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Effects of tree species richness and composition on the conservation of plant-derived

carbon and soil organic carbon stability in southern subtropical plantations
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Abstract: Mixed-species afforestation can significantly enhance forest productivity and soil carbon stocks. However, the
effects of tree species richness and composition on soil plant-derived carbon and soil organic carbon (SOC) stability are
poorly understood. In this study, a manipulative experiment designed with a gradient of tree species diversity in southern
subtropical China was conducted to investigate the effects of tree species richness and composition on the preservation and
degradation of leaf- and root-derived carbon components in soils and quantify their contributions to SOC stability by using
cutin-leaf derived and suberin-root derived biomarkers. The results showed that tree species richness significantly increased

the suberin content, but had no effect on cutin content. By comparison, tree species composition significantly influenced the
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cutin content, but had no effect on the suberin content. Soil pH and water content mainly affected the cutin content, while
soil total nitrogen and fungal/bacterial abundance ratio significantly affected the suberin content. The degradation parameters
0-C,;/ X C,; and w-C /Y C; for cutin and suberin were independent of tree species richness and composition, but were
significantly influenced by soil pH, ammonium-nitrogen, and the ratio of carbon to nitrogen. Structural equation modeling
indicated a direct and positive effect of cutin components on the stability of SOC indicated by the ratio of easily oxidized
carbon to SOC(EOC/SOC) and a direct and negative effect of suberin components on EOC/SOC. Tree species richness
increased root-derived carbon in soil by enhancing fine root biomass and fungal/bacterial abundance ratio, thus promoting
the SOC stability. These results provide a theoretical basis for enhancing soil carbon sequestration through an appropriate

silvicultural selection of tree species in subtropical plantations.

Key Words: tree species richness and composition; soil organic carbon; stability; cutin; suberin
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AHIR G A TP A XTI MO R 2R A S B B ARl S B8 H L B TR 7 v 3 b 1dE
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20.5—21.7 °C, %X AN 2 IR I Fe B o0 32, L3S - BN LTSRS 21

GRS X A 5 BB WA SR AKGE M, 2014 4FE LB T 5 BB #A ( Pinus massoniana Lamb.) | £14E ( Castanopsis
hystrix Miq.) . ¥ K ( Erythrophleum fordii Oliv.) . K & HE ( Mytilaria laosensis ) . K 71 14 ( Michelia macelurei
Dandy.) 7 %18 ( Dalbergia odorifera T. Chen) \JK AK3%E ( Magnolia sumatrana var. glauca (Blume) Figlar &
Noot. ) F1 +- L5 ( Aquilaria sinensis (Lour.) Spreng.)8 Fh FE & + BRI FRFEAT AN G Fh 3= 6 BEBREE (1.2.4.6 4~
PR RS AR, A 17 R EC E A3, AR A BRI S 4 A E A, i 68 N/NIX, As[EIECE N 101 45 LTtk
TRAS HRATEER N 2 mx2 m, BEF R B AL L RN DL SR AR R DL A BEAE B AR 1,

R AT WM SR EEH R ERE R

Table 1 Detail information of experimental plantations designed with a gradient of tree species diversity

CSEEC I ST S

Tree TR TP fa5 Mtz e
pecies richness Area/hm? Tree species composition Abbreviation DBH/cm Tree height/m
1 0.27—0.67 M p 8.9+0.6 5.8+0.2
1 0.29—0.44 A E 5.0£0.5 3.8+0.3
1 0.37—0.43 214k C 5.6+0.4 5.3+0.2
1 0.23—0.98 K& HE L 7.9%0.6 7.4x0.4
2 0.24—1.01 I REAA-L1HE PC 7.7£0.2 5.5+0.1
2 0.4—1.65 T EMA-FEAR PE 7.3+0.2 4.7£0.1
2 0.34—0.72 KEHE-HEAR LE 6.3+0.5 5.5+0.4
2 0.53—0.79 AR B oy cD 4.6+0.2 4.5+0.3
2 0.38—0.69 K IR MS 5.1+0.6 4.2+0.4
4 0.27—0.51 Ih RN -2 e - UL - K 1A PCAM 6.1+0.4 4.6+0.3
4 0.3—0.57 b AN -LTAHfE - R - A S A PCED 6.80.1 4.7£0.2
4 0.23—1.22 LT R HE- KRR 3 CLMS 7.620.6 6.5+0.3
4 0.39—0.94 AR 1 ¥ NI i CLED 6.0£0.3 4.920.2
4 0.27—1.19 ZLHE- Kt -K B HE AR AR CMLE 6.2+0.1 5.3+0.2
6 0.33—0.83 RS- LU HE- KO- K B HE- L UTF- IR PCMLAS 7.0+0.4 5.3+0.3
6 0.36—0.8 LR RA-LLHE- KRR EHE-A8 R-Be & 80 PCMLED 6.00.1 4.8+0.1
6 0.44—0.89 LR RA-LTHE -8 AR - KO- K 2 HE- IR PCEMLS 6.9+0.4 5.120.1

DBH: 4% Diameter at breast height

1.2 FEACREE

FERA/DNX N E 1420 mx20 m WREERE . ARG B ERE 7 N BHLATE 16 D14 H 7 cm /Y
S B R EE R R HE)ZE 0—5 em K 16 LS SIR AN — R SRR A AR RAE A ]
TR it 2 mm FLARTH LARR 508 A RS AE P 5 AR S5 2= ot . i 1A T R4 ) DNA 42 ORISR
(NO3-N) EEAA(NH,-N)  FK s IE s )T+ TA5G SRRSO R A PLaR (S0C) (& E ALk (EOC) |
AR CTN) FpH (HIE o SRR TT (v=100em® ) $E SR +430 ) H T8 1328,

FERAFE BRI RS ZRIRE 5 N 1 mx 1 m /NREDT , TR SR V& W, R 3 2 Al vk ) 5 4
AR AR B A RAT 0Pk FAR/N T 2 mm IR RZIRR . E RIS B Y5 B A ZAR T-105 °C
AT 30 min,65 CHET ZAEE  ARE I AN mAR R E Y AR AW, A ST 2019 4 8 il

HoEtE,

1.3 IR D E

FHHICE ML (ECS 4024 CHNSO Classic Analyzer, Ttaly) Il 52 38 FIAL YA & P A SOC AT TN, 43
pH ER FHEE G PHS-3C B pH 3HIIE , K 1 H6R 2.5:1, RHT 2 mol/L S AL BV i DT fif 133 rh B NOS-N
I NH-N, i1 4 A 314k 2% 2 Br A ( Smartchem300, AMS, Ttaly) 2, 4385 /K £ 2R 105 °C AL 32300 2,
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EOC %421 333 mmol/L B iR RAN A AL E ), EOC 16+ 38 vh B 5L i BE bl | 2 H A DR sh A28k iy
MR bR, RS SOC Ay H (s, i -+ Hems vl B s ) |
1.4 +3E DNA $EICHIZE S & PCR 24T

fifi § MIO-BIO Power Soil DNA Isolation Kit 51 & £ B 4= EAE A rp iy A= ) B DR A 3 By 4 Rl 4
VERHBIEAT, R 1.29% B30 05 58 I L 3k R B2 BICHE TR 2 DNA 58 5 B 5 R A7 K, 3% FH 16S rRNA 1)
V4—V5 XJF41],1TS1 DNA J¥ 51 53 B AE S 4 HEAE 5 rb 40 5 R0 5 5 o A 90 B 7% 19 B A 6 I, #5417 PCR
( polymerase chain reaction) ¥ 3% . R H FTC-3000 TM real-time PCR {47520 28 62 ar , I % 41 B F1EL R
B94% DU, 16S rRNA Y V4—V5 XJFHI4FE 598 515F (5'-GTGCCAGCMGCCGCGGTAA-3") Fl926R (5'-
CCGTCAATTCMTTTGAGTTT-3") , ITS1 DNA J¥ 5 B9 FE 55 514 R ITSIF (5'-CTTGGTCATTTAGAGGAAGTAA-
3") M ITSIR(5'~GCTGCGTTCTTCATCGATGC-3")
1.5 5GBSR &

FRELZ) 5g 28 WA FIZEBUS B X £15 20 mL 1 mol/L B S SE LA FH B /K K (80% , IR0 %0 16 B A
R VUG 2 A G 7K R 0 48 T 100 C gk 3 b, Bifi 5 FH 30 mL 580 F Joe FF BT B I T (50 % AR AR 0 8
FEALEE =R B0 A EIEWA IR A —E T LB R AR, 6 mol/L EhfRR % pH 2928 1, K5 H
30mL A BRI TR R I =R SR IG GG 28 W 4 T8 BRI 10 mL HY BEER PR TR B1al301 (95% , IR B 4 %0
F 70 CnP14 hpE iy AL IR PE 1S mLIE C % 40 e IR B IR T (80% , AR 80 ) 2K =K
JE A 1g FE/KBRIREN ( Na,SO, ) bR 258 B K41, AT e e 28 R Wi , R ZE T

B T = G H e H B VR (50% , AR R4 550) v, A 90 L R ( = HY 3 H RE e 2% ) — 9 & M
(BSTFA) 10 wL MERE , F 70 CHTAEAL 1 h, RIS FIG R EN, INALE COGER B 25, SR FH AR 60 3% 5 3 106
{X(GC-MS, Agilent 6890N-Agilent 5973 ) X125 G ANGHHAT r B MY . S GG & 1 B 40 G5 A
DB-5( KK 30 m, AN R 0.25 mm, BEEEE K 0.25 wm) , HERE LR BE 52 H7 280 °C , (i H: FHR AR P ik &
WF AR EE 65 C,fA%F 2 min, DL 6 C/min AFHREFEF 2 115 C A5 L) 4 C/min FHRE AT 2 300
C ARHF15 min, FFHESAEME, W ERE N 1.0 mL/min, R Agilent 7683 ASIHEFERSLL 2:1 H940 7 L
HERE . BT URIREE R 230 °C, PUZLFFIREE N 150 C, i L 70 eV HUESRELE EI B1:C g qT, B 4 [l
41 50—650 Da, it NISTO2 1 NISTO4 i 4 fif 6 o i e S Ok S e b 59
1.6 Z5EBNEEMAESE

FATALEY FEEALE C,,00 C FRILLERR , C B/ AR FEBE R A& A BR 25 A 1 IR 6 T A A ARk &
WAL KB PR IR ( Cpp—Co ) Fl o, 0% 1R, 9, 10-H-a, 0-C s R L 0-C,o/ X C ol 0-C o/ 3 C o B3 )
VE RN F T RN AR R 4 A AR B A FE b, o, X C L EEALE 0-F3E C B, o, 0-C,, FRFIEA C, AU A HL
IR, 3 C 55 C MHFZETIAYIR Y | 0-C o/ 2 C oo Ml 0-C o/ 3 C g Bl FR T30 I A K T3 I8 0 2 %) 4 o T
e
1.7 St

SR B R T 25 A AT RS B AR = 88 AR o 2L 5SRO I 5 i L A S B0 w2, s LSD iF
T2 E ks, K Pearson AHIC/MHT 1 BT FIAR K BT 3 it | KA S 80 EOC/SOC MG &R, FIFHE A A
VA543 BT -0 BE 52 ) #f J55 AAAR: 0 & i ) R T, DL B e BT 4 4 SPSS 24.0 e, FIH R B
vegan F 0] 1358 £ BRI S [T B A 24005 R 5E 164 7B 25 TUAR 53 H7 ( Distance-based redundancy analysis, db-
RDA) , I ik B A AR i, SR FHZE A0 5 B AR A S d e i 15 e A ALAs e M A AR AR IR
S50 7 AU G B R OT RS (P) (LU BAU-G T8 8 ( CFL) FE I 7 1% 22 (RMSEA ) #E471FAL . >4 P>
0.05,CFI1>0.9 1 RMSEA<O0.1 Ff , AR A2 T 1710, &G 1H7E P<0.05 KSF 48T, BT A 1 R FE
Origin 2019b 52k,
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4R Tree species composition

E1 #MEEEMERNARMARRESENZN
Fig.1 Effects of tree species richness and composition on contents of cutin and suberin

# . P<0.05; * * . P<0.01; n.s.: P>0.05

x2 ARNARREESHNETENS TESEESMARENLEIERE
Table 2 Standardized regression coefficients of the multiple stepwise regression for cutin and suberin contents with environmental variables
FRUELL R R4 Standardized regression coefficient
ARt e = 5 B FLDH/ D R

i g 4k = o R? P
Variable Tree species i, ke 7J< = pH %ﬂ Fungi/bacteria
R Soil moisture Total nitrogen
richness abundance
5T Cutin n.s. 0.239 -0.346 n.s. n.s. 0.181 <0.001
AHJF Suberin 0.399 n.s. n.s. 0.255 0.275 0.266 <0.001

2.2 B R R b ZEL BN SO RN A AR o R i S R 5 )

AR TS 0-C o/ X C o M 0-C o/ Y C o v 55124 0.19-0.22 F10.09-0. 11, F4F0=F & B X}
0-C,o/ X C oAl 0-C o/ X C FITMEZM , TEF—FEFERET , ARIRFAHEX o-Co/ X Cfl 0-C/
SC TR EFW(E 2), X w-C/ XC M w-Cy/ X C AL HF AT RDA 4387, 45 5 4 B+ 4 NH; -
N.pH Fl C/N 250 ©-C,./ T C M 0-Co/ X C JIETHE FRFERII BN 15% 12%F 8% (F 3)
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Fig.2 Effects of tree species richness and composition on the degradation parameters of cutin and suberin
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Fig.3 RDA analysis of o-C;s/> C;s and o-C3/ Y C,5 with

3.1 B AR b 2 B BRI A A Jo DR A I
figt 1) 5E )
LA ORI B S AL T R R AR I RAR SRR i A A WL STk v AR . AR R
BT R AR R v P A \if%%fh I K A = 2 PR L e 2 B0 e v AR AR TR B 2 3 DR A7 T i
(2 5 2200 ARG R A B AR I B B TEAR DGO R | SRR R 5 AR S R T

environmental variables
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|
(=]

,9* -04
/Qb . L ) . . . L )
R
x2df=1.2, P=0.181, RMSEA = 0.056, CFI = 0.946 F K % =
Z w =
H+ Factor )

Bl 5 EOC/SOC 54¥5IFEMAFHIRHEXRR ELTERIRAENL L
Fig.5 Cascading relationships of EOC/SOC with biotic and abiotic variables and the standardized total effects of variables
ORI (7 Sk 43 S AR SR LE RN SRR, 3 BE R AR AR TR o A S 35 AR 5 77 Sk Y 0 32 5 0 2R Y iR B2 I AE L, 957 Sk 550 A B0 S s v AL Y B8
BREREL; + . P<0.05; * * . P<0.01; * * % . P<0.001

HORRIRBR 1 RAT o X SR B PR R A PR (2 2E T A0AR AR Wi A9 34 0, S SB5OH i AOAR AN ( 280) AR R 20 1 ) i
A AR — B A0 R R b o R A AR A 4 R A AR IE AR G &R (r=0.43,P<0.001)
A5 3 W AR A= Wy i A 0 R T D SR v M TR 2 B AR S R IR AR A= it 5
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PR/ 200 B R B T AP AR 2 A IEAH GG R (r=0.362, P=0.002) . FLTR/ 2 T 4= B BIE I 2 52 i A A o FR A7 1) 5
BT (£ 2), M, MRS E A D) Z R AR 35 5 m (R 1), 3k — &5 5 3 P o VR AR AR VR e Yot
PEFNE AL S B AR TR B AR, Crow 25120l e B FIAR R B 4 20 16 S TRU AR A3 1] B PR A o 22 5

£ RIUA R [0 11 [ AR R B b Bk T BB 2 5 A 2 8] 52 2 A AH ELVE (9 38 pH (B i A5 L
Fidr i Bk 0 AR 4 pH XA TS LA R RO (2R 2) , RIAEMIRAY pH (R A SR AR
TFREI 3R, Dai 455"t & SRR PE - HEBEHE S A M IR 2 20 20 B A R B L BRME SR R S 1 26 1 R 3 I
FAk, R LA A A BRI Bl A S T, SRR R A AR L AN B AY pH AT REIF
B A T AR B 8 o pH 5 B/ 41w 3= 5 0 2 UM G (r=-0.325,P=0.007) , BL4h, MR E &
Z 3 F SR R E R (R 2) . A TSR K S T 90 o0 i A SR T 7Y S A A% 0 E 1 B
E VTR D A ) T R A S O RN B A g T AT R A T BOE 20 IR A B e, B
PUPE 2 A AR RE W AL S i B AE R 3 M2 T, K A3 R AR S5 Tk B85 1) 52 i AN B3, 3 T B
HT T AR BT (14 PR A7 B 22 M AR T I 5% o T AR 7K 43 2 A o ASBIF S v R 38 05 1 0 AR B ik B8 LA R S
X5 Xia %558 B — 20, AT 4 IR0 B 0 R T AR A A R (G R T ) A R A AR /N

AHIFFE AR T R A 2 O A B R TR R S 4K 0-C o/ X C o Ml 0-C i/ X C YR BRI 5
M (P 2) , e AR B AUACR: e b B R A m AR e M L 1O M BORUR AR T LA 2 4= 0 i 4544
A 3 5 R s Rk A K A AR, S O A T AU A R W R O FL R AR A i S5 A
T LA 1R B AT -3 kA F0 (8 1 FiER 7 . RDA 43 B4 S W pH NHI-N 5 w-C,./ 3 C, AL,
M5 w-C/ T CIEHI;C/N Y 0-C/ XC IEAHX, Y w-Cy/ X C A, R m A ML pH 1Y TR 5T
RELE it KR USRS AL 4343 , (HRE A E DR A A= P e i . DA L 235 SRR R T AR B AN B 42 1) - 18 v A S A
0T A AR A, T A 32 SR o O SRR S R R R A R LA S W AR E
3.2 HORIF PR KL PR L S % A BB AR S P A DTk

STV PRI C B R B R A SR T T b L R e A A WL AR R PR SRk, AT
K EOC/SOC 5 A i it 5t W35 (AH G (& 4) |, SR BAR IR AR 1) PR A7 Rl 0 35 38 o A pLR R e . X 5
Berhongaray* Fl Austin %5 A0 5 — 250, AT A A AR IR B S A A e e - S i v B S EVE T , ARALZU4R
1 A 2E BT B R JEAR R STk - Rk AR e e A R RN M T R IR, AR A v R A
WSS FLH 53 FIAS 55 53 At Rt [T P A5 ) (TN OR B3R 45 ) Bt 1 4 M i B2 R J) e 138 BCHLAE - igerp
15 B8 (R B TR ARG TR DA AR RS - Ak T T U0, AR R S AR R AR v T 5 A AR LA
T 2 A AR 25 5 5 - SR 7 A W B A 27 AR BV R AR Se e e A e Y i AR R A e A
BN HURR | 75 7 28 S5 R 0 1o PH B TR B 30 A 2 1, AT R AL A R SR 2 AR AR BT LA
VA W M AN SR A, FR 0k - AR 2R 1R A SR AR AL B AR H R AR 98 TP W A L )
FA RGBS (HAR R A 55 00k 52 2= A AR F b mT BE 2 — R e i R AL, B R AR A A
LA YIHED )R B R RE T G A7

ARWFFEMEE R A T EOC/SOC 1Y 1 25 TR0 (18] 4) , R B - P M1 p) AR R 5 A ML AL R A3
MRV S AT 2 AN TRE S Y, INEF 4l 2R 25 AE ) ik SRR AL A W AT RE = A PLS AT R B A AU
W) Wang 454 S BT A B0 37 S8 U 7 W 1 M R A 0 B A [0 A ML 10 M 71 %) B SR VL T8
I A AR TS | & IE SR RN, A AL 1, AR AR EES  ARZE A mAARA i
TE BRI S WA (0 A DL AL Bl A R P S 80 BT K A 9 e U, RE RS A0l T i i bE AL A L
G, - V5 i A ISR PR SRR A A B, A A R AR 4 L B AL, I B s g 7

HAAE BN AR PR SARE S 0-C,y T CW5T 0-Cy/ X C i B EIEAX (K 4) , FHHA
R A PRAF RN At B2 P REAFAE — B0k, R4S RS EmTARFS AR . Freschet 2511 I\ Sk i FIAR 2476 — 2K 11
FRIRA NS, I EAED R B D REH R MR, X 0T RE 2 BN [ Ak 2= R84 8 7% 0 AN AR A7 A

http ; //www.ecologica.cn



4982 JAE = 43 4

i R ARG, I, 25 B R R R IR S W ) PR AE RIS T IR A SRR AR Fh Z AR AL T £
A UK A AR E ML AR F 2L

4 Zig

IR A B, AT = R 0 A A P ] AR D - DRI B DR A S e AT 22 5 I RIAR B 2 00 ) e il 5
PFPE BRI TE %, 822 3+ 1 pH NH;-N C/N 9 & 25 52 m 38 PR PR AR 4 43 1 B 2% ML R
TEVEEA B, 1M e 4 70 B AR RN T SRR AS E 1 . WP R R T e e A Y AR A i AR
W v 2 R e 2 - e AR DRBR ZH 73 B DRAT R ARUE A MLBR 2 . ASBIESE AT A7 T AR B 41 70 7 4%
il AR L A LA R R M v ) FE B I 5 PTA A [R) AR 00 A DRt 20 53 DRAr R A b B S A Bl 7
R AL A 2 AF T LA HLBR B AR A2 BIL R

£ 2% 3 ik ( References) :

[ 1] PauschJ, Kuzyakov Y. Carbon input by roots into the soil; quantification of rhizodeposition from root to ecosystem scale. Global Change Biology,
2018, 24(1) . 1-12.

(2] XU&E, B, &M, kb, 200, BEoRSC, RN, 220, 2508, D, IRIREE, T4, Wenlsh. WA R BT e AN RN MR AR 9 d AR
TIAEBE R 2 5. WA E 240, 2022, 39(4) : 717-726.

[ 3] Mensah S, Veldtman R, Assogbadjo A E, Kakai R G, Seifert T. Tree species diversity promotes aboveground carbon storage through functional
diversity and functional dominance. Ecology and Evolution, 2016, 6(20) : 7546-7557.

[4] MaT, Dai GH, Zhu S S, Chen D M, Chen L T, Lii X T, Wang X B, Zhu J T, Zhang Y J, Ma W H, He J S, Bai Y F, Han X G, Feng X J.
Distribution and preservation of root- and shoot-derived carbon components in soils across the Chinese-Mongolian grasslands. Journal of Geophysical
Research, 2019, 124(2) . 420-431.

[ 5] BN, Blam, 2280, RIUE, J0R, SAK. TR JLRYZRACHE T R T P8 & P A 13RS MUK B A5 VA 8 5 . o, T AR 7S
%, 2021, 32(3): 825-835.

[6] FHRA, EXF, skiFH, gl RISLARIE % A28 -+ 306 HUBRIGRZ 0. PHILARMRBHE K24 . ASRBIFIT, 2021, 49(6) -
18-26.

[ 7] Montané F, Romanyt J, Rovira P, Casals P. Aboveground litter quality changes may drive soil organic carbon increase after shrub encroachment
into mountain grasslands. Plant and Soil, 2010, 337(1/2) . 151-165.

[ 8] Clemmensen K E, Bahr A, Ovaskainen O, Dahlberg A, Ekblad A, Wallander H, Stenlid J, Finlay R D, Wardle D A, Lindahl B D. Roots and
associated fungi drive long-term carbon sequestration in boreal forest. Science, 2013, 339(6127) . 1615-1618.

[ 9] Brassard B W, Chen H Y H, Bergeron Y, Paré D. Differences in fine root productivity between mixed- and single-species stands. Functional
Ecology, 2011, 25(1) ; 238-246.

[10] Freschet GT, Cornwell W K, Wardle D A, Elumeeva T G, Liu W D, Jackson B G, Onipchenko V G, Soudzilovskaia N A, Tao J P, Cornelissen J
H C. Linking litter decomposition of above- and below-ground organs to plant-soil feedbacks worldwide. Journal of Ecology, 2013, 101(4):
943-952.

[11] Kitterer T, Bolinder M A, Andrén O, Kirchmann H, Menichetti L. Roots contribute more to refractory soil organic matter than above-ground crop
residues, as revealed by a long-term field experiment. Agriculture, Ecosystems & Environment, 2011, 141(1/2) . 184-192.

[12] Xia M X, Talhelm A F, Pregitzer K S. Fine roots are the dominant source of recalcitrant plant litter in sugar maple-dominated northern hardwood
forests. New Phytologist, 2015, 208(3) ; 715-726.

[13] Tolete, BGRHRE. AYIAR S YRR L R IG RO 5T T NI, 8241, 2013, 50(6) : 1207-1215.

[14] WREE, TRz, X0, 5985, ®WEE, DH, XET. EUAREY R HAER RGP R, YA 7M. 2020, 44(4):
384-394.

[15] Mueller K E, Polissar P J, Oleksyn J, Freeman K H. Differentiating temperate tree species and their organs using lipid biomarkers in leaves, roots
and soil. Organic Geochemistry, 2012, 52 130-141.

[16] Andreetta A, Dignac M F, Carnicelli S. Biological and physico-chemical processes influence cutin and suberin biomarker distribution in two
Mediterranean forest soil profiles. Biogeochemistry, 2013, 112(1/3) ; 41-58.

[17] Spielvogel S, Prietzel J, Leide J, Riedel M, Zemke J, Kogel-Knabner 1. Distribution of cutin and suberin biomarkers under forest trees with
different root systems. Plant and Soil, 2014, 381(1/2) . 95-110.

[18] Deng L, Shangguan Z P. Afforestation drives soil carbon and nitrogen changes in China. Land Degradation & Development, 2017, 28 (1)
151-165.

[19] Jacob A, Hertel D, Leuschner C. Diversity and species identity effects on fine root productivity and turnover in a species-rich temperate broad-
leaved forest. Functional Plant Biology, 2014, 41(7) . 678-689.

[20] Williams L J, Paquette A, Cavender-Bares J, Messier C, Reich P B. Spatial complementarity in tree crowns explains overyielding in species

mixtures. Nature Ecology & Evolution, 2017, 1(4): 63.

http ; //www.ecologica.cn



12 4] WRGEFE A AR R AN ZE RO R RS N TR b AR W R DR A B A DILBRAR SE T A 5 e 4983

[21]

[22]
[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

BIEEAE, ERE, XIS, FAE, OREGE, RIS, BRI, Wi RIRD S AR R R MR L TR A RS o A A
#z, 2022, 33(6) . 1511-1517.

Ty b7, FIEA, B, XUSRAS, A% HURAE, R RFESE LB B EHEE A PLR 225 25244, 2012, 32(8) : 2603-2611.
Yang Y J, Liu S R, Schindlbacher A, Wang J X, Li Z Q, Wang H, Ming A G, Lu L H, Li Z Y. Topsoil organic carbon increases but its stability
declines after five years of reduced throughfall. Soil Biology and Biochemistry, 2021, 156 108221.

Huang Z Q, Clinton P W, Davis M R. Post-harvest residue management effects on recalcitrant carbon pools and plant biomarkers within the soil
heavy fraction in Pinus radiata plantations. Soil Biology and Biochemistry, 2011, 43(2) . 404-412.

Mueller K E, Eissenstat D M, Hobbie S E, Oleksyn J, Jagodzinski A M, Reich P B, Chadwick O A, Chorover J. Tree species effects on coupled
cycles of carbon, nitrogen, and acidity in mineral soils at a common garden experiment. Biogeochemistry, 2012, 111(1/3) ; 601-614.

Wang J J, Bowden R D, Lajtha K, Washko S E, Wurzbacher S J, Simpson M J. Long-term nitrogen addition suppresses microbial degradation,
enhances soil carbon storage, and alters the molecular composition of soil organic matter. Biogeochemistry, 2019, 142(2) . 299-313.

Lang’ at J K, Kirui B K Y, Skov M W, Kairo ] M, Mencuccini M, Huxham M. Species mixing boosts root yield in mangrove trees. Oecologia,
2013, 172(1): 271-278.

Zhou GY, Zhou XH, LiuRQ, DuZ G, Zhou LY, LiSS, Liu HY, Shao J J, Wang ] W, Nie Y Y, Gao J, Wang M H, Zhang M Y, Wang X
H, Bai H. Soil fungi and fine root biomass mediate drought-induced reductions in soil respiration. Functional Ecology, 2020, 34(12) . 2634-2643.
Crow S E, Lajtha K, Filley T R, Swanston C W, Bowden R D, Caldwell B A. Sources of plant-derived carbon and stability of organic matter in
soil; implications for global change. Global Change Biology, 2009, 15(8) : 2003-2019.

Zhu S S, Dai GH, MaT, Chen LT, Li X T, Wang X B, Zhu J T, Zhang Y J, Bai Y F, Han X G, He J S, Feng X J. Distribution of lignin
phenols in comparison with plant-derived lipids in the alpine versus temperate grassland soils. Plant and Soil, 2019, 439(1/2) ; 325-338.

Dai GH, Zhu S S, Cai Y, ZhuEX, JiaYF, JiCJ, TangZ Y, Fang J Y, Feng X J. Plant-derived lipids play a crucial role in forest soil carbon
accumulation. Soil Biology and Biochemistry, 2022, 168. 108645.

Berhe A A, Kleber M. Erosion, deposition, and the persistence of soil organic matter: mechanistic considerations and problems with terminology.
Earth Surface Processes and Landforms, 2013, 38(8) : 908-912.

Nierop K G J, Naafs D F W, Verstraten ] M. Occurrence and distribution of ester-bound lipids in Dutch coastal dune soils along a pH gradient.
Organic Geochemistry, 2003, 34(6) . 719-729.

Cusack D F, Chou W W, Yang W H, Harmon M E, Silver W L, The Lidet Team. Controls on long-term root and leaf litter decomposition in
neotropical forests. Global Change Biology, 2009, 15(5) : 1339-1355.

Jonsson M, Wardle D A. Context dependency of litter-mixing effects on decomposition and nutrient release across a long-term chronosequence.
Oikos, 2008, 117(11): 1674-1682.

Liu L L, Wang X, Lajeunesse M J, Miao G F, Piao SH, Wan S Q, Wu Y X, Wang Z H, Yang S, Li P, Deng M F. A cross-biome synthesis of
soll respiration and its determinants under simulated precipitation changes. Global Change Biology, 2016, 22(4) : 1394-1405.

Hobbie S E, Oleksyn J, Eissenstat D M, Reich P B. Fine root decomposition rates do not mirror those of leaf litter among temperate tree species.
Oecologia, 2010, 162(2) : 505-513.

Xia M X, Talhelm A F, Pregitzer K S. Long-term simulated atmospheric nitrogen deposition alters leaf and fine root decomposition. Ecosystems,
2018, 21(1): 1-14.

Berhongaray G, Cotrufo F M, Janssens I A, Ceulemans R. Below-ground carbon inputs contribute more than above-ground inputs to soil carbon
accrual in a bioenergy poplar plantation. Plant and Soil, 2019, 434(1/2) . 363-378.

Austin E E,; Wickings K, McDaniel M D, Robertson G P, Grandy A S. Cover crop root contributions to soil carbon in a no-till corn bioenergy
cropping system. GCB Bioenergy, 2017, 9(7) : 1252-1263.

Menichetti L, Ekblad A, Kitterer T. Contribution of roots and amendments to soil carbon accumulation within the soil profile in a long-term field
experiment in Sweden. Agriculture, Ecosystems & Environment, 2015, 200: 79-87.

Kramer M G, Sanderman J, Chadwick O A, Chorover J, Vitousek P M. Long-term carbon storage through retention of dissolved aromatic acids by
reactive particles in soil. Global Change Biology, 2012, 18(8) : 2594-2605.

Jilling A, Keiluweit M, Contosta A R, Frey S, Schimel J, Schnecker J, Smith R G, Tiemann L, Grandy A S. Minerals in the rhizosphere;
overlooked mediators of soil nitrogen availability to plants and microbes. Biogeochemistry, 2018, 139(2) . 103-122.

Bengtson P, Barker J, Grayston S J. Evidence of a strong coupling between root exudation, C and N availability, and stimulated SOM
decomposition caused by rhizosphere priming effects. Ecology and Evolution, 2012, 2(8) . 1843-1852.

Fontaine S, Barot S, Barré P, Bdioui N, Mary B, Rumpel C. Stability of organic carbon in deep soil layers controlled by fresh carbon supply.
Nature, 2007, 450(7167) : 277-280.

Wang H, Boutton T W, Xu W H, Hu G Q, Jiang P, Bai E. Quality of fresh organic matter affects priming of soil organic matter and substrate
utilization patterns of microbes. Scientific Reports, 2015, 5. 10102.

Shahbaz M, Kuzyakov Y, Heitkamp F. Decrease of soil organic matter stabilization with increasing inputs: mechanisms and controls. Geoderma,
2017, 304. 76-82.

Wang H, Liu S R, Mo J M. Correlation between leaf litter and fine root decomposition among subtropical tree species. Plant and Soil, 2010, 335
(1/2) : 289-298.

Freschet G T, Comnelissen J H C, van Logtestijn R S P, Aerts R. Evidence of the plant economics spectrum’ in a subarctic flora. Journal of
Ecology, 2010, 98(2) : 362-373.

http ; //www.ecologica.cn



