ZMEFTHeH 1 mol L 5 Eh IR 2 R IR e T3 DL LB Te LBk . FH 4> B Bl b 52 25 #r
A E + 3 NH4-N Al NOs-N FIf5 i (AP) & & . SRS EZ 0.5 mol L' — iR HIZ 2
IE IERE ) D R (MBC) & i . 45 R ILEK 2.

T2 ZMETHRMRTIEEARMR

Table 2 Basic properties of three temperate forest soils

= ,
PRIRR 5 HLR 28 A = NO;-N/ NH,"-N/
Forest t SOC/(g-kg") Total C/N ratio Total P/ (mgkg')  (mgkg)
orest type Ngke") (ke
ZINVAIN
. 9.68+0.55b 1.04:0.04b 9.31+0.26b 0.13+0.05b 19.22+£3.08b  5.5140.36a
P. densiflora
PR
. 21.19+£2.68a 2.05+0.25a 10.45+0.54ab 0.30+0.13a 50.23+4.47a  5.60+0.74a
R. pseudoacacia
ﬁ*ﬁ‘\.*ﬁ 18.13+1.73a 1.71£0.14a 10.60+0.32a 0.31+0.13a 28.96+3.22b  6.21+0.65a
Q. acutissima
e AR GCEIEDIR Bk Bk
Available P/ pH Microbial biomass Sand/% Silt/% Clay/%
Forest type (mg-kg) carbon/(mg-kg™) ° ° y/7o
VALV
. 2.97+0.26¢ 5.02+0.05a 47.39+8.28a 29.55+1.77¢  53.54+1.20a 16.91+0.72a
P. densiflora
il
RIRLAR . 9.45+1.38a 4.50+0.07¢ 32.28+2.61a 39.85+3.55b  37.2742.78b  12.88+0.83b
R. pseudoacacia
PBRBR AR

0. acutissima 6.52+0.32b 4.71+0.08b 39.94+2.75a 57.88+1.81a  29.19+1.25¢ 12.93+£0.67b

W CPYMERER (n=6). F—THEMATFERREREEP <0.05). Note: Mean = SE (n = 6).

Different letters in the same line indicate significant differences at the 0.05 level.
1.3 E TR A RN E

SIEPE RSN E U8): s RIS (4 T 0.3 mg N)JIA 10 mL KA 6 mol- L' /)
HCL 7£ 105 °C FKfi# 8 h, KM ANA 100 pL ULEE, EIE/51H% pH £ 6.6~6.8. AL
TAAE R o FA AR, A AU IR OGIT 8. MER) 4 Mra R A o R L &
B% (Glucosamine) fifl B i (Muramic acid) « 2 % ¥ 7L B (Galactosamine) A1 & F& H % bl
(Mannosamine).

FL DA AT 23 1) E 2 2 W R B IR E L T B AR B, TR R AR R O
R AT B A AR B S A, AT

FR =(GIluN/179.17-2xMurA / 251.23)x179.17x9 (1)
BR = MurA x 45 (2)
MR = FR + BR (3)

A H, FR. BR. MR. GIluN Fl MurA 735l N B R AR AR TR AR TR AR . &
FEH R PEA B R (mg-kg): 179.17 F1251.23 43 R S AL AT A U BERR I 2> T, 9 A
S 25 W B B R AR ) M s R AT R AN T R IR ) 4 S PR BRI L 2 ¢ 1
45 2 JIRE TR S 240 B bk A 1 B A
1.4 EYIREE NN E

AR R IS BCNIED: K 500 mg BT IHMEES, KRN 100 mg /S/KEHR
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FRP K%L 500 mg A ALHF] 50 mg #iZ&FE, B/ 0.4 mL100 pg-mL' Y L LA B
W, 15 mL KN 2 mol L A SEALENIA T, ZEMASF: 2 h, ¥ LG pH HER
1.8~2.2, FIEAANAN 0.5 mL K ZFRVAEW . 0.1 mL X =9 Z BT 0.05 mL iEiE, 60 °CHTA:
10 min, A% %R 508 HSH O CGHTIE . o VIRE ). S K(THHEHM CH
(PREIL) AR B R R RIAEAR R RS 2. [FIR 5 V 28R S 5 R/BE LLAE((Ad/Al)v AT
(Ad/AD)s), FTANTEAR B 2 PR FE AL
1.5 MEE R LM R EEN

T IGEBR A W TR 2H R P T i D RV R AT 0 AT 200 B 3 g R T R8RS, N 20 mL
PRGN - B - AFEIR=1 : 2 : 0.8) MR, I LiEWIRA, SR HZEWA 37 °C
WZ 1 mLs P4 & NERAT R EESEEL, A 0.2 mol- L (1) KOH FH B H 24 1%
Jig LA B R 2 H B {3 FF G5 MIDI Sherlock #4:9% 58 2 48 1S (11X (A gilent 6890N,
USA)MSE o

KA 96 TUFLAR F I eik I i T3 IO AR Y IS NER TS 1, BLFE B-1, 4-F ETFEEER(BG)-

BHEME(XYL) B-1, 4-N- £ 1 28 5 1 %1 bl H BB (NAG) 5 24 IR 2 55 Ik g (LAP) Ak iR 1l

(Phos). A= ZMBEHREERURTE PRI 58 2 BEOSCHR[2 1)1 77 B MR A = 0N:

V=Vv_[S]/ (Km +[8]) (4)

max

X, VONBEEETE(mmol g hl): S NIRMIKIE: Vi NI KEFHENE: Ko NEHEAE L.
Vinax F1 Kin £ GraphPad Prism 9.3 #44 FF FH -6 E T 0~1 h 803 1~2 h 9O ZE T
(CEIP
1.6 iR E

WIS 2 A i 72 A SPSS B LR 3 07 ZE 0 M, 0 Bl #EAT O 22 S5 VE R IG AD KR 1
(Duncan) 7 ATy L6 T 2 B L EE, KA Pearson AH <M FIBE ML AR AR T 77y 5% 1= 35 #4 b 14
F A S R K Dy BE -5 I AR AR U5 A DK B AE 5 5 SR AR 0 B SR BEAT 7). BEALARAR
R R(4.3.1)18 5 F A “randomForest” fl“rfPermute” F& 7 L AT 0 b1 3T 450 7 FE S
I (Struc-tural equation modelling, SEM)J3 7 33845 & AU AE W) &8 14 52 W it 2B 0 R A ik AR
JREY & AR EEAE . P < 0.05 NEZEKE. HEUSEPIEARE RN = 6)1 7 &
No

2 4 B

2.1 WEMFKAEK

FUREARS RARARFN AR AA MR LI R R AR . EE AR R S R ER B E .
PRI G A . EE R I A PR EE R I & iR 523.6. 233.5 Al 12.2 mg-kg
LAy BRI AR I 44.9%. 36.9%F1 31.6%, ERRARMIEN) 54.1%. 47.8%F1 27.2%,
FRFa AR 3 R SRR 1) A B B IR TR AR RBRER AR (B 1a)o FRAAMR B S A hE 5
FE BRI L B3 S T A M AR R T, B AR IR AR A PR T IRAR AR & T IR AR,
TE = FhARbR o S A b S P R ER W LU 238 22 5 (] 1) SRASRM 1338 v Rl 2B A e Ak it
L SR A A S i T LA AR IS, A AR RRERARFIARAA MR 1.2 5. 2.3 f5F0 1.2
5y 2.2 4%, ARFAPRAN B TR ARRR M2 B B K T H AR Fh R AR ISR, OB SR I AR AR =
TRBRAR R T ARAAMRE 10)e =PRSS BIGIAEND . F0 TR AN GH TR 7R A A0 A HLBR 1 DTk 9
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52.5%~57.4%- 45.6%~48.5%H1 5.7%~11.8%. WRAERIR LI TE 5% A bk 5 B HURK 1 LR 2 35
TRIBEARFOARFAAR,  TE = Fh AR B A Gl AR 5 A e 5 A AL AR L B e Ak e 5 A LA T L
HEAH EEZ 7B 1d).

a) [ ] F5¥#R P. densiflora b) a
2000F 2 VA WA R. pseudoacacia ]
= b [ ] BRERHR Q. acutissima l
;‘J 40
g 2 b
s w s ]
= a 3]
§ £ 0 HE ?X/
S 1000} g
ﬁ 5 T % 20
£ a
4 ¢ b
g
E c
c
a b b
0 A Z A _b—l__atél_. 0 [ L l
HEEE EEEHE SERAE 0 RER BEMER AL LI SEM AR AR
Total amino sugarGlucosamine Galactosamine Muramic acid Gl ine/Gal i Gl ine/Muramic acid
HEEFEF 2 Amino sugar types T YAk 4 i Microbial residue composition
‘Tw c) a d)
-
)
E a Y a 80
> J
ﬂ £10000 ZI7 Jf <
E b S
=) = a a
-G + & 2 a
£ 2 BE | 4 7 4 =S h
= % 2 517
] @ b © 401
4 = s000f ¢
8 3
2
2 a
= a a
S b
= 0 4 0 L A
FUETRAB R PEMBRAR HERABRANBR  FERARAVIR BEWFRARANR
Fungal residue C  Bacterial residue C Microbial residue C Fungal residue C/  Bacterial residue C/ Microbial residue C/
SOC SOC soc
WAEYIRARTE RS Microbial residue carbon types PEYIRRARSHE ALBR B TR

Contribution of microbial residues to organic carbon
H: ARNEZRRRESHENE 0.05 KF EZF R %, Note: Different letters indicate significant differences
among forest types at the 0.05 level.
BT AR R &N & & (a) YRR AL (D) TE B AR B 5 & (o) IR E P B Ak X A AL
T R TTHR (d) ) 22 AL
Fig. 1 Changes in amino sugars content(a), microbial residue composition (b), microbial residue carbon

content (c), and contribution of microbial residues to organic carbon (d) in different forest types
2.2 EYEB K

IRAMRA R B . T A A A RE IR 2R A& 40 0N 65.9. 16.9 F1 16.7 mg kg, &
R FIRRAR 3811 36.9% 19.3%F1 47.9%, A& MRARAKTIER] 40.5% 19.6%H1 53.1%. HilFik
PRAFRERAR B A R B & 222 & T AR, R APk 3 5 H0 2.8 %, gk
U FRAR 25 BRARAR 0 T R R (B 2a)0 FRFAMRS JRRAR AN BRARAR 1 (Ad/Al)y BB 53 3R
0.79. 1.07. 0.77, (Ad/ADs [FMEZ A8 0.81 1 F1 0.77. RIFEIR(AA/Al)y FI(Ad/Al)s FIE 5
T ARARFRRERAR,  ELAE ARAAMRAIBRBRAR i 535 22 (B 2b)e ARAAMR 58 T A 5
T2t SOC [ DT ik . 35 (1 T HIARARFIBRARAR,  7E = Fh AR B o B R Ly AN AL 19 28
X SOC WInT BRI A w3 2 7 (B 2¢).
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400
a) 5 [ ] KHMHK P. densiflora 12l b)
KIBEM R. pseudoacacia ' a

D 7 [ WRERHR Q. acutissima a

o = [

Za0} 5

2 NN 7

¢ b
bl 2 % §,, 0.8} 1 ITJ lf T
g g a o E 1

S 200} a & =
#e = K5
%5 =
X 2 25

= b a g §0.4-

= 100} 5}

o0

2 b a

2 ap
b
O EAREm FRERE KTAERE REEGX N g TEEmENmEL  TEENSIRE
Lignin phenols Vanillyl Syringyl Cinnamyl (Ad/Als (Ad/Alv
R REFII Lignin phenol types KRR RREEL. Lignin phenolic acid aldehyde ratio
©)
a :IL
8t . 7

§ +

g
£:
K E a

g a

S 4l

| %

0 FEBEMI/FHRET FEBFE/A IR AEER AP
Vanillyl/SOC Syringyl/SOC Cinnamyl/SOC

BRI BB TR

Contribution of phenolic monomers to organic carbon

W ANE/NSFREFRORTESHAEITE 0.05 KF EERE%. Note: Different lowercase letters indicate significant
differences among forest types at the 0.05 level.

B2 R RBRT AR R & B (a) AT W A T FEE (b) 1 1) 25 B0 4 A5 LK ) 57 R () O A8 1k
Fig. 2 Changes in lignin phenol content (a), degree of lignin degradation (b), and contribution of
phenolic monomers to SOC (c¢) in different forest types

2.3 WMAEMKRANENESN RS T EXFHRRMEINXR

TAEPDFRAER(MR) LR BR(FRM A H 5 A 5%(BR)S pH 2 RE fAHK, HARK
PEBE(XYL) BERREE(Phos). B-1,4- N-Z B FLH A HE 1 EE(NAG) B-1, 4-% & Wi BE(BG)
TIEH PLKSOC). £ (TN). 2 WE(TP). 4l i (Bacteria). H B (fungi) 2 & & 1E A K(P <
0.05, Kl 3a). MAEM(VSC)S pH £ EEMAHK, 5 XYL, SOC. TN. TP. Bacteria.
fungi. Phos. BG 1 LAP 2 &3 IEAHX(P<0.05, K 3b).

BR )& & 22 TP. TN. SOC W& M XYL 3G FI5ema,  ARx E Z 407 23.63.
22.68+ 22.56 F1116.02%([&] 4a). FR & & FEES TN, SOC. pH M XYL iETERI M, AHXT
EEM AN 29.37. 24.99. 2422 Al 19.02%(/4 4b). MR &= EESZ TN, SOC. pH.
TP &5, X EEMS RN 30.28. 24.61. 20.84 F1 20.84%( 4c). VSC MI&EE
B3 SOC. TN, pH. TP & & MM, AHXTEEE 75008 30.79. 19.74. 14.09 F1 14.06%(
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4d).
0 b
1
w- PO000ec000000 w«@POPO0000000O
W 900000000000 N |- 9 0000000 O ol
BR |08t 050 o @) - ‘..
e0cc00 oR. i O OOOODO® o[
s 170 007 1P O DO OO OO S ©
; w0 0OOO®® ||
fungi 0.4 063 063 039 e | @) @ B @ @ @ @ ® -
. NAG 067 | 064 wme @ @ .. ®é
N L X X ) 0 o L.
NAG 00 050 0 007 06 0 e & O @O @ © @ Lar 057 ot | oa0 oo |05t | e | @) | @) @ | @
0 0
LAP Lar [ X XC XYL [ 075 | 075 | 0.88 | 066 | 05 XYL .... ®
079078 | 070 | 0.75 | 0.88 | 0.66 | 0.55 y 02 02
XL |07 078 070 033 038 - 0000 e s 072 01 [ 071 01 0 02 000 e @) @) @) @
Phos [ 074 [0.72] 0.71 | 081077 | 0.71 | 0.79| 0.72 | 069 | phos ..
L L 04 soc | 091 | 082 | 082 | 068 | 063 090 | 078 | soc ... 04
S0C [0.92 091 081 082|082 | 0.68 | 0.63 090 078 soc ...
06 TN | 087 | 076 | 097 | 0.63 | 05 090 | 073 | 097 | TN .. 06
TN 091|090 | 078 | 0.76 | 0.77 | 0.63 | 0.59 050 073097 v (@) @
TP [ 0.88 | 0.86 | 0.86 | 0.76 | 0.62 | 0.70 0.73]0.71/ 090 0.86 T . 0.8 TP 079070 o 070 073 | 071 090 | 086 | T . -0.8
PH [-078 -0.78 -0:62 -0:44 052 L0:47 20442 071 071 0:66 ptt , pH | -0:66 044 052 04 40071 =071 066 pH ,
FEFF LI EPLIR NV FF R CO® e L LR EE R
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Fig.4 Random forest modeling of the effects of soil physicochemical properties on bacterial residue carbon (a), fungal residue
carbon (b), microbial residue carbon (c), and plant-derived organic carbon (d)
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Fig.5 Structural equation model analyses of the factors affecting microbial residue carbon contents(a) and plant-derived organic

carbon (b)
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