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Abstract

Aims The optimal patterns of plant community for water use and nutrient utilization, the responses of soil car-
bon and nitrogen turnover processes to forest succession, and the mechanisms of soil organic carbon accumula-
tion, are three critical issues in forest ecosystem study. It is difficult to accurately detect these ecological processes
with conventional methodologies in the short term, yet the application of **C and **N natural abundance technique
may yield important information about these processes.

Methods This study was conducted in Dinghushan Biosphere Reserve. We investigated the natural isotopic abun-
dance of both **C and N of plant-soil continuum along a successional gradient from Pinus massoniana forest (PF)
to coniferous and broad-leaved mixed forest (MF), and monsoon evergreen broad-leaved forest (BF). We also ana-
lyzed the correlations of foliar stable carbon isotope ratio (5*3C) and stable nitrogen isotope ratio (5*°N) with foliar
elemental contents and the variations of soil 5**C and 6™N along soil profiles at different successional stages.
Important findings A significant positive correlation between foliar ™°C and foliar C:N was observed. In both
litter and soil, the 5*3C values tended to decrease along the forest succession, with the order as PF > MF > BF.
Foliar 6°N was positively correlated with foliar N content. The 6°N values of litter and upper soil (0-10 cm) in-
creased with successional status. Both soil 6**C and 6"°N values increased with increasing soil depth at all three
forests. Our results imply that 1) trade-off between water use efficiency and nitrogen use efficiency did not neces-
sarily exist in subtropical forests of China; 2) the application of isotopic technique could assist understanding of
the mechanisms of soil carbon accumulation in subtropical forests, especially in old-grow forests; 3) the **N natu-
ral abundance of plant-soil continuum could be a potential indicator of soil nitrogen availability and ecosystem
nitrogen saturation status.
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F1 HAMRBFFFER BRI E LA [T AR A] 1 72 57
Table 1  Differences in foliar carbon isotope ratio (5**C) and nitrogen isotope ratio (5*°N) of common dominant species among different forest types
AT D A eIz (Ve Giloa =
Common species Forest type 52C (%0) 5N (%o)
LA Pinus massoniana FAMR  Pine forest -29.28 (0.19) —5.15 (0.24)
JRAH Mixed forest -30.30 (0.10)" -4.07 (0.11)"
AT Schima superba VEAZ MR Mixed forest -30.77 (0.53) -3.56 (0.18)
FEHAk Broad-leaved forest -29.19 (0.69) -5.41 (0.09)”
HE Castanopsis chinensis VEAZ MR Mixed forest -30.90 (0.21) -2.73 (0.41)
f@M#k Broad-leaved forest -29.88 (0.79) -3.09 (0.57)
JEFEH: Cryptocarya chinensis JRAEHR Mixed forest -33.37(0.12) -3.75(0.21)
[ Ak Broad-leaved forest -32.94 (0.35) -3.59 (0.40)

FES W ARRHE R ZE (n = 3). B ETTZE Mg R

*, p<0.05; ** p<0.01,

Values are mean (n = 3) with standard error in parentheses. Statistically significant differences are given after one-way ANOVA at * p < 0.05 and ** p < 0.01,

respectively.
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Fig.1 Correlations of foliar stable carbon isotope ratio (6*C) and stable nitrogen isotope ratio (6*°N) with foliar elemental contents.
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O NI 5B AR S (p > 0.05).
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Table 2 The stable carbon isotope ratio (5:3C) and stable nitrogen isotope ratio (5°N) and the C:N of the litter from different forest types

A Forest type FaE R E LR 9°C (%o0) FaERFAME R 5N (%) AL C:N
FA#K Pine forest —28.84 (0.09) -5.19 (0.08)° 46.11 (0.63)
IRASHE Mixed forest -29.78 (0.04)° —4.40 (0.06) 41.39 (0.42)°
f@H#L Broad-leaved forest -30.43 (0.19)° —-4.02 (0.52) 31.73 (1.87)°

TS WEMOARERZ (n = 3). AR TR 0] 22 57 1 2 (p < 0.05)

Values are mean with standard error in parentheses (n = 3). Different letters indicate significant differences among forests at p < 0.05.

3 LIERUER. RIRLLRLERTR S EITT Z s R

Table 3 Effects of forest type, soil layer and and their interaction on soil stable carbon isotope ratio (5**C), stable nitrogen isotope ratio (6'°N), total organic
carbon (TOC), readily oxidized organic carbon content (ROC), microbial biomass carbon content (MBC), total nitrogen content (TN) and the C to N ratio (C:N)

I&:ﬂl@*ﬂiﬂ_{’ﬁﬁﬁ . [N45 & Dependent variable

Main effect orinteraction -~ AR ZLE BEARRE TREANE ARG  GENEwE  RRER WA
s°C % 0N 4 TOC i ROC o B MBC N CN

A Forest type F,=96.39" F,=2.02 Fo=54.74" Fo=24.81" F,=15.34" F,=9232"  Fp=2577"

+ )2 Soil layer F3=53.77" F3=133.56" F3=233247 F3=244477  F3=23.74" F3=23226" F3=162.36"

A+ 2 F11=3.00" Fi = 1.65 Fu=747" Fu=4.62" Fi11=1.83 Fu=6.99"  F;3=4.90"

Forest type x soil layer

FRRBEMIHIIFE, FA T A ErRR A BE. * p<0.05;** p<0.01.

F means the F value of significance testing, number on the bottom-right of F means the degree of freedom. *, p < 0.05; **, p < 0.01.

[ PRI = J2 ) 2 57 A 95 35 (p < 0.01)(383), %2+
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3.1 MEOBC. o™°NEHE
ZBOHIF UGS AL L, ColaM IR R 3= i 2

N 551 F B[] C O3 5 FH K S, COLK 4 1 LUAEL(CH/C)
FA R 2% IEAH OG0 & (Farquhar et al., 1982),
M CICZ A RS IL T M, Rk, o
SPCHMYE & AN s S5 B R B VI R,
AT DA A DA 04 3 7K 43 ) B 2% (WUE) 1) 22 22
Fa#r(Enleringer et al., 1986). A SC4E R BRI
I AN T OCC R BTN, X 5
MR INSAE AR AR DG o B 15 B (AT, ARARAR
PHEER AN, AR EIEACTIR S, SRR, AT
MR AR S K BT R (RS, 2014), HIGE]
ATAEA G B RN ZE i AR 1 2, FAIWUE R [, 1
FrCilC, 7t i, 0 CHEFRI%. X 5Ehleringers% (1986)
TE S P FL 4 AW, PN W55 (1993) Xof I
sy N TAMRIGIE A BRI 458 . B R E
MBI TR ARl 7E ORI I PR A
FEVRET, M R Rl AR, VR L1500 T
AT R TR AS AR o T VR S MR ] 1 R 1) 34 A
Tl 0" C ey AT FE B L AR TR I ) 86 3 2 7, X R
VP T DATRIEEIE B AV T s i U ) 1 AR 2R ) A 4
2SR, TR SR A REE, L
K SR AR B T BE IZ T (] T i A (2
W, RAEFK), TRACHRIE PR [ i B 10 4 (Zhou
et al., 2006b).
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F2 +TIEREmEMRLLERA) SAEVIRSETOC (B). REAFMERILZEC), DA SETN (D)HHHARLRHE(CFE:

PR Z). BF, FAMHK; MR, JRASH; PR, AN,

Fig. 2 Distribution characteristics of soil stable carbon isotope ratio (6*°C, A) and total organic carbon content (TOC, B) and stable
nitrogen isotope ratio (6*°N, C) and total nitrogen content (TN, D) along soil profiles (mean + SE). BF, broad-leaved forest; MF,
mixed forest; PF, pine forest.

o A B0, s I ¢
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] g I
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o s 300 a » b
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E3 AR E TR SEAE IS EROC, A). WA SRR S E(MBC, B)MEKALL(C:IN, CYRMAMCFIERMER
7)o AR RN — LR AR 22 57 2.3 (p < 0.05). PR, #atk; MF, JEZCHK; BF, Rai#h.

Fig. 3 Change of readily oxidized organic carbon content (ROC, A) and microbial biomass carbon content (MBC, B) and the C to N
ratio (C:N, C) at different soil layers under different forests (mean + SE). Different letters indicate significant differences among fo-
rests for the same soil layer at p < 0.05. BF, broad-leaved forest; MF, mixed forest; PF, pine forest.

BEFMK, 5CNEZE EAMHE, 5Tsialtas%
(2001) F 25 S — 2, T 5 At (1) — 28 2538 A1 X
(Cernusak et al., 2013; Zhang et al., 2015), XA {5
ANRIAEE KA T A5 TR 50 B R KPP e R T
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FIE IR SR A <. FIg b, RS PRH1” KI5
T, AN BRI R T A% R L,5- —
R FR AL S AL I (Rubisco) O CRE RIS Mk, e 4 i S
PR, CICFEAK, ™ 76" CHE K (O’ Leary, 1988). T
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M #viy Hh X BT K, RS RauE T AR
RS, AW AR K 2 i 52 1) A 7 97 00 3 (i) 1
PRI (Chen et al., 2015); ShibiiliBEsK 78, I3
KE T, B2 NSRS 2K A, A
S8 H AL SR K, CIC T, 0 CRR . LA
AR TR IE S A E DT AR —
g L S, 7 S RS ARAR VA P AR T R TR B L
A B K 7K 53 F R R AR & 0GR (CN), IF
R EAFAEA EL 20 R MERL ] .

bR FAED AL, PR R EERIE TR R
W 3 R R A RN B SR, TR AR SR AR
FA T s E A U A, X BN B R 2 7 A U R A 3
O, o RO BT N R DA B A
Y% 58 2 10 75 3K (Teherkez & Hodges, 2008). ¥ £ Hf
T EVAAE A A A (AR FAE B o N S NS &
1EAH 2% (Hobbie et al., 2000; Craine et al., 2009), A<
IS 5 2 W) 4 (BI1E), Craine%(2009)iA A
AN BRI X IENE S, RENTER R
R, B ZLONAISAN (WINH;. NOFINGE)
WORTN, RYEEAESN, [RI R0 R 2 H K
JE R B, NS FE A R 7 R oM s vk 59, 580
PIOONR K, 145 R R o NI A IR AL
PRATE A bR A RS K, AT AR N TR A MR 1 3N
AR B T AARK, I e U A R A i
KT P (Templer et al., 2007). 1778 38 AR & AR 13
AL R AFE, BRACHT AN, HERI TR R S A
SNE B AT R DL AR 8] () 25 5, 2 B b T3
Hh AR TR S PR N 205 R bl S B e b -
N AT o
3.2 Tif6°C. SCNIEEEHFENTK

ARG R B R & R B C Y VR B T ) (8
PR — VB AT PR — ] IH PR ) 32 3 B A, FRATT N AT
fERAT WAl bR TE I 2 57 L SRR ) o I
B FA A AL (15 R S i) R0 398 v s Sk A7k 1 WL
(fRIPRERR) MR A 00 o ARk 33 HLIR 5 R IR
TRV A YR N, BalesdentZ(1993) % i i £x
PR HIF 0 % B+ 358 67°C 15 ¥ ¥ 4 0"°C & 1E M 96 K%
Foo ACHHIER THTE DS BCRIAIAMS IR >
K, BT A R R (R 2), §iEsCHAr
—5. BRI, HHEIEASRE 2 A gk I RVE Y
0BC, WA SRV TR AR 3 Rt R P K20 T RN,
385 C R B AN IR AR S5 R, HAi

REZRSE: L AR B P AR ) - 3 BRAUR] L3RR IE 539

[Fl 37 22 VB A RN R 5E (Liao et al., 2006) . i35 A i
B AT, BT AR N NS ARI R AR R, H
RIVHEYICNEEAR(ER2), AP B AL 1,
R AR BT 5 TR TE M0 40 ik, TR T Ay o
FE— B R E bk a8 TV ik R 1m) (LA SR T
AT AE B Y05 A7« AT PE R HLRIE S Ti5).
Huang %5 (2011) F 7t & 3., 24 1) 43 i 5 S50 7%
WIAE At R WP IR FE ) B 200D, Tl
()38 7 (RE JS D R R A L) S8 I o (RIS, ik )
PRI N AR — R ISR | s Rk o A,
DAL Ay L S Al A A S A ) TS 2 S A LS PR
£ J5 (Hogberg & Ekblad, 1996). X b 154E R i 4
L ARAR 3O CCE AR AL, ST R 2R AR,
BATTR AR B I A 3 AL )~ 25 5 B3 i )
FAROR KRR . HH TSR A 152
G AR e N R R DT R B, R R R
FEARTE Jg R i Hh B A0 PR V& 40 23 i AR R B (R L e
i LA R LA (0 o 22, KA B T34t
FEEAC I3

22 J2(0-10 cm) 38 NI B 7 1) 5L I 4 K
M, STEEMONIIAE L —3, R HIHONS
TATEYI I 5 N 2 V1A 9% . Falkengren-Grerup5(2004)
IO ONTT LAE AR IINOS AR X 5 5 . Pardo
S5(2002) KB, A RGBT B AT, A
HF (6 NAE # . Craine 5 (2009) A A HE 4 - 1 3%
SN XS NG At . B R B s
70N AR EFE T LM E AT R BT R Y
Fehr(Xu et al., 2010). TemplerZs(2007)HF 52 B 41
AR 3 A1) 0N -5 4 A A RS ek 2R 35 IR AR G
FATECF AT LY LA, B AE AR AR AT,
BENA R 3G N, AR A R g B R R R R
Fie JE IO NBAT R A FI MR A ) 5
S, X5 39T L TN 2 PR AR N TS R AT
%4 2% (Nadelhoffer & Fry, 1988).
3.3 1i#6°C. SUNEEEIIEMTK

3R - RO CC Y I TR T AR WG K, 5
TOCHIZAL AR S (1812), 1X 5 2 Hoit 7T 45 RAHW)
4 (Ehleringer et al., 2000; Liao et al., 2006). X} X
ol SRMLHR A 22 A LL R UMM

DRI, Tolk#Edr LUk, 2 Critb ik
BRI A5 753 K S th 0 COL BB M AR, i 2 1%
FHLR 6 CAE 5 F K S0 COLAG M B, TR
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ETE,

2) A PCI AL B R AR Sk B . AR HL
AV, ek RBER. BR5) o ClE
K Z 57 1]1£10.3%0 (Hobbie & Werner, 2004). 144
PR AR Ut 3o 5 v B g T ) BR85S AR P C Y
B, AT AR AL 2R 7 TR RS, 3 B0 B 1 38
HHURCCE R, AR E HE PR 2 A,
+- 486" C Uy I T I £ R T 18 K (Nadelhoffer & Fry,
1988; Hogberg & Ekblad, 1996).

JFALEBN S 1H. HERFRIAFEAMLL, BFEA
FUEPER m, RS SEIRIMAE P E AR, RN
W AR UiHiod A2 2 )y 2R B 2% B DA 3 - 3
FLERA 0%k, BUEER B I A WL 0 CHE K.

A)FUAEDFRARI TTHR . Ehleringe®(2000)5 i +
b B SR AN R A e AT B AR R T S
OCCHETE K. o PRR AT B A A e AR s R )
FI T PCHE A SR I A S AR A RS BRI,
T Ak VAR B 1) SRR T R 2 IR LB 6C
[\ 58 K R E (Gleixner et al., 1993).

EASCHIE R EoR, 3B I & 81
IR HI T R L R B (1K13B), 50 CHYR AR I A
— 8. R LPTR, SN T o P CE AL I R
RZ, XKLL AR AT A& 2 i KT 3R A2 BLAR I 25
Ro HERFEERE, AOCE R BRAMFESE M H
T HEOCCHE T IEHI T30 emAbEE D, X 5
BT BWAESSNA K. WAEEE
th, 50 ph T - R A D L 0 A
ATUT SR IR B 7 S (UK 3%, 2002).

E S NE I AR s 2B T 3K
s, 5HIETNE IR ER(ER), X552
B AL RN B o (AT 7T 45 SR — B (Mariotti et
al., 1980; Tiessen et al., 1984; Shearer & Kohl, 1986).
SIEPNE £ E RN RR S, ARmERE
TN ONB RN . SAR N LG S S o
fERIH, LA SAE AT R A A 7 3N AT A AN
V% (Hobbie & Ouimette, 2009). - IF4: il AL Al Sl
TOAEFH, 32k ON B 02 SRR A5 ZR0 7 4 e
RYE, BB 3G LR N BN s 4 (Ledgard et
al., 1984); WYHIHAZN T, THERARMREN, N
B EBORBAS, AL R EAIE, T3
PRRE R bk e bk g, "Nkl & 4 (Liao et al., 2006);
A7, PRI EE AL PN INOS FINH, B T 5
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UL T e A 2 e, 53R 2 33T
AON; NN 2B B 30 TR AN BT R AR SR 1 S Ir) 3
B, A1 3o NI S TR A TR K

4 HEWERE

A 3ok ot 58 L AR AR B R B A A - A R TR
RERFFIERIBE AT, S HCAUREE 8 1) Sbhlka
Fiv TRV 358 (¥ 0" CAE 7 Bl 43 1) 9—33.37%0 —
—29.19%0 . —30.43%0 — -28.84%0 Fll —27.31%0 —
—21.38%o, B [¥] 6N 1H 35 Bl 4 %1 A —4.78%0 —
—2.29%o0+ —5.19%0 — —4.02%0H12.52%0—8.19%o; 2) 15l
) 32 BEAR S Tl i 0" C 5 HLCoN R AR R 3 TE A K
KR, UG H X R AE KA — 2K 5
AN M £, 3) S L AR Ak e A
VKOS CUT I 7 BT A, 0°CH ARF 1 ik
(7 FH A Bl T BGAAR R BRI AL O LR 4)
HFOPN G NGB 2 IEH AL R, REHEM
PO NI E B 7 B K, -+ 136 N{E
FE AL HIR A R B AA S R G R AT R
ISR, 5) 156 C, O ONYLE B TH) 2 I
KIiash, RPREE SRR M, HFa R >
RSN TE 4.

7E BRI T2 JE A, BRATG AR SR LRy
AT ) A 1) A7 28 T BT Mo i b i A A 9
Yoy g FE B IR ), A B AN TR ML 4 1)
SRR 2)38 38 BRI RS 100 NER 7 R
F P AR AR N RO KR AR A
EE£WE BR A RS A4 (31428001, 41573077
#241430529).
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