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Seasonal dynamics characteristics and influencing factors of soil labile organic carbon in
typical boreal forest types during the growing season

Liu Beibei Cai Tijiu
(School of Forestry, Northeast Forestry University, Harbin 150040, Heilongjiang, China)

Abstract: [Objective] Labile organic carbon (LOC) responds more sensitively to changes in soil carbon
pools than total organic carbon. This study investigates the seasonal dynamics and driving factors of soil
ROC in typical boreal forest types in the Greater Khingan Mountains during the growing season, aiming to
provide a scientific basis for assessing regional soil carbon cycling and informing forest management
strategies. [Method] We selected four representative forest types in northern Greater Khingan, including
Dahurian larch (Larix gmelinii) forest, Scots pine (Pinus sylvestris var. mongolica) forest, white birch

(Betula platyphylla) forest, and aspen (Populus davidiana) forest as study sites. Soil samples were collected
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monthly from May to September 2023 at depths of 0—10 cm and 10—-20 cm. We measured microbial biomass
carbon (MBC), dissolved organic carbon (DOC), easily oxidizable organic carbon (EOC), and particulate
organic carbon (POC) to analyze their seasonal dynamics and influencing factors. [Result] From May to
September, MBC, DOC, EOC, and POC concentrations ranged from 107.36 to 931.92 mg/kg, 74.31 to
442.8 mg/kg, 7.23 to 14.97 g/kg, and 2.07 to 27.17 g/kg, respectively, with mean values following the order
POC > EOC > MBC > DOC. MBC, EOC, and POC exhibited a unimodal pattern, peaking in August,
whereas DOC peaked in May and then declined gradually. (2) Forest type, soil depth, month, and their
interactions significantly affected LOC content (P < 0.001), with the relative importance of individual
factors ranked as soil depth > month > forest type. (3) Soil temperature, moisture, f-glucosidase activity, and
nitrogen content showed significant positive correlations with LOC, while bulk density and pH exhibited
significant negative correlations (P < 0.05). Precipitation and air relative humidity primarily influenced
MBC and DOC. [Conclusion] The seasonal dynamics of soil LOC in boreal forests are jointly regulated by
soil depth, hydrothermal conditions, and enzyme activity. Broadleaf forests demonstrated greater LOC
accumulation capacity due to higher-quality litter inputs. This study reveals the component-specific response

mechanisms of LOC, offering a scientific foundation for predicting carbon sink functions of boreal forests

548 4

under climate change scenarios.
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PR W4 /m CBe-hm™) Mikd/a (oy HRMIE LI FHIMA/em PR E/m  REERE MR
Nz 5 KA (Larix gmelinidD R 305 1260 86+8A 6 0.7 KEEHME 15.67+0.32B 17.15+ 1.05B £ 5 HE 8T51FE1H
& FA (P stris var. . .
i AR CPinus sylvestris var. o 736 97124 10 0.6 AREEIHRL 22.90 + 1.08A 23.66+0.77A TER% 8H27%
mongolica) ¥k
HHECBetula platyphylla) #k 378 1663 43+5B 6 0.8 [EfiiHE 12.68 £ 0.66B 14.62+0.61C TEixA A 108
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Tab. 2 Basic soil physicochemical properties and enzyme activities
e PeATEFAM (LSRN BHEM ik
ZLaN
0~10cm 10~20 cm 0~10cm 10~20 cm 0~10cm 10~20 cm 0~10cm 10~20 cm

ST/C 4.14+0.91Ba 3.31£0.73Bb 9.10£ 1.13Aa 8.38 £ 1.06Ab 540+ 1.09Ba 5.09 + 1.11Bb 5.91+0.84Ba 5.55+0.89Bb

SWC/% 41.33+£7.68Ba  25.64+3.43Bb 36.06 + 4.39Ba 26.98 +4.34Bb 56.74+9.41Aa  31.14£5.56Ab 42.02+546Ba  33.22+6.81Ab

pb 1.07 £ 0.04Aa 1.24 £0.04Ba 0.91 £ 0.02Ca 1.12+0.05Ca 1.07 £ 0.05Ab 1.87£0.06Aa 0.97 +0.04Bb 1.24£0.03Ba

pH 5.13+0.05Ba 5.33£0.05Aa 5.35+0.09Ab 542 £0.04Aa 4.72+0.01Ca 491 +0.04Ba 5.10+0.52Bb 5.39+0.63Aa

(;2?') 44.13£0.92Aa  18.50+ 1.07Ab 28.57 +1.09Ba 14.13+0.33Bb  44.82+1.50Aa  20.92 + 1.47Ab 4454+ 139Aa  18.38£0.70Ab

(ng:{l) 2.67+0.18Ba 1.33+0.18ABb 1.76 £0.13Ca 1.07+0.13Bb 3.20+0.21Ba 1.77+0.22Ab 4.01+041Aa 1.52+0.18ABb

(NHAIT(_T’\'U) 14.83 +£0.55Ba 8.77+ 0.41Bb 11.35+0.48Ca 9.18£0.26Ba 15.57+£0.71Ba  10.72 £ 0.87Bb 19.81 £ 1.66Aa  14.45 £ 1.65Ab
mg-xg

(Noi_rj/) 4.53+0.88Aa 2.70 +0.56Ab 3.54 £ 0.49Aa 2.62+0.58Ab 2.77+0.65Aa 2.14+0.63Ab 4.75+ 1.00Aa 3.57+0.89Ab
mg: kg

(n]él'gki{') 11446+ 10.55Ba  70.3s6 +5.77Ab  133.20+ 14.95ABa  61.20£7.29Ab  166.05+12.30Aa 85.96 + 12.33Ab  159.77+10.06Aa  63.08 £ 7.66Ab

(rrll)g(-)kljg/]) 5249+ 8.30ABa 32.32+3.65ABb  38.07+4.97Ba 27.28 +1.90Bb 66.67+8.36Aa  39.31 £3.03Ab 62.17+5.78Aa  37.02 +4.48ABb
(msg['JlEg/") 73.84+1.60Aa 3824 £ 1.60Ab 69.34 +4.44Aa 37.88+3.46Ab  75.53+2.80Aa  39.11+5.83Ab 77.66+2.11Aa  41.74 £ 3.64Ab
BG/(pug'g")  2627+1.12Ca 9.95+0.53Bb 23.46 +0.89Ca 741+046Cb  4251+0.67Aa  15.02+0.31Ab 3526 + 1.45Ba 9.82+0.61Bb

VE: R PR 5—9 A PPIE = SRR . AT A RR S R F — R A F AR 22 535 R KT (P < 0.05); EHT ARG 830K ) — MR AR )2 ]
ZREFNBFRT(P<0.05). Hor, ST, SWCATIEEKE, pb A HIRAE, pHNHIRIRIL, TOCH TIREA R, TNV HEEE, NHY NNEEE
NOZ -NNHER, MBNAMAEL, DONATEEA A, SUCHHEERERE BGp- A& f e, TIH.

R3 WREX 2023 &£ 5—9 ANERETIER

Tab.3 Changes in environmental factors in the study area from May to September 2023

Ay REE/C A /% P& 7K &/mm KB 2R /(W -m ™)
5 9.26 54.87 51.40 107.95
6 15.66 73.52 59.10 131.11
7 20.17 75.86 37.70 135.37
8 16.89 70.71 33.70 112.63
9 8.98 70.07 26.20 56.42

w T HoAh 3 Ak B (P < 0.05). LAk EOC %% &
(7.69 g/kg), %3 & THE TR (P < 0.05) . BT
5o W ARCE MR MO B3 & TR AR (O 2
I FARR, BT FAMK, P <0.05), fEH#k MBC. DOC.
EOC. POC & &7 il A% AR 1) 1.141 1.17, 1.47
1.28 i o 3 iE VA MUK & 2B 1 2 0 i B AR,
Fr MBC 4b, HoAx -t 20 22 735k 52 /K7 (P < 0.05,
4,
22 TEFERUEVBRNEmESE

ZINEHZ 0GR HEH, KA, L2 Ah
Je =358 BAE G 385 A HLRR & 2 i 52 e 351
W EIKFE(P<0.000) . ERNHT N E > Al >
MBS A2 FAE A, AT M R R 58 LS 520 R
BT R EIER 1, BRI R B JE5T 4 Fhi
PEA WU I VE R B S AR . A ARk > pREYXS

MBC Wi e, H 4 x 2% DOC J 0 e i, #k
B x4 JZX) 5y AL HLIK (EOC) 5 Wil di 98, 1] =
IR 2 A2 B EURL A HLIR (POC) HL A & 35 ZUN. (P <
0.001)

MR (E 2R B, MRS LS
B HUBK AIAELE 23 Xk AR ER. A, BN
AT B-7 2 HE T 5 4 FlOMR AL (5 AE ) B R (MBC)
Ty B WK (EOC) FRLA WLk (POC)H ) &2 i 2
IEFHOR(P <0.05); 44 & pH 5 oA TG A WLk
Yoy B EFEMAK . MG HLIR(DOC) S S E
TS EUR G IR R AR AL T S, G0 A S ZUAE AR AR AR
5 WL (DOC) 2 83 i A9 (P < 0.05), 1
TE FEI PR A A DG AN 2.3
23 AEHFHER T EREEVBRNCBZMES

B B H 4 #T (R 6)FR B, T 3E M A MUK AR
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VE: MBC NEY &=, DOC NATE A MUK, EOC A 5 E AL F VLR, POC AFHR A WL . ANFKS FRR R E — AR A H 4318
ZESEIR B EIKF(P <0.05), ANE/NGFRERIRFE— H 4 A B AR 7] 22 T A 2 83 7K (P < 0.05).

R4 TEFHRER 5—9 A TEEEFVBAETURE

Tab.4 Mean seasonal variation of soil labile organic carbon in different forest types from May to September

FRIEAY Forest types +JZ/em MBC/(mg-kg™") DOC/(mg-kg™) POC/(g-kg™) EOC/(g'kg™
0~10 596.88 + 34.50Aa 163.22+9.25Ba 15.05 +0.59Ba 8.40 +0.64Ba
BRI AR 10~20 237.79 + 14.52Bb 120.63 + 3.82Bb 5.59+0.26Bb 3.29+0.15Bb
ESl N 417.33 £ 36.46B 141.92 £ 40.12B 10.50 + 0.80B 5.85+0.33B
0~10 672.92 + 28.84Aa 198.90 + 10.31Aa 20.38+0.71Aa 10.87 £ 0.36Aa
kb 10~20 281.15 + 24.30Ab 134.03 = 7.72Ab 8.03 + 0.23Ab 4.11+0.24Ab
L[N 476.39 + 38.20A 166.47 + 63.18A 15.41 + 0.88A 7.49 + 0.44A

TE: RPH T + Sk 22 FBIAE RS 7 RERORFE — 2 AR AR (8] 22 57t % 5 35 KT (P < 0.05); [FIFIAN [F/NG Pt R R — FR bk

RN 1 2 18] 22 A B 2 7K (P < 0.05)
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Tab. 5 Effects of forest type on soil labile organic carbon components
MBC DOC EOC POC
bSES H
F P F P F P F P
A 4 557.811 <0.001 656.356 <0.001 288.073 <0.001 118.097 <0.001
B 1 4618.877 <0.001 780.947 <0.001 5327.676 <0.001 1674.865 <0.001
C 3 52.844 <0.001 127.979 <0.001 216.875 <0.001 124.522 <0.001
AxB 4 17.352 <0.001 169.549 <0.001 31.444 <0.001 5.06 <0.001
AxC 12 50.607 <0.001 20.556 <0.001 24.858 <0.001 10.708 <0.001
BxC 3 14.42 <0.001 28.324 <0.001 71.022 <0.001 15.418 <0.001
AxBxC 12 24.266 <0.001 16.956 <0.001 6.561 <0.001 12.668 <0.001
TE: A B COMRE AR LIEHRE AR, A xB.Ax C.BxC. A xBx CUMERENZIAMZEIEM.
PLGIENRAMR Larix gmelinii B FHMA Pinus sylvestris var. mongolica
MBC
DoC [@] =
Mantel’s p EOC Mantel’s p
<0.01 roc @O — <0.01
—0.01~005 BN — 0.01~0.05
=0.05 = 0.05
NH,;~N | ©
Mantel’s Mantel”
ey o et/
—0.25~0.50 e —025~0.50
—=10.50 e 09 =0.50
Spearman’s r ST @ - @000 Spearman’s r
0.5 Mos
0 0
o oS
Mantel’s p Mantel’s p
— <0.01 —<0.01
—0.01~0.05 —0.01 ~0.05
= 0.05 = 0.05
Mantel’s Mantel’s r
—<025 <0.25
—0.25~0.50 —0.25~0.50
—=0.50 —= 050
Spearman’s Spearman’s
Pos Mos
0 0
os RS

Mantelp’s » Fl Mantelp’s p43 7|38/~ 2 K A 135 5853 R 22 (A A OGP FILE 35, Spearman’s 1387845 PR R £ (0] O AH 1
RH MZSAMNNREE, MT AR, QR NAA GRKE, ESR WKHARGRM . TF.
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Fig. 2 Correlation analysis between soil labile organic carbon and soil physicochemical properties

S T R R 2 RS IR 2R IR R ke, B
R FEE N 74.0% ~ 98.0%(P < 0.05) . AN [F] Ak 7Y 56 gt
HNEAEGEREZR. HA, Fm2s 2295 ks bk
+IERAE Y E B (MBC). 7] % %A HLER (DOC). 5
FAA HLR (EOC) A FRLAA HLIK (POC) ) F F K 2
RS R AR LERE . B-H 4 W E. pH.
R R KA B, AR R N 94.7%-
96.8%~ 97.2% 1 95.5% . X T Fabk, 155200 K
R EAREMEYER. VEEA VLA TR,

RE AR AR REE NG B 0 A, S
IR 2 A % 7K &R K SR X 2, % MBC. DOC.
EOC F1 POC WIf#RE FE 53 78 96.7%- 74.0%- 93.4%
H195.5%. AMEMRIE S HIERZONHHS KR, &K
. pH. AT HLE % BER. AR B-
A0, U0 R R A BE K &, X MBC. DOC,
EOC A1 POC I FE BE 53 5 4 97.4%- 93.9%- 89.2%
1 81.6%. SR H3E R &R N pH. T IEIE T
FE A, 2R nTIEEE IV EMESE, EE R
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Tab. 6 Stepwise regression analysis of soil labile organic carbon and environmental factors in different forest types

AR SEHEAT WL MG I R
MBC Y=11.612XNm; -N — 59.045XNo0; -N + 63.910Xgy 0.947
Mgk DOoC ¥=—0.930XNu; -N +0.210X36 + 0.079Xpyy 0.968
L\
"HEARR EOC  Y=30.749 + 0.110X;q 0.972
POC Y=0.600XNH; -N +0.040X G + 45.480X ), — 5.187 X,y 0.955
MBC Y=1657.080 + 1.166Xypy — 11.523Xpon + 1 463.620Xswc — 4.98 LXgyc + 5.361Xp6 — 981.728X,, — 8.074Xqr  0.967
DOC Y=3778.074 + 52.459XNo0; - N + 125.969Xs7 — 72.499Xpyy 0.740
(LSRN
EOC Y=0.074Xpox + 0.074X6 0.934
POC Y=43.943 + 0.049Xypy + 0.158Xpon + 2.111Xpy — 0.162X — 38122, 0.955
MBC Y'=471.243Xgyc — 12.164X0x 0.974
DOC Y= 155.299X,; — 597.613Xpox — 56.507 X1y + 2.351Xsyc 0.939
FHERR
EOC Y= 9.090Xsyc — 0.088Xpoy + 0.344X,; + 0.257XNmy -N 0.892
POC Y=47.318 - 6.152X,, 0.816
MBC Y= 3 535.348 — 428.468X,; + 231.014 Xy — 828.024X,,, 0.968
- DoC Y'=1234.589 + 1.459XpoN + 26.637 X1y — 314.342Xgyc — 20.863 Xy — 16.098XN0; - N +25.427 X5y 0.853
Ak ’
EOC Y=52.534 - 4.443X,;; — 19.811X,, 0.980
POC Y= 10.870Xgwc — 0.117Xpon — 57.073X,, 0.925

NRAFGHESE, % MBC. DOC. EOC A POC [{]fi#
FESE 5N 96.8% 85.3%- 98.0% F1 92.5% . LEE4Y
M B, 498 7 B RV P A YR % 4 P A ML
) 3 1t Al DR 25, T - 2 R T I AN 4 04 ikt
EOC 1 POC {45 {k it 3= ZEOR zh /F F . 0 45 5t
DOC WM i3 . RS 2, B ERK
SR ERTE MBC M1 DOC 1 H sh& 384k
39 ik
3.1 AEFHRERTEEFEENRSETIISE
AR IEIE A L S = RS T TR = 5
Mol : — 2 AR A I8 Ik b PRV AR R o W Sk R
TE 2 BRI N s A2 B B A 103 B0 5| R 1) B 451
SRUO, ARHE A OE A MUK S & T Rdb S L
e JER X 22122 3R A DR AR I e B B K
AW R IEIVE R o B TSR], 4 FhARS 0 ~
20 cm /2 EHEE MRS E £ I POC > EOC > MBC >
DOC I #i ks &, 5 O G W 4s B —5U, %0 fi
ST 2515 1 2 5 POC 50 W) o ok 25 & %
B WL R 5 A AR, J3 A T8 R AR X 22 48 1
EOC {4 POC 4 f# 1 (81724, BRIAL 23 1 v H. 5
Bl B A= 1 FE G DL B AR Y MBC 52 5 AR 4 AR )
R PR, JA P 2 /N DOC 775 T L35

W, 52k ke,

W] AR PR A AL B R A AR, X
BT REDHESRENER . W AREEYE
K H 53 il il e RO T AR R TR R KR
Y ENV N N e e i 7 )R S (3 =t =X )
FRPEY) B BELAS T A AL 23 A =40 1) 338 gy A 11224
BrIL##k EOC & & T A Mk s, HAR & EEA L
T2 5y B35 EVHEAR > IR > D2 T A AR >
FEFAAIR o 3X 55 PR V8 WAk 25 2H BRI A AR AR i 58 s
BUIH K. AMIEEDRS B KRR S R ;2
BE T AE YA W B (MBC) B K AT v 1 72 41 (DOC
POCORE T (LW PR & PR S 1 A I 2 D0 R o]
WAEM K, FEHEIE Z) 57 ik (EOCOF 212+,
Do TR A AR ZE T T AR R RN, DA 4
BT RS RRIR Y s AR N SRR R, TR
FRAE I NAR B = S A B, LRI o )25 g /K M
B, IR,

H#hZ5 )51, MBC. EOC 1 POC & & 1E 8 Aik
FEAY, 1X 5 A K HE 2238 B I K A A I 38 AR
RIS, DOC WAE L ELAE 5 H, Sk
TR R AE FH IR A SR AR S A, R TR B ) A WL
AR ZERAEPDiE M M TEK S, X DOC I [FIAL R A
PREOSU, ik NAEKHEZR I, ok A i o A b
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G MUK sh SR E ZE N &R . Ko, MBC,
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HEgREZm, 1] DOC 7 & 32 25 38R % 5 A1 DON
FHOG, X5 2 B Fu gl R — 80198, B a
WA oy L s3 r (1) SCBRE K AR I, RE A AU AR 2 B-1,4-BE
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IK Tt A ik A LT[ AH 3 558 50 DOC ¥
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{EUR A - R MR i Ak B (2 25 K, X AT RE R R R
TR TR PR L R R A v, SR ME AN K M R 4P,
X pH HAR B A — & B2 RE 775 T AER 2
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