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Abstract

Soil organic carbon mineralization plays an important role in the biogeochemical cycle. In this
study, the effects of different stands, different soil depths (0~10 cm and 10~20 cm) and their inte-
raction were measured by indoor mineralization culture experiments in three typical forests
(Larch forest, Birch forest, and Larch-Birch mixed forest) in northern Hebei. The results showed
that the mineralization rate of soil organic carbon exhibited a consistent pattern throughout the
whole culture period. In the early stage of culture, the mineralization rate fluctuated greatly, and
gradually decreased to a lower level and remained stable in the middle and late stage of culture.
There were significant differences in the accumulated mineralization of soil organic carbon in dif-
ferent stands, which was in the order of Birch forest > Mixed forest > Larch forest, and the accu-
mulated mineralization of Birch forest is 1.52~2.53 times that of Larch forest and 1.32~2.24 times
that of Mixed forest. The mineralization rate and accumulated mineralization amount of organic
carbon in the upper soil (0~10 cm) were significantly higher than those in the subsoil (10~20 cm),
which showed that the average mineralization rate of organic carbon in the upper soil of Larch
forest, Mixed forest was 1.83, 2.56 and 1.55 times higher than that in the subsoil, respectively.
Both stand types and soil depths had significant differences in soil organic carbon mineralization
(P < 0.0001), and there was a significant interaction between stand types and soil depths (P <
0.0001), indicating that stand types, soil depths and their interaction have significant effects on
soil organic carbon mineralization process.
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1. 5|8

AU R AN EER AR, EE R 5 A . AR R
SR LR HR R E AR R, SRR E VIR [2] [3]. HIEAHURRE LT B
AR R, AEDAERK K T RMTR MEEE; R, BREEAHRE RN, wT DU edt A HLak
JE BRI 58 S A (4]0 ARARAEZS SR G0 e 3 e 26 1) B B il o, o LR 70% DA B [5], AR v 4
ERBRAGIR 9 EHEZLYRAN, ARMAE S RGBS 4E R R CO IR BIMAE . A5 R i rh AL
P BL R AEAN[R] BB T] J 22 18] R 3™ A AR S E e i, 6 T 3R HLB AU R B A+ 5
B Bk, SRR ARG A R 3L AT R % — S A B HETBCRAT EEEAR
XEFIRN T i LSRR AR PR AR A AH N EE th B A B B IS X [6].

[ P9 AN PF 2 2 IR HUBR O A E I BEAT KRBT, fao T R HUay e . BT 55
NI FTE WY1 G et 2 L 3t A o) 83 A A L™ A T 4 i o 5 7% 6 [ PR HHE A2 BT BAIK[ 7] Shahzad
SRR WIREAE LR, AU LIRSS, X2 TR R A O H R S A H ) SUE 8] XIEL
SRR T R E L IE(0~10 en) A HLIRT MR M R B & m T 1= 138(10~40 em) [9]. EFXF A
- JE 74 R B SR HEAT I T, S5 SRR, B ) P IR R B A IR WL A AR 107
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FIAERR . V&R PRFITE IR — EMER A ORI AL A8 Tk 5K 1 7 SR AL X AR i 2 EE A P, 7EIX 3L
G RREE EEAER, (H H AT HF R 0 I WU A AR ST SR R WAROE . ASHIF 7T X
TR VT AL X B 2 LR R AR R IERE O, AR % b R IAL A N =ASKRE X, TR R X
FHXH A 26 KRR R 0~20 om E4E, R ARFEMD . REEEIREO~10 cm 1 10~20 ecm)bh K #1138
BAEFX HIEE WU LR, R NER A% X AR AR S SR S (2 S 3%

2. RS EZE
2.1. REER

HF 50 XA T b 5K K DT 524U X 3R = 1L (N41°0°20", E115°27'43"), %X HZFHSiR 19°C,
AZPSIR-12°C, IEFRRIR 3.7°C, B FKE 488 2K, KR EN 1134050 T5K; X R
KPR E N 42.9 =K, FRTEEN 1.0069 (L T7K; AR 814 KIEMF] 2174 K. Fxii+t
BUSEES R E, RAELEER L BAEEYA 80 £ 301 J&§ 553 Fz %.

2.2. SEREETT

2020 4 10 HEEBFFEIX NI FAMREERL . EMOMREE R DL ST A - SR A PR MR B 3 A
FEASRFEHZ R NAL N =ASREEX, FERANRAE DR FH G M 2R AR AR 0~20 em LFF. (4151
BREE S A MR AR Sk, BGH 2 BT EERE 5 4°C AR A v i, R pe it B AR T 5 i 2 mm i F
TENT AT . IR W E 1.

R HH 2 A IER 5 77 B SOE I 58 B MU AT A B o B T (<2 mm) I IE S 2 TRK S TR A,
FE(25°C + 1°C)IIEIRIGFRA N s 3% 1 8 DARE LIRRAE YR . PSR4l G, 40 MIFRHCH 24 T AT
130 g AR 3 43, B 200 ml Bk, 1K AR B H A RE KR K 60%. AT 10 mL 0.1 mol-L™
(1) NaOH ¥ R /N0 B Thet i, FOREER B ReAr, BT 25 CIHIRRE M N AR IR 42 do 1EREFR
FEEH 1, 3, 5, 7, 14, 21, 28, 35, 42 REFFEHILISON, 546 R AR ISob K B I 2 mL 1 mol- L™
BaClL, i#Wi, FFMA 1~2 Y EKFE R FIEE T S, A 0.1 mol-L™' HCL W€ EL 2, HIE CO, MR
BEIFERE RN G IBRT R BRI RRES, SRR X &R g AT K s BTG
M, CO, BRI, W& 48T RSOM ' NaOH AR EE, &5 CO, A B4

2.3. YIRS R
IR R CO,-C BB METHE AR F[11]:

121
Ceo,-c = (Vo =V)x Cyer x4 Zx—x(1+a) x 1000 o)

O, Ceo,-c AT T IEAHURRAE R R (me/kg): Vo N2 FARE I THFE R SR B AR (mL); ¥
R S E I YRR AR ER AR (mL);  Cuel NERFRIKE (mol/L)s m N LR (g); o N TIEFEE K
(%)

FEFRIERE T CO-C B RBW i A T
Ci= Zi Clco,-c) ®

@Kfr, i HFELR 0 R e B (mgke)s | AEHIRMTIVHECK): oo, oy FIRIES § KT
BeHICNL 52 th B0 BLBR (LB TR (meke)
5 HUBR 2R 4L B (mg/kg) LA R Rt 0/ 7 300 08 A R RO S B e AL
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[mg-(kg-d) " LA B 5 B3t 458 B0 o7 16 1] P B (LB ) B B B
AR ACER AL T . A WU A 2R BB RS KUEE ] EXCEL2016 AT iH 5 8, 2
SPSS20.0 AT HIZEMEAMMT B 2% MW7 32 i Origin8.5 AT IR 4.

3. BRE S
3.1. HEBER

W 1 poR, AR R 3 pH 7E 6.5~7.0 2 A H LR EEZER; THAR SR 2.22+0.04~4.20
+£0.01 gkg 2 [0 AAFEREMEZES, WA I A7 T3 B & BN 2.22 £ 0.04 g/kg, &ML - A
TRAAR B AT HIR A A R =N 4.20 £ 0.01 gkg; HIELBES ELE 0.57 £ 0.01~0.93 £ 0.03 g/kg Z [A] H.
AR S, AR A BB 5 BN 0.57 £ 0.01 g/kg, TEMAA MRS MBS & B
9093 +0.03 g/kg: T MHAAMREIKE 7305 AMRANTE AL - BRI S KRG REEESR, Ak
MEVEMAL - AMORZ RS KB LR EWES, TEH A I T35 KRR 25.00% + 1.89%, H
HEAR T Az 35 7K R F N 43.67% + 0.94%; 133 SOC (Soil Organic Carbon 345 HUEK) & B4 78.79 +
1.22~170.93 + 0.85 g/kg 2 [, T&MFabkrfig Az 13 SOC &AL N 78.79 + 1.22 gkg, FIMEM FIA+
1 SOC & &N 170.93 + 0.85 g/kg (% 1),

R RN, B3RP SRS SOC BB IEMAHK KR, H/KEE SOC B IEMAHKKR, HAbLE
T 22 1) TG B 2 B AH DR R R (32 2)

Table 1. Basic physical and chemical properties of soil

F 1. IR EARIBUM R

oy B - BE pste 3 BKE SOC
i RE P g/kg g/kg (%) g/kg
E 7.0 £0.00a 3.44+0.03d 0.80 £ 0.02b 25.00+1.89¢c  112.40+1.95¢
B IARR i 7.0 +0.00a 222+ 0.04f 0.66+0.01d  2883+3.54cb  78.79+1.22d
T 7.0 £ 0.00a 2.92 +0.09¢ 0.81+0.01b 36.17+£0.71b  112.84+4.51c
£ 7.0 £0.00a 3.86 £ 0.09¢ 0.63 +0.02d 42.00+14la  156.88+7.31b
B#Ebk h 6.8+0.29a 3.87 +£0.04c 0.57 £0.01e 43.00+236a  164.04 + 1.34ab
T 7.0 £0.00a 4.03 £0.04b 0.72 £0.01c 43.67+094a  170.93 +0.85a
S - B E 6.5+ 0.00a 420+0.01a 0.93+0.01a 39.67+094a  167.31+134a
ﬁ‘@%ﬁ i 6.8+0.29a  3.98+0.04bc 0.93+0.03a 3933+£80la  167.31+134a
T 6.8+0.29a 3.46 +0.04d 0.80 £ 0.01b 4333+£330a  168.61+£0.49a
H: AREVNG FRER RN R AR F — B AR AR 22 7 W25 K, P <0.05,
Table 2. Correlation analysis of soil physical and chemical properties
< 2. TIEIBUMERABX S
_ BE pste 3 BKE soC
i pH gkg g/kg (%) g/kg
pH 1
B&(gke) —-0.520 1
B (g/kg) -0.505 0.244 1
EIKE(%) 0.356 0.630 -0.098 1
SOC (g/kg) -0.534 0.906" 0.176 0.860" 1
P THRE P <001,
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3.2. tRrARBTIMABHERT IR

3.2.1. #R5RBN HIRBYEY HEEOR N

FEARFMG T, BN 2 B IR I R A3 38 BRI FIFERE 00 T Ml 3. RN 7R
(6], AR AT Ay — AR SR - AT LA™ e 3 v TV AR AR B S AL . AT LB 1L
AR ILE R FRATHIAE TR, FEREFRIEE 7 R~55 14 R, SR LR S ik B g(E, HAER:
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Figure 1. Mineralization rates of soil organic carbon under different stand types
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3.2.2. KO LIMENERPTLEORD
£ 0~10 em (R ZH3d, AMMREE YR 20 (B m, HUUEEMNA - AMIRSH, &
MR B R R, B MR R i s T A A ARk AR 3 HLRR R AR b v
FAMR BRI IR 1.52~2.53 £, /i AL - AMERS AR BRI 1L E R 1.32~2.24 f5. 7 10~20 cm I F 2
ii%étlj AT B3 A R R A Y S5 WU R AR I RS - BIMRAS AR I EROR, O FTREAR,
JE VR AR 10T S I - A AR AR b i )2 (AR IR K, TRAS AR IR Z, T R IR /(L 2)
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TR
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Figure 2. Cumulative amounts of organic carbon mineralization under different stand types
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cm I N E 8 fERARIFEIN, LR E R MU 8 R R (B35 2 R R A . T Ra AR
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Figure 3. The mineralization rates of soil organic carbon under different soil depths
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33.2. TEFREMNTIRENERTTLENRID

0~10 cm 2 3 BRI B B E T 10~20 cm K2 L3 B0 (LB 4), AHAREE g A7
0~10 cm + 3% ERURT L B i = M 4454.74 mgkg ', FLUCH AMEMAEHL AT 0~10 em 3% BT L
N 3996.16 mgkg o HFE A LR RIERBE R UOE FE TR GER 1.63 (&S LA
1.99 (F& A7) 1.85 &M AA NIEAL) 2.85 (HIMEMR _E3Ar) . 3.07 (BRI 1.76 (EIHEAR TR
Pifir)s 1.69 (GRACHR BE3EAT) . 1.22 GRS FIEALL) 1.73 GRASHR T I AL
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Figure 4. Cumulative organic carbon mineralization in different soil depths
E 4. TRELEREBNRZRTLE
3.4. XN EREN T HAIKRT HHZEIE

TEE WU BB R IR AL AN R N OB I Sk, 7R R LR Ik
HH S 2 AR T 1 o PR A3 R TR SRR R R A WL SR AR B A AE AR R 3 1 2 (P < 0.0001),
HAFAE 525 AR R 5 - Z IR E S BAEE (P < 0.0001) (£ 3). 3X U8 BIAR 2 SRR+ 2 TR 5 0o 394
BUBR AT Al I FE A7 AE S 2 MR, X P RE S AN [ AR 73 2 BRI L B UR B R L3RR, R, sk
VIR B NS H DL BB A VE AR D% Ak, ARSI 22 S 20 sk N IR B RVE VAR 2 5, AR
HOHN LI G RAEAFEREE B EIRPERM S E, DREPENREEAR, K Eei
FIEER . R TIEEREAR A S, EREY) 3 R B i = A G LSy, R GHEANRIERZE
T, ik, RE SRS HENAEVE S TRELE, ARERE RN RO R E R

Table 3. Two-way ANOVA of the effects of different stand types and soil depths on organic carbon mineralization
3. PR XM RRENENRRRT L EXWHNERLTEN T

Bk IIT 24775 df ¥15 F Sig.
L et 9147880.846 2 4573940.423 43.580 P <0.0001
TRREE 17195881.127 1 17195881.127 163.841 P <0.0001
MR < L RIRE 4073826.812 2 2036913.406 19.408 P <0.0001

R*=0.906 (% R*=0.891)
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4. Wig

THEE PN L RREMAE NS 5 T T, ZBEEZEERW, ARBEERET, THaHK R
B WEAEHEER, THaIRT R R A RMIE, X 5% KSR g AR 12]. o2
BURRE N L3R VA AT AE 2 5, PRI v AR ANIE R I, E N 1358 J5 206 L3 BLERAT
= A, AN EEVE DN LI JE A FERR I LI A HUR S &, SR E PR S EAE,
WAk I FR D SRAFAE 22 5 [13] 0 LK, TAVEDE N 38 20 IR A W Bt L b2 DL R eV &5 SR A s
AR IR TR et o= AR R R B AN AR ], AT 338 ML A I R P A AN RN i . RIS, AR R 2 idh
Ve 5 LA T4 03 A e M S A% 88 1) FE B AR DT [ 14], A [RIAE 4 28 AR R 43 A7 LLRAR 2R 7004
P R B ASAH A, HEI S MG MU i R . 2R P K SRR AL 7 A R 1 3R 78 26 28 200 L3 MLenr b id 72
JEVBSRE S0 2E 5, 45 BAS BN ML 3 78 26 2870 F LI MR (kA B B 2= R [15]. BRRE, A
WA EIAR S N LA BB R RN ETAEbR > VERHRA - MRS AR > I RARR . X A RE R A
N, T RARR I RVE DD N VA, AL T MR B, BRI S A LR E D, A
I RA MR T BEE LB 2R LB WAL, ShAh, REEX 097 HHRA PRAL T FH, 1T AR RIS BRI
AT 38, K BH B SR T BB 2 T BT I R AR I S A DL S U I B B R AR A, TR R I L
W b Rt &2 B,

AR 2 B R B LI NI AL A . FACREU IR, TR EGYRT RR LELIL T
B, HEEENURY R 2D s 16], A RBARMFANLSE L. HHEAMARRIEE H1E
BA RIS MFARR 340, HA VU SRR AR, AHUR & &5 &, 1 B 0~10 em /2 85801 S50 AE 5 10~20
em LERK, FLBRERR, AR TRMAEDAT AR R, X AR T BRI WL b 3 2 8 1 R R 2
—[17]. B, RETHHEXT NE LB CO, 82, AN 1bRE 7t B -8 5 13 b i
S A o A0 RS AN TR AR LB A FE B 3 MU L 3 Bt 2 IR I PR 18] 7R
JE s, — 5 SR S A RS AR AT [19], 1 ELBE AR R L R E R, Rt T
YRR BT IR R, AR A A A RSORT I M B 2 R AR AR, S v
FRAR[20] [217 [22], LA BB IE ) P 2 A v B BT LG8 N[ 23], AERRSRHE R, AN it 7 b 20 BE -0
R B LB B A, DRI A R T 3 LR AR RS . BT S, ABFRFHE—ASEET, 0~10 cm £Z
TEEE IR R E R E & T 10~20 cm )2 LIBRE YK R0 E, 7 HA VBRI g 2R 2R
FEAsE > RELEE, MHILTREL S, RELIESHHEZHE RS MMIATEY, FREEHR R KE
(IR AR T4 CA S SR R A S AMIR A WL, B R T e A KRS, BeE N RUE o g R
FEALEE AR, AT R S MU A A

5. &t

ARSI T M SRAAN L JRIR B A HUBRA AL A RE R, AR ST BRI AR 70 SRAL V& AR AR,
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