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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 12.8-16.6 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; Microorganisms
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I H BTk T ik 50%09 SOCP, Mk, A Wk 4
e T RE X A7 ML B 7E 1 b (9 < 0] 1 77 4% G B AR
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EYIBRIRE S SOC By B B R FFFLL LRI
e, eI R S A R S E T,
IR 12 RO PR AR A b
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FERPEMEP) Glucosamine/Muramic acid 7] DL AE B
TR RN R AT - S HLBR B B A A TR, AR
Ty 7E A8 W) 40 BE vh S R, A AT
15%~30%, FFEREFEEZE ( Cinnamyl- based ). 58T
FHREZE (Syringyl-based ). FHIEEZE ( Vanillyl-
based ) 3t 8 LUK, VENAHYIIEA MUK 1Y A= Py bRk
i

R R U AR A
A5 I ) Bl A A EURIAR ) VR AT BB R R A R
2, Hrb, HUPIE EE SRR G, HAEPEE
RIS 23500 AR PE IR ORI R R A 4
o] T AR TR, R TUR i AR
RTRIBZ IR OV, AT 5 30 A M AR AR B R T R
Wy i 1Y 25 5 o AH - SR W o0 A R TS ) R e 26
R AL BRI BRI AU, i,
RIS R AR B 2 B Ay A9 A HLYD G Ak R 3 A= 1
IR Wy I8 AT BILAS X b 337 ML 1) 7 ik A JHE 52 iy (R
T, MW A LR T ORISR E B G B

TS AR AR AR 5 AR A S R GE 1Y 40%T SR T

ST AR L BB Yy R ) IR DL A - 1
AR B R e AL AN T . I, AR SCERE =
Fof LR A AR IO BFTERT R, SR R WE A 5T
2R B 0 A R A T DR AT HILBR R ) DA HL R B AR
PIkniE) , OB =il ARk L S W A M A
PUBR 925 5%, frn HAERIHLEE, F R XA S8
A DU RS i R AR, B AR AT L
ARMAE R S FNAE R 2 Rl A e S 4%

1 MRSk

1.1 SRR

WG AL T I R # LT (36015217 —
36°17'50"N, 117°04'30"—117°05'44"E ), = Fli LAl
TR AR 3 A A5 ( Pinus densiflora ) ¥k, Hil
¥ ( Robinia pseudoacacia ) M F1 K ER ( Quercus
acutissima ) Mo % HbJE TR B 2 1 2 XS
fieIX, WA=or0], MREZR, 24EFHSR 13 C,
- HJAE K B 700~ 800 mm, 4FE P ICFE ] 200 £ K.
MR BEAHEGL UL ZR 1,

x1 ZMHHRSERER

Table 1 Basic characteristics of three forests

AR 3K Jfij#% Breast i W Weia P Z
Forest type Altitude/m diameter/cm Agela Slope/® Aspect Canopy density/%
IRHAHK P. densiflora 438 28 30 28 [iiE]s 40
FIMLAK R. pseudoacacia 393 26 30 30 [ 43
AR Q. acutissima 422 32 30 32 [l 42

1.2 TERXRESEREBHERNE

BERRARAL 35 B 6 4 10 mx10 m (REHL, %
ARE M2 18] B R AR T 100 mo SRAH S TR EBURE
TEAFEHL N BEDLIEHL 5 00, -HINAR R 5 em -4
FAERZE 0~10 cm 1Y 58, ¥ 5 A SCRER T 58k
mn R A S — A FE A R A TCR B B =
o KX 3 ARESR Y 6 ANFE M PRI 18 A~ T3 kE
il 2 mm FIEGE, —E TR R PR SRR R
T TN . ABT R B M A A AL 5
JE, T —wBE-20 C TR T HIERMAY)
TV 5 0 B il 15 1

F pH THE £3% pH ( LKEH 1:2.5), R

JCE N E A PR (SOC) Fe% (TN)
S, MERTSE 1 mol- L' £ R 22 R iR vk 12 LA
ZBR IO . 4 A 2] Ak 2 43 A A0 a2 + 43¢
NH,-N il NO,-N R (AP) &, RAEMN
H25—0.5 mol-L ' HARHINRHRIEN 2 H e E Yk
Yk (MBC) i, 4530k 2.
1.3 HEYZREBRANE

I FEEOI . U o RS (AT
0.3 mg N JiIlA 10 mL # % 6 mol-L™' ) HCL,105 °C
FKS#E 8 h, KW HINA 100 pL WLEE, 9851
% pH & 6.6~6.8, ZELWENTA Wy 7E W s b HR U
A A TEAL AT oy B . A 4 Fh & AR
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Table 2 Basic properties of three temperate forest soils

MR A HLIK SOC/ £ BRA L S NO,-N/ NH,-N/
Forest type (gke) Total N/ (gkg ") C/N ratio Total P/ (g'kg™") (mgkg™) (mgkg™)
I/ 9.68+0.55b 1.04+0.04b 9.31+0.26b 0.13+0.05b 19.22+3.08b 5.51+0.36a
P. densiflora
R AR 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
JRBRAR 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
H A A= Wk Yy iRk
AR A hp A FhkL
Available P/ pH Microbial biomass
Forest type Sand/% Silt/% Clay/%
(mgkg") carbon/ (mgkg ")
I/ 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
R AR 9.45+1.38a 4.50+0.07¢ 32.28+2.6la 39.85+3.55b 37.27+2.78b 12.88+0.83b
R. pseudoacacia
JRBRAR 6.52+0.32b 4.71£0.08b 39.9442.75a 57.88+1.81a 29.19+1.25¢ 12.93+0.67b

Q. acutissima

e PR ER (n=6), F—fTHEHEFRERRZEFTEE (P<0.05), Note: Mean+ SE (1 =6) . Different letters in the

same line indicate significant differences at the 0.05 level.

H W) R 3L A ( Glucosamine )., fifl BE R ( Muramic
acid ), ZHFFLWE ( Galactosamine ) FI% 5 H #5 4
( Mannosamine ),

LA TR SR A0 4 J31) Pl 2 5 o 25 W R i B T
R AR AR B, A P ER R B Ay LT RN A R
m ey S, HEAXIT .

FR = (GIuN/179.17 - 2x MurA/251.23)x179.17x9 (1)
BR = MurA x45 (2)
MR = FR +BR (3)

A h, FR, BR, MR, GluN # MurA 435}y E. 5 5%
TRBk . AHTRBR AR . GUZE P aR AR B . 2 S A 4 Bl R
MiBERR (mgkg'); 179.17 F1 251.23 43 )& 44 FE 74
PR RERR (970 F it 9 J& G LA 40 0 21 IR ok
ATl R S A s 2L 5 2 b ) A R TR R 3 40 5
FROBERR Y LU 2 2 0 15 45 J2 Jf R IR 2 41 B 5 1A ik 114

S
1.4 #EYIEBAVRENE

A5 ZR B A FE BRI 2 1 K 500 mg AR
TIMAREET, RKINA 100 mg 7S 7KA R 2k 4% |
500 mg AL A S0 mg A HE, BEJS A
0.4 mL100 pg'mL ' () Z 3L A ST, 15 mL Wk JE
M2 mol- L' A AN TR, #EIM#BidE 2 h,
B FIER pH AR E 1.8~2.2, [HHHA 0.5 mL
ROV 0.1 mL A= L BEREFT 0.05 mL ALRE ,
60 CAHTA: 10 min, #1222 55 S %k
e, Hrp v (BRI, SE (THFE) fic
5 (EESL ) SR BRI RIEAR R & &t
FIRFHA vV 28R S 2R R/ME LL(E (( Ad/AL) v Al
(Ad/AL) s), HTAGTEAR TR MR .
1.5 MEYEEEMREEEE

- B MR T L R T R R 7 IR R R A T
B0 B3 g T EHERESL, A 20 mL $EBGAF
(G0 - EE  FrEEme=1: 2 : 0.8) #EHBPIR, ¥
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FWEWIRG, REHARIL 37 CRE 1 mL; H
590 PRV A7 PR R B G, 1D FH 0.2 mol- L' ) KOH
FH s VY A Bl s LAY R R T R o (6 R B A
MIDI Sherlock {4z ) % & & 48 19 < AH 3% X
( Agilent 6890N, ZE[H ) ME .

KH 96 TFLAR G E 3 HORP R Y
MAMEEG T, 045 B-1, 4-HZIRETFAE (BG). AT
BB XYL ). B-1, 4-N-Z Bt & FL 8 45 B NAG ).
SERMREILKEG (LAP) FIBERREE ( Phos ). /49
IE0 &1 it BT 6 1 00 S S R OSCRR (21709 1% o il I
P AN

V' =V [S]/ (K +[S]) (4)

L, VONEEEYE (nmol-g -h'); S AR ;
Vinax HEKEFEVE ; Ko HERFEE . Viax . K
1£ GraphPad Prism 9.3 #{FH A H-ENBAET 0~
1 h 83 1~2 h YOG EZE AR,
1.6 HiEabiE

MR 2 [] (4 22 S48 SPSS H A LR R )y 224
B, XTECHE AT 07 22 55 MR 3 FIXE 5 ( Duncan ) 43
Mrista g it Z B I, RH] Pearson AHICHEFIKE
MLARARIIIN 53k Xo) £ S AR 1 T A W 54 e i g
55 A A R ) U5 ML %) R DG 5 28 IR o) B B i
7910 BEPLARMAEEALR A R (4.3.1) IBEF W
“randomForest” fl“rfPermute” ¢ FF L ¥EA T /0 M7 . =T
2k 7 BRI ( Structural equation modelling, SEM )
A3 ATT A 3 AR i RN TR W S M R e B A A AR AR e IR
B B & i AR w2, P<0.05 R FEMEAKT
B LOF M E R ER (n=6) M XFIR

2 4 R

2.1 REMHRER

SRR BRARAR RN R b bR 1 8 v S A 2 0
RPN FIBERR 1 & i 22 5 0 3 . AR PA AR 148
W SR . RS FUNE N R R 1 4k
523.6. 233.5 f1 12.2 mgkg ™", 43 B2 HIFLAK + HE Y
44.9%. 36.9%F1 31.6%, JERRERMEIED 54.1%.
47.8%F11 27.2% , ARFARR L3 b SRS R
TR ARARRARAR (B 1a). FRFAMR R 37 45

W 55 2 UM 1 b A S R T Al AR AR 2R
R, SRR AR A MR T IRRAR A T IR AR
TE =P oM S A A 5 M RE IR 1Y) LU AT o
5 (B 1b). FIBEAR HIEh A Yy sk iRk me . FHL a5k
PRl i 0 T LA PR AR RIS, A3 R AR
MRARFAMRAY 1.2 £5 . 2.3 f5R1 1.2 5. 2.2 %, A0
MR B R A B 1) 5t Wb 3 I T LA P o AR AR A
HG SR Ry AR S TR = TR AAAk (& 1e s
SRNRRARZERLGIAE W . LR R A R AR AR B X AL
B TTRR N 52.5%~57.4% . 45.6%~48.5%F1 5.7%~
11.8% o BRAT AR rv 240 B8 5 AR i 5 A7 1Lk 114 LA Bk 25 55
FRIREMORIARASAR, 7E = Fh BRI AL h i A ) 5 A
e 5 A WL As R TR B ARl 55 A AL 1Y) L (B A ik 2
25 (E1d),
2.2 HEWEER

IN /NSRRI S B L A = B L e i
010 65.9. 16.9 F1 16.7 mgkg ™", 4352 MR AR
T HERY 36.9% . 19.3%F1 47.9%, & RRBRAK L3
40.5%. 19.6%F1 53.1%. HIHAAFRARA B BT
Ry & a3 m T ORAK, 5 IRIAARE 3 £
A 2.8 4%, BRI R IR A R T RRAR A T ok
Fabk (18l 2a ), ARAAMR . HIREARFURRERAR T (Ad/AL) v
BIEST N 0.79, 1.07., 0.77, (Ad/AL) s I{E S5
081, 1 F1 077, HIFEMK (Ad/AL) v Fil (Ad/AL) 5
AR 5 25 5 T IR AR RURRBR AR, EL7E AR A ORI R AR
P EA BEES (K 2b). dRfabh & T F&
X SOC 114 5T #ik i 2 A% T FIREAMORRR AR AR, 72 =Fh
FRARIEIY v 7 o L 2R A A BE Y 25X SOC Yot
BRI W 225 (8] 2¢ ),
23 MEYREMEMEENRS LIEALEER

AR AR (MR), ERGRIARIK (FR) FI4l
HARIARRE (BR) 5 pH B EBE AR, SRR
(XYL ). W2l (Phos), B-1, 4- N-Z P& L%
PEFFEE (NAG ), B-1, 4-#AMTEE (BG ), Ay
HLEKk( SOC ), &% ( TN ), 2 ( TP ). 4 /& ( bacteria ).
FA (fungi) R2EEIEMC (P<0.05, Kl 3a), &
ARFFEM (VSC) 5 pH 2R EFMMK, 5 XYL,
SOC. TN, TP, bacteria, fungi, Phos., BG Fl LAP
HERFIEME (P<0.05, E3b).

BR {5 £ %42 TP, TN, SOC #J & M XYL
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Total amino sugars Glucosamine Galactosamine Muramic acid Glucosamine/Galactosamine Glucosamine/Muramic acid
IR Amino sugar types T 5RAR 4 I, Microbial residue composition
©) a d)
. 77 sol.
510000} +
z %%
& b © a a
2 N
i5 5 _I_ g a 2 AT
1§ E _%_ a ]
B2 E 217
<2 ; ENa
£ 5 so0f ¢ X
Sk £
E a @ a
2 b
= /] /] .
FUA TR EIIESALN T (BGRYL TN B m&%ﬁkﬁf‘ﬂﬁk AN FRAAR AT Bk m‘(ft#’WMMk/THWR

Fungal residue C Bacterial residue C Microbial residue C

Fungal residue
C/SOC

Bacterial residue
C/SOC

Microbial residue
C/SOC

A M FR AR IS Microbial residue carbon types
AL BRAAKT AT BRI DTk

Contribution of microbial residues to organic carbon

HAFNG
at the 0.05 level.

5 FRER R TEA A B FE 0.05 K- 1 2% 5% il 3% . Note : Different letters indicate significant differences among forest types

B AR T ZEE S (a), BUEWSIRLUR (b)), BUEWFRIR SR (c) MBAFANA I TTR (d) 1
2k
Fig. 1 Changes in amino sugars content (a), microbial residue composition (b ), microbial residue carbon content (¢ ), and contribution of

microbial residues to organic carbon (d) in different forest types

TEPERSENR , AR ZEE 0 23.63% . 22.68%.
22.56%#11 16.02%( [£] 4a ). FR & & FE3Z TN .SOC,
pH FIl XYL i&E PRS2, AEXT 22000 29.37% .
24.99%. 24.22%F119.02% (&l 4b ). MR ()& & £ 2

% TN, SOC. pH. TP [&im, FHIXTEZM: 50
30.28%. 24.61%. 20.84%F 20.84% (&l 4c), VSC K
R EEZ SOC, TN, pH, TP &Effm, FxfEE
PESIIIR 30.79% . 19.74% . 14.09%F1 14.06% (& 4d ),
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SORTTRE BRI T H I WHILE Y
Lignin phenols ~ Vanillyl Syringyl Cinnamyl

KR Z B2 Lignin phenol types

L ©)

e

il
a2

LS

Contribution/%

Ho
He
P

T H LR IR L A LIRS R L
(Ad/ADs (Ad/Alv

AR E BRI L Lignin phenolic acid aldehyde ratio

HH

0 L L 1 L 1 1
A SR AT R 25T B RS ATHLER BRI AT Bk

Vanillyl/SOC Syringyl/SOC Cinnamyl/SOC

B2k AR AT AL Y TR

Contribution of phenolic monomers to organic carbon

s RRVNG FHRERRE A MALEFE 0.05 /K- 1245 1.3 . Note: Different lowercase letters indicate significant differences among

forest types at the 0.05 level.

K2 ARFEMBT AR & (a), KERBEMBEE (b) BRGNS (¢) M2k

Fig.2 Changes in lignin phenol content ( a ), degree of lignin degradation ( b ), and contribution of phenolic monomers to SOC ( ¢ ) in different

forest types

SEM #RIZER o (K 5), XYL BG5S pH (8]
HIER, AR ZEECH 0.33; 5 MR Fl VSC [E]34 71
SR, PR R BB N-0.16 F1-0.33; SOC 5 GP: GN
A IERI, BRAERBCN 0.18; 5 MR Ml VSC A4 IE

o, BRARZREUMN 1.05 F11.23; MBC 5 GY/G i)
B, BARRECN-057, 5 MR G, K
FHORH-0.03, 5 VSC AW, HERECH 0.17,
FRIGEEAE T SOC J2: MR il VSC fc Z (R 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 ( ¢ ), and plant-derived organic carbon (d)

a) P value=0.059, df=7, cfi=0.951, gfi=0.999 b) P value=0.244, df=7, cfi=0.984, gfi=1
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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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