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Study on the replacement of soil organic matter in Zoige peatland based on typical molecular markers. YANG Liu', WANG
Bin!", LIU Wei!, YANG Wen-guang', LONG Quan’, LUO Yong® (1.Low-cost Wastewater Treatment Technology International
Technology Cooperation Base of Sichuan, Southwest University of Science and Techndogy, Mianyang 621010, China; 2.Sichuan
Academy of Environmental Sciences, Chengdu 610041, China; 3.Sichuan Academy of Natural Resources Sciences, Chengdu 610015,
China). China Environmental Science, 2025,45(11): 6295~6306

Abstract: The dynamic changes of soil organic matter (SOM) in alpine ecosystems were investigated using lignin as a molecular marker.
Soils from a swamp meadow (WQZ) and a subalpine meadow (AMX) in Hongyuan County, on the northwestern Sichuan Plateau, were
analyzed to examine the vertical distribution, degradation state, and environmental drivers of lignin within the soil profile. The results
indicated that: In AMX, soil pH was observed to increase with depth, while water content remained low. Both SOM and lignin contents
were found to decrease with depth, and soil texture exhibited clear vertical variation. In contrast, WQZ soils showed minimal inter-layer
pH variation and high water content (>3times that of AMX). Affected by seasonal waterlogging, SOM and lignin in WQZ initially
decreased and then increased with depth. All WQZ profiles were identified as clay loam, with fine particle content exceeding 90%. High
lignin content in the AMX surface layer was attributed to root input and declined markedly with depth. In WQZ, long-term flooding was
associated with lignin accumulation in deeper layers via leaching or bioturbation, resulting in higher relative lignin contribution to SOM
at depth compared to surface layers. Ratios of guaiacyl (Ad/Al)v and syringyl (Ad/Al)s monomers in both soil types exceeded 0.6across
all layers, indicating significant oxidative degradation of lignin side chains, which intensified with depth. Demethylation/methoxylation
degradation was more pronounced in AMX than in WQZ. Lignin stability was regulated by soil texture: absolute lignin content (X8) was
higher in clay silt, while sand content was positively correlated with the lignin contribution to SOM (A8) within the same layer.
Prokaryotic and eukaryotic abundances were influenced by soil water content and pH. Proteobacteria dominated the surface layer of
AMX, whereas Acidobacteria were more abundant in deeper layers. In WQZ, Chloroflexi were enriched with depth, and basidiomycete
abundance was significantly higher in AMX than in WQZ.

Key words: typical molecular markers; soil profile; soil organic matter; lignin; environmental factors; carbon cycle
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- SRR I A Dy il b A 2 R G K R R T L
TR T BE 1) B A AR A VR Z1 52 Wi A A BRI B ik
PR A5 A0 4, 4 Bk L 3 AT HLRR i 4008 1500~
2400Pg, /& KRR K 2~3 54, it T3 WL (SOM)
VE R L 3 A, i B R ) 75% LA E 6 AR
KR COy W B TFHAT KA/ PO 4ok,
IPCC EE/N IR VAL A 8 L, A ERAR DR 1 50 h 3k
JEE 4] 1 555 P A =5 1 o, JFC e R TS0 g T e ok A
AL (B AEEAT X — A 2 R R AT SOM
1 it 4755 BEAR ML 70, UL Mo A S R G N
IR IR BT AR T 1B B A AR 38 5 S Uk v, 1ol
SRR TN 5.

SOM [ I, 21 60%~80%  Jis i i, e 4%
NARRE . BRI, B 0 O o R R
75 7 IR A5 R (0 AR e R TR Bt B TG (Ce=C3) 45
P Ik R L D B AT TR T s — 4 IR K 41, 3L
Boe At 5 MR e SRR (R I e 28 ) ) )
A4 3 — P A L g v o 2 3 B T ok 41
A B ARR  RA 2 T T PR I, A R
SR 2 T REAT SOM SRR BAfRFE T
T T P e U2 A R 2R A 8 e (20 AT 52 B R
RPN E . IR T, AURAR L DL R A R A%
IS, B B . Sk, pH . HHERI£E,
%Q.E%[MJS]‘

WG IR L IHRIT SOM LEA[FIZEAY
AR 2 A KA T 2% T SOM 7EVRZ
R B R SLAE BRI D R R ) S B R
26NV b i J5UIX — ke X, SR AR SN
KGO R BB AES RS R B T A

TH PR B i) — e ) — D e 7 U 20 RS AN )
B BT VR = b R 3% 0 A R AR E 9 4 R
SOM B AIL i S FLR 0 Y1/ Yt e 45 R DX SR BB AT A
Fe 8 TR R 5.

T, DR 5 AR AR A ) SR IR R TS A7 A
AP IR AR AL BRI T SOM 431411
AR Z R G TSI S DRI 6 SOM %%
A 0 R 2 g A 35 i N ) R 5 ML AR v A T
224 AR S A IR R IR b A B TR 5, 4 4 Y
73 FRRCHIOR B L) 5 AL i 38 IR A
F 1 v i TR F) g % ) RV P A A E SR B 4R

FUr FERL IR I R SOM (143 1 2H R AIE I
J& SRR IR 5 R AF LR 3 R S
PIREHE X SOM BRI IR AE . WE9E4s Rl
N R FEAE AR R GO T REVEAN SR LB IR K 8.

1 MR57FE

1.1 WX

BFF 5 1 i A7 R 2R 1) gy SR W 2 X4 UK i
e B SRR R T PGB TE B B A N AL IR BB
IFTA 2 J FUYVEE LA T 31°51'~33°33'N, 101°51'~
103°22'E, YR AE 3500~4000m. H IR 55 AT Hh 3
s AUEIE L GIRER I RRIE A% 10 X R i P v R 9
U 2 RS A i v 358 VR PR TR 240 J7 ol
A ELTHIRRR 20%, KARFLI RIARIA 1158 J5a, BB
TR 91.8%. THEZ M ) B - v 3 4K
BRI, RS A AU, R
it 7T H I A B AR BN TR AR 7R LA B
(1) 50 R B0 24 ) () W B A B AR T (8] 1ihttps:
/Iwww.resdc.cn/).

1.2 FEECRE

AU DL s PR VR AE 21 Jt BB R & Ji s
fi] 1+ (AMX,102.600716°E, It 4 32.870027°N, #f &
3452m) K AR E 0~0.8m (1) 1= 3 FF i, 78 L)
(WQZ,102.648491°E,33.099223°N, 34k 3475m)HLiH
P RAEEEE N 0~0.5m (178 7 34 b, 30
0.1m 1R —A70 2 4 [\ 2 0 TR i 3 5 TR A,
S VYL oy Jo T R — A 256 AR A i, LA DR A
an RARER M, FFad 3 T B K 3 OB . RN
7 Bl R BV R AT B 0T BRI IR A A JE
FH S AL R B 1, Bk H 4 SRR ) 5% R ) T8
A SRR S A RTORE B IR, S RT e R 1 UK (1)
SERENE. PR R I ) SR AT I 0 43 Ak 2 (40
H ,fL4% 0.425mm), 3B (177 46 1.

1.3 LIV AL AR AT

XPRAER AMX R WQZ FE S AT RAE 4.
1% pH (E/EIA M e, &K K PIEAES I (TIE
OB HARIIE S R .

R 253 HT FREL AMX FIl WQZ K5 0.5g TGS
MU 10mL KJEH 10% 1 5 A UL FL AR
AR, A AT B, 25 BRAE 2 T A LT P
BN FE R 1) 10% (1) ERERE ML 10mL Inh 4 oA F
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B LIRS T LI LA~ A2 1) CO, TR I 22
BT BCE AR RS 8 TERE B A B vh o A L )=
WL E R IR 3~5 WK LA R BR R L B a AN
10mL 0.5mol/L ¥ 7 fi i BB v i, I % TR G 34 50 )i,
8 H LS13320 BWOLRRL 2 A CGEAT Il 5E

102° 0'0"E 103° 00'E
T T

4 33°00"N
3300"™N

1 32°00"™N
322°00"™N

L '
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Fig.l1 Geographic location map of the sampling area
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SI G 1 PR 7K G R IR P AR A — LU LR
TR E NS .

Bt 2 22 B0 Sg/L A3 ATUBR (R 25 ) AR v
LA IR EL 0,0.5,1.0,1.5,2.0,2.5,3.0mL JNEER
oK #£ 3.0mL, F o 10mL T A% R A % W
(K»Cr,07)=0.8mol/L, LA S ¥R B R 10mL, 345 Je ik
& 20min, 55 17K 10mL #8450, 14, B 15.0mL |2
T SomL 2t b, 7K e AR S 1 28 R
FL0E 559nm AR Tem Eb 6 L s WA

R R & R BGE 100 H i) AMX 1235
1.0000g % WQZ 3% 0.3000g, 535l A\ 50mL %Ak
7K 3mL A 38 2 LR A ) b TR
.

Mg 1 em AN 559nm KA 25 1
36 YR 2 i, W5 AR 0 P R S AL, el A 7 1 £ 53 R 1A
T3 PR SRAF A5 DU 25 i

R

m, x1.742x1.32
HHUR (g/kg) = T

A oy D9 4 TS T R mg; 1,32 O S AR IE &R

#0,1.724 4y tHA AL S8 DU R A m A T
IR e
1.5 AR hRd il e

SR FH A8 A0 A Ak T AR I 4 R I 35, R B
2.00g T IEAE S BCE TR DY IR S0 IR N 3 L N
1.0g CuO ¥y K. 0.10g /N/KEBIRWZKELF 15mL
JEE IR JE g 2mol/L ) NaOH ¥ &) N &S HE
HH SN 28 ) R AR B A R TR R TR T 170
‘CIN. 5.0h. FARAHI G N E R BARERS 28 B0 4,
I 10mL 2585 7K YEFR 42 [ AR OIn N 45111
DIPiHE), B 1~2 MR WA, LA 3000r/min 2
L 30min AL G B B0, LN AU, Y
pH {H0 1,5 E T G AL Th(Bh 1k A AESE [ ). F5 L
3000r/min /0> 20min, JF44 EiEBAE 2 100mL 73
T2 I 218, 2 KGR 5 AT GRE = HER), IR I
T 7K B PR B 2% ok £ B A5 R 1) Bk B K o) i 25 &
10mL 2o A7, 775 2 U IR 15mL v iR e/ i
AU L 10 Sk PR T 20°C R AR AT

W R MUBT 1A S T s Sl 2 A WL (-
SR B =11 AR L) o B e 2, T KV
FHLHEE R 20min, TR IUEFE 5 4% 50, 0 2R Ek
VUUE, B I, BOAW 100pL TAH/MH, ZUk
TN 90uL A (= H 3 R e ) — R & Bk fi
(BSTFA). 10uL MERE, CE T 70°CHAE RV 3h,
HH B R R AT e B BRI T &Pt
EVE, H A B TR AW 050 88,34 KA SRS
PR R RS E SR R A A, NN 2.9mL 1E O

B R AR il — Tk 156 FH AL (GC-MS) 43 #T,
2154 Agilent 7890B R 41 G3440B. i & [ & 41 & (1,
WA HP-5MS(30mx0.250mm,0.25um). K 205 %
FAREWEN 0.3 ) 0.5MPa, 3T IFHH5HHL (03
R HLE L RS E JE R BE NP ST WE B TR
K DU LR AT 3590 230°C K2 150°C B0 FRA %
LI I AT A B B G R e I E
BT HE R T 00 B ERE R RS SpL,
SRRy 2: R SE UREN RECA 3 WGIEVERI(E
CObE) A R d5 KL LTI RE e B WU i R
65°C, RIS E] N 2min;6°C/min _LTFE 300°C {4
)24 20min. SEFE CIEEE R 290°C A4 A
280°C ik FL 5950 EL Y8, TAEHUE Y 706V, 35 71 4E
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RIS 8] 24 8min, JiT S 445 [ 50~650Da.
1.6 TEEYIETE S5k o3 b

KEIZHL 10g B TUKAE-20°C R ARAE, 7 ]
AR I E HLRA I 32 5 5% AR R USR] 16S tDNA
DU A AR ol 0 5 3 2 2 S 2 i R A A W, i £
B A K, T 40 0 38 A il XU Y (PCR) JEOK T 48,
PRl A AT b, 5 5 A DA R ML B TR AS DR
ITS IFFHAR, AL S T ITST AT X s 514
HEAT PCR 434,88 J %o v A8 DX HEA T 15 43 B R o
Y e AR AT 1 D L5 T TonSSTMXL
7~ G R FH S I 04 g 35 R g /N B SR HEAT
gl e B X Reads B VI JE,0TUs 55,2k
AT LB B 5% AR ) R B B 3 40 BT, 48 /s
TAEYIPI R .
1.7 Gt

W 55 1] (AT ART 2 S5 10 38 2 PSR o 1) O 25 4y
HT A Fisher /) {23 7 VL (LSD)HEAT VAl AR J5 13k
1T Tukey Ki56 K H SPSS #AFE1F 22.0 A FIH
Pearson A REE = T LA NI RS Cm.
BRI 2 Z ) (R AH DGR H Origin 2019b #4454 4]
TEBEAT 43 HT ML 2.

2 FHR51E

21 IR AR

XIHE AT B B A 85 RN R 1 B,
AMX 5 WQZ #2555 pH {54 5.3~6.2.
AMX 1358 pH {F B BE R 2 14 i 3 0,10 WQZ 1+
HERE 5 pH (EAHZEAS K AMX 1 WQZ 3 i 5 7K
RABLLIR B, WQZ T HFE S B /KRy AMX T 3Eff
i 3 A5 LA B AMX 3T ML B R b L4 R n
MR, WQZ WA . WQZ 3 B & B i 5
T AMX, Bt I PERUK G FI T SOM [HER 17

MR 2 740, AMX FI WQZ F1Hi 13845 Ay 4
A LA R BELLRRL MR R4S A N AMX
BRIk, AR A 4R K 1, 7 0~30em [
TRk E A 4E<0.002mm AT 0.002~0.075mm
DX T P B R e v, EL AR 2 25 i s 90% LA I,
DRI 4 LRI 90l b4+ 30~60em FF AT AR
Eb A B e, T AHAS T 0~30em 358 Wk A Bk & 5
YA TR B AN s 1 m, HoAi ok 4L R oR K T
50%, R 73 3R 23 H g b A LR R S

h60~80cm [N, TR FE A I S 22 1), R Tk IR
I H 60~80cm T3 b, R &R &8
It 6% LA L RS Bk 43.23%A1 26.72%. AR45 [
T ] 0 R A AR LE<50% I, % 40 3R
43 D s T WQZ 3k 4 bl LIk b AR i
b 3, FLAkE 5 F>90%, DAL T ¥4 ki 40 ok il -

F1 LTRERBUMER

Table 1 Basic physical and chemical properties of soil

samples
Fedh BKRE SOM  HHE
b= H & 5 FLBE
(em) (%) i (g/kg)  (g/lem’)

0~10 88.9 5.54 75.36 0.78 0.71
10~20 86.6 5.57 77.23 0.81 0.69
20~30 78.3 5.75 69.90 1.09 0.59
30~40 72.4 5.96 47.74 1.13 0.57
40~50 66 5.98 31.65 1.22 0.54
50~60 58.6 6.10 30.29 1.35 0.49
60~70 46.8 6.06 19.78 1.43 0.46
70~80 35.5 6.17 19.22 1.51 0.43

AMX

0~10 244.57 5.42 328.88 0.263 0.900
10~20  235.25 5.45 387.50 0.266 0.899
wQz 20~30  252.17 5.37 442.90 0.258 0.903
30~40  227.94 5.40 428.42 0.277 0.895
40~50  260.38 5.39 450.71 0.270 0.898

&2 hBxs

Table 2  Grain group division

HUBZH % (%)
o P A N o N -
Hi Fedb Bk b g A (mm) S RRC £ 1;'57<
(em)  (mm) (mm) (mm)  (mm) it
<0.002 0.002~0.0750.075~0.250.25~0.5 0.5~2
0~10  15.90 75.66 8.43 0.01 0 FEL
10~20 12.19 78.09 9.51 0.21 0 FEL
20~30 11.81 80.64 7.45 0.10 0 FEL
Erigpieets
30~40  5.19 77.13 17.65 0.03 0
+
Lrigpieets
40~50 5.94 79.60 14.45 0.14 0
AMX +
Lrigpieets
50~60 7.98 70.47 21.36 0.19 0
+
e
60~70  6.05 43.23 37.88 661 623 +
e
70~80 3.43 26.72 41.10 1875 10.00 +
0~10 1529 80.78 3.90 0.03 0 FEL
10~20  8.26 87.05 4.69 0 0 FEL
WQZ 20~30 7.58 89.28 3.13 0.01 0 FiEL
30~40 8.06 85.96 5.90 0.08 0 FiEL
40~50 7.05 83.38 9.05 0.52 0 FiEtL
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2.2 SRR IR LR KRR AT

MFRIEAR(C ) T HRES B HRAIARE(V
PR FE AR LLAE C/V R S/V H BT Tonis T+
e rh AL B AR RYE, il A — o B b R R 5T
HIAE DL TV AL S RAIRER I LE(Ad/AT
B B AU 7 R T 2R 1) A g R ),

FH ] 2 T %1,0~80cm AMX il 0~50cm WQZ 1
BT PR T4 1 HER R B A0 2, U AR — B
N T) P, 3 L 9 R AR KR B2 () R ) S 2R o %
1M AMX 5 WQZ 22 558K, Ut B I 9y b 3= ZERE 48
R — g =R MR 3 nl %, P9 Huk &b = 2 ik
T C:S:V 400 11 RIS A e T 1A
FEA 2O A JR 22 S 0 A 7 30 A0 S0 0 5 P
(PAD). XJJ#HE FBE (PAL) AN F2 52K 2 (PON)
AR LR 8 (P) P A4, I X FR LK £ (PON)
{CRIE T AR 53 fif 7= 4,11 PAD Fl PAL I8 1] fig>
H T2 AR R IA VLA, T - PON/P (R
Wi P ARSI A A R AR R T A S

AMX Fl WQZ % PON/P {43514 0.27 i1 0.19,
M AMX f1 WQZ +1# PON/P {H# 0.27~0.34 Fl
0.09~0.15 DX [H] Py HL 22 AN K, B PR 41 B4 32 B
KIFA T ZR, B AU 3 R YE T e S A4

- B AARRAL
=T 5 [ o @ikt (WwQz)
= | e mft (AMX)
2 30-40 cm L 4
1.0 |- -ﬁ .40-50 o L 20~30 cm
x 50~60 cm 4 60~70 cm L
o 0~80 cm
08— 'E 10~20 cm @10 em
% S
0.6 30~40 cm
% 20~30 cm °
0.4 § 10-20 em L 10-50 cm®
o e gt
: 0~10
02 j A
[ &%
- B W AARBAL
: |
| |
1 [ 1 |I l‘ ‘
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
C/V

K2 C/V ISV RiE LA AR
Fig.2 The source of soil organic matter by C/V and S/V
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Table 3  Plant lignin phenolic monomer content

FF il o C S \Y C/IV SIV (Ad/Alyv (Ad/Al)s
AMX Ffi 2 HI¥)A (ug/g plant) 16812.10 16476.90 15615.30 1.08 1.06 0.59 0.68
WQZ i % TP A (ug/g plant) 18428.75 18149.15 16481.35 1.12 1.10 0.53 0.61

HE(Ad/AYV A VIS BARTRIE L A AE AT 2 0 PO DB A e P AL 5 (A Y ATy g S S B PR TS LG A A T 25 1 FR) DU B A e A 2

2.3 ST AR IR T AR I g b ) A A

WQZ 5 AMX M AR &= B A
K, M 48.91~53.06mg/g plant. i1 &l 3 7] %1,C A Hfk
wEET S KRV RS IR RIEOR
TR F BRI T AR A LAY SR
HIK C AR, M ARAFEAAN A IO Fh A — i
FORTE AR ENE N C<S<V,C &Rt
A5 T BE A T 30 C 8 A 358 2 ) 22 S BRI
F B AL

A B R T 3R R YR TR TR W O i R )
WRERMAPL A5 h AMX HEEHIAR T ZE & &
B - 39 R 5 48 T T ek 2,0~30em 1) i AR LR A
i (258.20mg/kg soil) i #F K T 30~80cm 1 4
(133.67mg/kg soil).JX e o] 73 A ik A R A
1R 2 T S B 1k DD AH 9%, 36 J2 38 (0~30em) K IA )
R FR 90 486 A A 2 i AN B AL T 2 BRI, R 2
178 (40~80cm) (R MY 4 i 3 S0 N\ Bt 3 PR AP 1=

S5 SR AL 2, 15 Bz B TR AR 2 L 3 AT WL & B
BRI 5 ) 11 % 2 338 2 ) 2 S B IR T AT ot
FEFR R FEAMX 1 3% 0~30cm A FHE 1,30~
60cm NAy i+ ,60~80cm MEPJRIE P E 1
(30~60cm) F1F5y it 338 £ ot b ek I o A it 25 1149 R f [l
JE B8 ) B0, U B Y 3 BT R VR P B (ER
FACIL RS I R e B URL A R0k B DR AR A T
TR 8 RO S I R BN I S R T 4
SOM k¥ LARE g, 5 3502 R) 22 5488/ 1T 60~80em -
B RS AR R (>50%), AN TN 7 A HLT R AR
SN R T AR M BERLLF B ARAT B ok B 2%
Jo+ L R T FRUE T A TR ) PR AR TR A R i
FE AT K )2 1 3 (0~30em) A i F 1 TE [7)
.

T 4 a5, AMX 38 AR FE AR LR
A 47-9.2mg/g OC Ju Bl N ,WQz + 37
10.1~18.8mg/g OC Ju [ P9 S A5 & /N T-ARpk %
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Fig.3 Content of various lignin monomers in soil samples
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Fig.4 Relative organic matter content of lignin

7E AMX 338 5 TP R 28 AR 2 S B IR 4
BN 3 B 60~80cm AT & B 0~60cm

HAME IR 37.5%. SOM 4L/ HT i 7,0~30cm 2 SOM
A 5 5B 50.87%, 1 60~80em 2 DT #R T
14.76%[1) SOM fifi . 45 55 R A R I AMX 3R
o S R T SOM. HEAA ) J R R WA
FiEX AMX 2 L1 SOM MR e B 1) %
miy B wQz 4 Bt - R B N, ZE 0~30cem,
ARJTEAN SR B ERM. 78 30~40cm 2 E K,
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Fig.5 Degradation parameters of lignin in soil sample
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Table 4 Correlation analysis of typical molecular markers, SOM and environmental factors

Mo i ibs FRE pH & HE LB KR BRSE DREE BB SRR
SOM 0.937%%  -0.959%*  -0.948%*  0.948%* 0.878%* 0.693 -0.776* 0.287 0.699
AMX 8 0.913%*  -0.971*%*%  -0.931**  0.936** 0.932%* 0.648 ~0.746%* 0.305 0.687
A8 -0.873* 0.710% 0.809* -0.802* -0.614 -0.825% 0.842* -0.018 -0.484
SOM 0.304 -0.663 0.245 -0.109 -0.923* 0.591 0.476 -0.601 -0.879*
wQz 8 0.547 -0.74 -0.196 -0.804 0.659 0.226 -0.202 -0.591
A8 0.577 -0.7 -0.34 -0.747 0.686 0.114 -0.056 -0.472
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