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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 (6"°C) and stable nitrogen isotope ratio (9'°N) with foliar
clemental contents and the variations of soil 6"°C and 6"°N along soil profiles at different successional stages.
Important findings A significant positive correlation between foliar 5"°C and foliar C:N was observed. In both
litter and soil, the 53C 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 5'°N values of litter and upper soil (0-10 cm) in-
creased with successional status. Both soil 6"°C and ¢"°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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Table 1 Differences in foliar carbon isotope ratio (5'°C) and nitrogen isotope ratio (5"°N) of common dominant species among different forest types
SH R A LVl = FaE B AR R
Common species Forest type sBc (%o0) N (%0)
KN Pinus massoniana FAMK  Pine forest —29.28 (0.19) ~5.15(0.24)
A Mixed forest -30.30 (0.10)" —4.07 (0.11)
ARt Schima superba VRAZHK Mixed forest -30.77 (0.53) -3.56 (0.18)
WAk Broad-leaved forest ~29.19 (0.69) ~5.41 (0.09)"
HE Castanopsis chinensis VRAZM Mixed forest —-30.90 (0.21) —2.73 (0.41)
W& IH Broad-leaved forest -29.88 (0.79) -3.09 (0.57)
JE5EH: Cryptocarya chinensis VAR Mixed forest —-33.37(0.12) —3.75(0.21)
[#M-#K Broad-leaved forest -32.94 (0.35) -3.59 (0.40)

1855 W BUE AR R Z(n = 3)

o BRI EN ML

* 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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Table 2 The stable carbon isotope ratio (6'°C) and stable nitrogen isotope ratio (6"°N) and the C:N of the litter from different forest types

AL Forest type FaE AL L E 5C (%) FaE RIARLZELZE 5N (%) AL CN

FA#K Pine forest —28.84 (0.09) ~5.19 (0.08)° 46.11 (0.63)"
IR Mixed forest —29.78 (0.04)° —4.40 (0.06)™ 4139 (0.42)°
fE I #k Broad-leaved forest -30.43 (0.19)° —4.02 (0.52)" 31.73 (1.87)°

155 WEHE AR ER Z (n = 3). AR TR R 25 52 (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 LEREH. BFRMRIEEATR S BN Z AR
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 (70OC), readily oxidized organic carbon content (ROC), microbial biomass carbon content (MBC), total nitrogen content (7N) and the C to N ratio (C:N)

ERNRAZ AR [FZF & Dependent variable
Main effect or interaction

FoEikFEMRELER REAFME DIEaEN SR E K WMAEMEY & RESE KA
s’ % o N 44 TOC 44 ROC WA MBC TN CN
A Forest type F,=96.39" F>=2.02 F,=54.74" F,=2481" F,=15.34" F=932"  F,=2577"
+J2 Soil layer F3=53.77" F3=13356" F3=23324" F3=24447"  F;=2374" F3=23226" F;=162.36"
M+ 2 Fi1=3.00" Fi=165 Fn=747" Fn=4.62" Fi =183 Fn=699"  F;;=4.90"

Forest type X soil layer
FRREEERHFE, FA T rRRBHE. * p<0.05;**, p<0.01,

F means the F value of significance testing, number on the bottom-right of ' means the degree of freedom. *, p <0.05; **, p <0.01.
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Fig. 2 Distribution characteristics of soil stable carbon isotope ratio (9"°C, A) and total organic carbon content (TOC, B) and stable
nitrogen isotope ratio (6'°N, C) and total nitrogen content (7N, D) along soil profiles (mean + SE). BF, broad-leaved forest; MF,
mixed forest; PF, pine forest.
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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 for-
ests for the same soil layer at p < 0.05. BF, broad-leaved forest; MF, mixed forest; PF, pine forest.
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WIAE 53 fff ok o W T R PRS0 0 k2>, b R RS
(RIS 73 (R s 4 R T S PR LR B o RIS, ST s )
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A HLBT 53 e R B P B0k PR 4, 2002).

350 NTE T R TR ot B L S T K
@, 5HEINEIMH R AR ERER), 5%
Hor B AEARMAN F b T 78 25 3R — B (Mariotti et
al., 1980; Tiessen et al., 1984; Shearer & Kohl, 1986).
AN RN RN E, AREHRA
X PN MBS PN LA S A 5 4
fiEe I, DA SR A AN S R A B e - SN I A2 A
VA (Hobbie & Ouimette, 2009). 3L AL A SR
AR, 3TN B A A R A U Tl R s
RS, R 3 LR PN N 2 (Ledgard et
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1 2E B S BFh Fr o C 5 HCN BB 3 IEA S
KR, TR M XA AR KA — & 2K o
IR e RN = I A R T ey N e
FEVE IOV CUT I 7 [ B HT 4K, 0°C H AR F 1 ik
(10 N FH AT Bh T AR AR TV LA 1) e B 4)
o NS ANG B EIEMELR, £E LM
TVE IO NIRRT 7 B HTH K, M- 30N
AR VEAS IR A A A S R G AR
SHNBAESRFR; 5) 136 C. o NYS TR B T S
K, RPMESIRESE N, EEEPUE S
i SN 5E 4

TE MR O B b, BATTRE 4 SRk L P 7
T A 1) R 25 B B R ff b i A R
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