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Abstract: The substantial soil carbon pool in tundra ecosystems magnifies the importance of even minor alterations, as these
can significantly influence atmospheric CO, levels and are pivotal in managing the global carbon balance. Herbaceous plants
beneath Betula ermanii in Changbai Mountain are encroaching on the tundra, causing considerable shifts in the tundra’s
vegetation. To explore the impact of exogenous carbon inputs on soil organic carbon mineralization and associated
components within the tundra, a 120 day lab incubation experiment was undertaken.. This study selected the indigenous

shrub species Rhododendron aureum and the invasive herbaceous species Deyeuxia angustifolia. Surface soil samples (0—
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15 ¢m depth) were obtained from plots dominated by Rhododendron aureum, and six litter treatments were implemented to
mimic varying degrees of herbaceous encroachment. The findings revealed that: (1) In contrast to shrub litter inputs, a
higher proportion of herbaceous plant inputs substantially boosted the rate of soil organic carbon mineralization, the
cumulative mineralization of soil organic carbon, and the positive priming effect, especially in the incubation’s initial
stages. And all measurement parameters were higher with higher-quality mixed litter input than with higher-quality single
herbaceous plant litter input. (2) As the proportion of herbaceous plant input increased relative to shrub litter input, the
total organic carbon quantity and the proportion of heavy fraction organic carbon in the soil organic carbon pool decreased,
while the proportions of microbial biomass carbon, dissolved organic carbon, easily oxidated carbon, and light fraction
organic carbon increased, and the content of readily available nutrients also increased. (3) Correlation analysis, along with
single first-order single exponential model and first-order double exponential decay model studies, indicated that high-
quality exogenous carbon inputs promoted soil organic carbon mineralization, while low-quality exogenous carbon inputs
favored the stabilization of soil organic carbon. In summary, As the invasion of herbaceous plants escalates, the soil organic
carbon becomes increasingly unstable, Conversely, when herbaceous plants entirely replace shrubs in the future, the soil

organic carbon in the tundra may become relatively stable.

Key Words: Changbai Mountain; tundra; soil organic carbon mineralization; soil organic carbon components; first-order

kinetic model ; soil organic carbon stabilization
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JOT ) HEE AR 55 0 7 720 Sy e it B VR R R AR IR P ), U W RS MRS T R T YR e A A B
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B H, R 36 SOC .DOC \[EOC \MBC & B3 A, B A% 4 547 HLBR R A Re s 2 L {ELFE R i Af2
EFMBRAY S0 s & B, I PE S 3 220 SOC e ME TG 3 R > R W A T e o 2 ek S M AR
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W IEA LR (LR FR 0, B ERITK F L& R BA AR 51 W SRk A A28 e - 3G Pl fbid
T A WU 2 AR P B S, BORE A B T3 AR K 1 L & ST A WL P A AL AT T , Ry R <
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Table 1 Chemical properties of the different litter under different treatments

fbE A (g/kg) W (g/kg) B (g/kg) TR/ % ENEL AL VNTEVE
Treatment Nitrogen Carbon Phosphorus Cellulose Lignin C :N ratio Lignin :N ratio
C1 6.88+0.14e 492.48+1.38a 0.30+0.02b 22.59+0.01c 37.20+0.05a 71.55+1.45a 54.06+5.37a
c2 7.66+0.24d 472.95+0.50b 0.32+0.07ab 24.67+0.01c 27.45+0.01a 61.74+2.08b 35.83+0.76b
C3 8.79+0.05¢ 454.29+0.92¢ 0.33+0.07ab 24.36+0.01c 18.40+0.01h 51.67+0.34c 20.93+0.40c
C4 9.69+0.01b 438.23+0.59d 0.35+0.01ab 27.30+0.01b 13.35+0.01hc 45.21+0.49d 13.78+0.50d
c5 10.57+0.30a 420.11£0.56e 0.39+0.04a 31.76+0.01a 6.43+0.01c 39.75+1.09¢ 6.08+0.20¢

Rl —FUA RN FRER R AR AR B 945 % W AL 22 M R 7 A 8.3 22 5 (P<0.05)

1.2.2 KGR SRR E
2020 4FAKZER (8 HJE)  FEB AR E 3 Bt 10 mx 10 m A4 Bkt BSREERE DT, 60 F SR BRI AE A4
DT R AR Z LIRS (0—15 em) IR AT JE B AMEIRAR Tl Ml Se 0 2 . SRAE L ARG R, SRAE Y AR |
ARG /N B 5 A Rt Y U Ve 0 R SR = A R T ) T 2R TROK B UE R L TE 65°C R LT 48 h B
fHH
7Y C N & 52k H EA3000 JTE TG 5E ; 74 P2 5 >R FI SO M - PR R IT L (0 100 7 v 9
B@*Fﬁ%%nfﬁ’ﬁ%ﬁﬁﬁﬁﬁﬁﬁ@%(%éﬁﬁ%?%{ﬁ‘ﬂﬂzif%% B HLIK ( Total organic carbon, TOC) & &R F E 5%
PR B 25 i 1 AR BRI 5 5 DOC 5 12 I 5 SR T TOC A3 A7 A 7 s MBC 5 1SR T S8 077 BB 75K, SO, 8 4 1k )
FE;EOC K KMnO, 8460 %E ; LFOC  HE2H A LK ( Heavy fraction organic carbon, HFOC) %K F Nal
(1.8 g/em’) BLIF 43 B 5E ; 13 28K ( Total carbon, TC) 4% ( Total nitrogen, TN) ¥ iz % F EA3000
TCERE TN 2E 5 £ 3 £ W% ( Total phosphorus, TP) & & 5K FH T80 1 A 72 >k I %2 ; £ 33 33 20 % ( Available
nitrogen, AN) & i R8I0 HT L (SKALAR SAN++) il % ; 3342 ( Available phosphorus, AP) £ &% FH4H
BP0 E
1.2.3  HdRsb 5 b
(1) AP B i
Cy=Cyux(V,=V,) x44/2m
K, ¢ IR E) P A ML 2R (g/kg) 5 Cho WERFRHCE (mol/L) 3 V, 925 119 & BIARFR (mL) 5
V, R IHFEER R IR F (mL) sm R3S FR LR Y H T (g) .
(2) RHEADLRRE A
W=C,/t
X, W RIEA PR LA (g kg™ d71) 5 C 3 IR ] P - A Bl R & (g/kg) 50 AREFRREL
(d)s
(3) AR R
AHNTI KRN (%) = 100%%(CO,-C, ... —CO,-C_.. ) /CO,-C
K CO,L-C,n FTETAIR SN IRB D T e A - M7 BLI P HER Y — AL 1 L (me/g) 5 CO,-C.o
Ak HEAL B i DA SFEAT BILAs b HE R ) — AR 1B (me/g) o
(4) MG — B )y 2 R B R R e T A Bk
C,=C, X(1-e™)
A, C o EEFRI ] ¢ (d) I AP B (g/kg) s €, 9 ZIEAHLBRIETED L it (g/kg) 3k, K 1B
AP LR E(d) 50 IIEFRRE(D) .
(5) il G — 8 )y 2 IR HO R e T T3 Lk .

control
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C,=Cyx(1-e™)+(T.—C,) x(1-e™)

PFEER B (%)= Co/T.x100%

BEER (%) = (T.-C,) /T, x100%
K, € AREFRIE] ¢(d) B R A LRI B M (g/kg) 5 T o0 HIEEA LIRS 1 (g/kg) sk R HIEABLEK
WALBREE(d) sh N DIEAHIRT LR L (dT) 50 IR REL(d) 5 € L3 5w A= Wyt i o
FI AR FR 33 VA DU BI PR E (g/kg) 5 (T,—Cy) 8T I 1 22 TG A= M0 P L B 1 300y sl 11 2R AR 11
AR R L] 8 P AR B E2 2 (g kg) o

iz FH Excel 2019 #EATHR R, FH SPSS 20.0 #EA T4 G143 B K5 72 01 9 AS R R 95 2 1 -3 ALk |

+3EFRGy R YL L M A A HUBREL S 1 22 5, F Origin Pro 2022 14— 248 J124 8 S B AL, 3%
JH Tukey's HSD #3035t 800 1 2 /K F-0 0.05 IHHEAT2H 8125 He#e , H2R ] Pearson AHSEMEM T4 B K 22 (]
FRIRE A, B Origin Pro 2022 HEATZ IR, SCHP I B0HE  F (s bR iR

2 HREHSH

2.1 SMIRRRAS A AR AT HLER AT AL AR5

(1) BIA LS LR

A FR A WL f A BTG I (1—5 d) PRI BEAR (5—10 d) J5 218 BE AR sl R (10—
120 d) FYEH (18 1) BRI R T, C4 1Y SOC § i A K, CK /Y SOC W fLs A/

e S p NI ALES
SOC mineralization rate/(g kg™' d™")

0 I | 1 1 1 1 1
135 10 15 25 40 60 90 120

123210 1] Incubation time/d

B 1 EFHEREALETEFNRT LER
Fig.1 SOC mineralization rate under different treatments during the incubation period
CK XA C1: AR B B —2F AL BB 7 40 5 G2« AR BE AR ) 85 27 B AL HE -/ Nk 5 LU AR 8 95 400 5 €3 2 TP BE AAREA v 2 AL B -/ i 7t L (B D4
7+ C4 T ARV B A RS-/ N 22 LU 74 5 €5 S8 A AR B —/ N T2 R )

TEE T (1—5 d) AR SOC H b RIE N, T 5 d ik BIE(E , A SRR AR C1—C5 B9 SOC B
A 0 2 5 T ICAME RS A CK(P<0.05) , 7EILHAE] C4 19 SOC I b 2 g AR {3 i K, i85 10.58% , H
WHh C5(7.57%) .C3(4.48%) .C2(1.82%) .C1(0.84%) ,CK 1 SOC B fb i Z A8 b2 /N UK 0.65%
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R R (5—120 d) SOC # L R B M FEAR , 5—10 d A SOC 17 Ak 33 5 F I ) et 8 e ke, Hevb ¢4 1Y
SOC W b R R K, H—-13.02% , Hok o~ C5(-10.95%) .C3(-9.45%) .C2(-8.13%) .C1(-7.43%) ,
CK 1) SOC 5 fb i R 78k Fde /N AU -1.83% ,90 d B &AL FE T Y SOC § kil R 22 5K | 2 (P>0.05) , 1E
120 d B}, C1—C5 /) SOC Wb % XA T CK,

H T L | BE 2 AR R A AR R i A LR, B R T SOC WAk R BRI B R TR soc 54k
R H R 2F B AR RS-/ N 22 FU AL TR A P8 75 W0 AL BRI SOC B b8 R K T B — B AR /i 55 R % 0 A
AEFEAY SOC B LR

(2) B PR RF b

FEREA B 0] | Bl 15 % 0 [R]85 0, A SR A iy A 1 25 A 2+ 398 AL SRAR b i 0 25 T b
TR A RIXTIRZ (P<0.05, [ 2) , C4 B9 - 3EA WLk R0 L ERA S TH e, FEREF P (11—
90 d) , + A HLRR B AL KB IME IR C4>C5>C3>C2>C1>CK 7ERE R 120 d i), + 34 MLk G
At R B IME IR N - C4>C3>C5>C2>C1>CK

PRI, 7 A MR B A R A B | B — 2 Rz RIS A1 = 6 ML SRR b A1, Bl AR A IR
By A LI, - A LR R i AR K (H S —REAAR P AP IR A A DLa 2R LR T rh A%
A Bz b R/ IN B L (A T TR G R O e A R AL R L

—{F—CK

LA HLBR R LR

SOC cumulative mineralization/(g/kg)

1 k |
0 I — | | | | |
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1315 ] Incubation time/d

B2 EFHEARELETIEANBRRRATLE

Fig.2 SOC cumulative mineralization under different treatments during the incubation period

(3) WY

A NIRRT AR 25 A0 B A S DR AL A A SR RO (] 3) HE B — R PR IE Wk A HERDIR &
VAT Wy AN B — B PRV W0 A IE S 2 SO AR AR ], C1 A & 800 sh s ih 46 S B T B BT
(R, C2—Ca BRSO sh A i 2 S B L THIE R R %A, C5 m3 & 200 fh 2k B 906 LT+ R IR S
PARIL=E

TESEFEANA] 1 d I C1ARXH I & 00 B R, T 3—120 d 1] G4 X I8 & 00 e ok . TERE Fe 3 (1—
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5 d) AL HEN IR XHCR RN L 100% , HAE 5 d B C2—C5 AHXF IR S50 35 B WA, 1577 h 5 91 (5—
90 d) A AL R - HERYAIXHIM A AN B AR AR, 5 TR A (90—120 d) B C5 A, AL BT - A XTI A AT
s,

F I AT UL A — A R Aok 55 i A AR B ) T 80 0T B AR Bt e AS AR 5 i A LU 8108 T 380k 200 AR
R B B —FEAHR i A AL B B0 0K B8O /S T AR A e A BN 2 L 1) 98 T U 7 ) e A A B R

180
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120 H
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Relative priming effect/%
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Fig.3 Relative priming effect under different treatments during the incubation period

2.2 AR S AR AT AT AR ZH 43 ()5 T

(1) 5 A L

55t HRA L, 2R A B g B b AN HLBR S A S & 38 0 T 3 B BLRR (TOC) %5 1 (P<0.05, & 4)
2 ARG F AN TOC & i 35 5 T /N R4 AR TOC & & (P<0.05) , ELKEZE /N3 8 75 40 Lo 491 1 34
Jn, TOC & it Sk B b

FEREFEHIM (5 d) , BR—2F B FE B4 A S B — /N B A TOC 22 53 .35 (P<0.05) , TR & U8 5 W0 A
H5PEERARTEE(P>0.05) , B4 R BRI (C1) TOC SRR (191.25 g/kg) , & Bh—/NH- 254 A Y
(C5)TOC 7 (184.03 g/kg) 1Y 1.04 £ ; Bl 5 3RS R HE N, A AL T TOC & EARXS FH53% 5 d 2 TR
e FERESE 120 d TOC Fr & FRERZ KA B AT RS-/t 2 LU AE I TR & 8 P P4 A (C4) Bk b 2 e K, TOC
T (155.80 g/kg) ML THEFE 5 d(188.30 g/ke) FRAK T 17.26% , Bo—24- Je kL BS JVE W A (C1) B8/ i fie
/N, TOC 5 H(167.16 g/kg) FIELTHi SR 5 d(191.25 g/kg) FEAK T 12.60% , EREFRAETH(0—25 d) A7 MK
A TOC &t s T X4 (P<0.05) , (BFERE 5 I (60—120 d) |, BEAS AN i iy A 22 1) ik 3
(C4 1 C5) ) TOC 5 CK 1Y TOC &2 75 AR (P>0.05),

(2)MBC/TOC HAH

Wit 55 7 I TR 3, & A0 3 MBC/TOC BB+ (161 5) , CK ) MBC/TOC 7E 35 77 i #8 Hh i 4y i
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Fig.4 Changes in TOC content under different treatments during the incubation period

/ME L TEREFRHIMI (5 d) & AR BN MBC/TOC HAH 225 A B3 (P>0.05) 5 17 90 d LG , A HEA /N B A Y
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(P>0.05),%5 €3.C2.C1 CK ZbF 225 .35 (P<0.05) . #1120 d B44E 3T DOC/TOC FL{EMSA TR, B IR
Hh HE A2 5N 3E (P>0.05)
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Fig.5 Changes in MBC/TOC ratio under different treatments during incubation
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Table 2 Soil nutrient content changes under different treatments during incubation

5 52 4 s e
TN/ (g/kg) 5 9.50+0.02d 9.60+0.02bc 9.52+0.01cd 9.61+0.03ab 9.56+0.01bc 9.66+0.01a
25 9.37£0.02¢ 9.53+0.02d 9.75+0.02b 9.64+0.01c 9.80+0.01a 9.83+0.01a
60 9.35+£0.01¢c 9.99+0.01b 9.97+0.01b 10.00+0.01b 10.06+0.02a 10.00+0.01b
90 9.33+0.01d 10.08+0.02a 9.95£0.01bc 9.96+0.03bc 9.99+0.02b 9.90+0.02¢
120 9.35£0.02¢ 9.96+0.02a 9.92+0.01a 9.82+0.01b 9.95+£0.01a 9.80+0.01b
AN/ (mg/kg) 5 194.22+1.80d  203.40+2.59bc¢  201.21x1.5led  211.40+4.87b 232.00+2.61a 237.99+1.69a
25 174.00+3.50e 190.38+3.57d 206.75+4.08¢ 226.01+6.44ab  216.39x4.13bc 231.86+4.32a
60 314.18+1.09f 351.00+6.18e 362.65+1.89d 379.23+1.03¢ 395.11+1.39b 405.82+0.20a
90 329.41+1.17d  399.88+1.82¢ 399.88+1.22¢ 402.67+£2.93¢ 469.25+2.01a 420.85+1.27h
120 326.52+0.87d  363.63+1.79¢ 390.50+4.76h 407.10+5.61a 404.58+0.93a 402.16+1.25a
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S A A g 2 3 cs s

TP/ (g/kg) 5 0.76+0.01d 0.76+0.01d 0.76+0.01d 0.77+0.01¢ 0.79+0.01b 0.83+0.03a
25 0.76+0.01e 0.76+0.01d 0.76+0.03e 0.77+0.01c 0.80+0.02b 0.83+0.02a
60 0.74+0.01f 0.76+0.03d 0.77+0.05¢ 0.76+0.01e 0.83+£0.01a 0.80+0.01b
90 0.70+0.01¢ 0.72+0.03b 0.73+0.01a 0.72+0.01b 0.72+0.02b 0.70+0.01¢
120 0.68+0.01c 0.69+0.01a 0.67+£0.01d 0.68+0.01b 0.66+0.01e 0.66+0.01f

AP/ (mg/kg) 5 3.24+0.31b 3.36+0.09b 3.74+0.25ab 4.27+0.16a 4.30+£0.07a 4.13+0.40a
25 3.37+0.09b 3.47+0.03b 3.50+0.20b 3.65+0.25b 3.73+0.42ab 4.47+0.35a
60 4.13+0.79a 4.34+0.07a 4.08+0.06a 4.31+£0.07a 4.63+0.23a 4.52+0.08a
90 4.15+£0.06b 4.20+£0.07b 4.52+0.74ab 4.28+0.33ab 5.50+0.07a 5.50+0.62a
120 4.31+0.10d 4.48+0.11cd 5.25+0.09bc 4.58+0.25cd 6.74+0.53a 5.44+0.24b

TN : 2% Total nitrogen ; AN ; HAA Available nitrogen ; TP . 41 Total phosphorus ; AP ; SRR Available phosphorus ; [f] —1T A [Fl/NE FHEER IR
[F] — B ) AR TR A BT 194 - 3855 43077 1 35 25 57 (P<0.05)
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Fig.7 Changes in EOC/TOC ratio under different treatments during incubation
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Fig.9 Changes in HFOC/TOC ratio under different treatments during incubation
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Fig.10 SOC first-order kinetics single exponential model under different treatments
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Fig.11 SOC first-order kinetics dual exponential decay model under different treatments
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Fig.12 Correlation analysis of SOC, soil physicochemical properties, and initial litter characteristics
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