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Seasonal dynamics and content of soil labile organic carbon of mid-subtropical

evergreen broadleaved forest during natural succession
FAN Yuexin'?, YANG Yusheng' >, YANG Zhijie'*, XIE Jinsheng'”, CHEN Guangshui'**, ZHONG Xiaojian'?,
GUO Jianfen'**

1 State Key Laboratory Breeding Base of Humid Subtropical Mountain Ecology , Fuzhou 350007 , China
2 School of Geographical Sciences , Fujian Normal University , Fuzhou 350007 , China

Abstract; Soil organic carbon (SOC) plays an essential role in determining the physical and chemical characteristics of soil
and therefore in determining its fertility. Currently, there has been an additional interest in the role of SOC as a potential
sink for atmospheric CO,.Meanwhile, SOC is recognized to consist of various fractions varying in degree of decomposition,
recalcitrance, and turnover rate.For example, dissolved organic carbon ( DOC) is biologically available and a source of C
and energy for soil microorganisms. Although the absolute C amount in microbial biomass (MBC) is small, the microbes are
the most important labile C pool since they are vital for SOC dynamics and nutrient cycling. As SOC is a heterogeneous
mixture of organic substances, the different forms or fractions of SOC might have different effects on soil fertility and quality.

Forest succession is a fundamental ecological process which can modify biogeochemical cycles, ameliorate stand
conditions and microclimate factors and change in species composition and abundance.Soil carbon, nitrogen and microbe in
the secondary forest succession have been studied. However, changes of soil labile fractions along with the secondary
successional gradient of evergreen broadleaved forests, have not been reported.The objective of this study was to evaluate the

effects of forest succession on soil labile fractions (MBC and DOC) and soil microbial quotient ( SMQ).Soil samples were
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collected from a secondary successional sequence of evergreen broadleaved forest in Wangmulin Nature Reserve in Fujian
Province.This successional series included three sites (one early successional site, one midsuccessional site and one late
successional site) that were closely located. According to the age and vegetation type, we categorized the 15 year-old site as
early successional; the 47 year-old site as midsuccessional; and the 110 year-old site as late successional. These
successional sites are similar in topography, regional climate and soil type.The results showed that SOC, MBC, DOC and
SMQ in 47-year-old and 110 year-old forests were significantly higher than those in 15 year-old forest ( P<0.05).MBC and
DOC in 47-year-old forest were higher than those in 110 year-old forest, but there were no significant differences in SOC
and SMQ between these two forests. SOC, DOC and MBC decreased with soil depth in three successional stages. Also,
succession promoted accumulation of SOC, MBC and DOC in humus layer.We also found that MBC, DOC and SMQ had
significant seasonal dynamics at three succession stages, the lowest values occurred in autumn, and the highest values
transferred from winter to summer with the succession.Seasonal fluctuation of soil MBC content at 0—40c¢m soil depth ranged
from 216.5 to 411.2 mg/kg, 471.9 to 964.1 mg/kg and 374.5 to 903.0 mg/kg in early-, mid- and late successional forests,
respectively.The corresponding DOC content ranged from 486.5 to 667.9 mg/kg, 987.1 to 1 318.2 mg/kg and 828.4 to
1028.9 mg/kg in early-, mid- and late successional forests, respectively.Correlation analysis showed that SOC significantly
correlated with MBC and DOC ( P<0.01).MBC, DOC and SM(Q) were more sensitive to the changes of soil carbon storage
than SOC.It suggested that forest succession significantly affects seasonal variations and contents of soil labile organic C,
which may be attributed to a combination of factors including quantity of litter materials, microbial activity etc., which

would change greatly with the forest succession.

Key Words: evergreen broadleaved forest; succession; MBC; DOC; SMQ; seasonal dynamics
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Table 1 General situation of the experimental samples

I Do

23 WE TR R B X 24 _

WEH Di NH:-N NO3-N
‘S"%K",& t Blewation  Slop High la“:e}‘ler, a}; Bulk density pH  Total N Total P Tl K 4/ o 3k
uccession stages reasl el

g moaem TR Ay N ke k(R ke
TR Early
WEEBI Barly 307 285 67 8.3 135 456 0.9 0.34 8.21 6.21 1.9
succession Stage
OB Middl
BEA A Middle 290 197 102 13.4 122 421 132 0.44 7.23 721 261
succession Stage
TR A Late
BRI Later 355 206 154 17.6 L4 393 1.22 0.46 731 7.63 2.33

succession stage

FHEAR N 2009 4 8 F A AIRIN A NHZ-N F1 NO3-N R 0.5 mol/L B K,S0 1542, W 3h/M A 2

1.3 HHEE LR EE YRR | AT R

I LR (SOC) 7 F 7 SR FH M 1 - A% TR 4 v TRLA/ I % S A -0 19 IV 4k o 12 , T2k W e e ( MIBC) 2 2 000 7 SR FH 4l
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1 K, S0, 7% 1K 1L 1:5 1845 30 min, B0 UE  JEWRZE 0.45 wm (HCFLUE A <05 08, 985 B TOC-VCPH {3 ( B A B AR
5E
1.4 BB 5 5hr

AR Orign8.5 Hil B, H SPSS(17.0) SRS b7 , R BB 2 5 2240 BT fn LSD 2 1 L A vk ilf 47 22 5 1 25 Pk A
5 R =R 2 W M B 2 B AR 1 JZ IR BE T R RS PR PR AR R, LS )2 A SOC . MBC ,DOC FI SMQ A
AT Pearson FHICAM T, SO & 20 13 MBC . DOC & i ]2 SMQ SHZET5 4 {H ,0—40 cm +JZ 1) 3¢ MBC DOC F il
SMQ A4 1 JZ IMACTEHIE.,
2 GHER5HH
2.1 EIEAHURAE P A LA S

TN A BRI 5 1 R A AL & i A R (3R 2) . SOC SMQ MBC I DOC ¥ 438 v 5 W) i 3 5 T8
W11 (P<0.05) ,SOC F1 SMQ 7 H A5 #1003 22 5, MBC A1 DOC W R A& TR I (& 1), w] WL, 400 40 2] b B JE AR 5%
DX P - A ALRR R P AL 1 DR R BRI i e A 3 A e DL 0 W AR AL T A ML B A RRAIT
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Fig.1 The vertical distribution of SOC,SMQ, MBC and DOC in different succession stages
b AN/ NS F B (Rl —Fr B iR E Fi: ([A—12) #nh BEEER (P<0.05) , 0T B2 5

2.3 A YRR AT PRI M 2T B0 A

5 AR Al A 2 R T A B S I bR TR R R R R R R 2 — (36 2) , B 2 AT LA RS [ BE A W m ik T
TRFIEE MR A BN AL (P<0.05) , H& + /25 0—40 em HZMZEW Ak, Hd,0—40 em T2 HIMEY
PRI ASE A 9 A 216.5—411.2 mg/kg (¥ HA) (471.9—964.1 mg/kg( ) . 374.5—903.0 mg/kg ( J7 HH) ; v ¥ 1 5 43 1
486. 5—667.9 mg/kg(#13]) .987.1—1 318.2 mg/kg( 1) .828.4—1 028.9 mg/kg(J5 i) ; WA WM 4050 1.66—3.16(#13) |
2.66—5.44( 1) 2.31—5.57(J5 i) .
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WZ KR TR I o & P2, B BT 2R O I I A B P B deimy , & BRI BB B i, T DL 4% 3 B Bt
9 LSRR E W AR | AT PR AN A R I TE R T AR MK

#* 2 11 SOC.MBC.DOC £ SMQ T =EEZHE=H

Table 2 Three-way ANOVA of the change of soil SOC,MBC,DOC and SMQ

y LA LR BR: {0 GRY] [pER 7 AT PR
CLIEES Soil organic carbon,SOC Soil microbial quotient,SMQ Microbial biomass carbon, MBC Dissolved organic carbon, DOC
Effect factors
daf F Sig. df F Sig. df F Sig. daf F Sig.
A 2 287.005 0.000 2 244.033 0.000 2 875.051 0.000 2 1816.755 0.000
B 2 4789.277 0.000 2 29.702 0.000 2 2388.098 0.000 2 238.658 0.000
C 3 — — 3 285.163 0.000 3 331.299 0.000 3 88.118 0.000
AxB 4 183.271 0.000 4 12.859 0.000 4 170.288 0.000 4 124.986 0.000
AXC 6 — — 6 65.019 0.000 6 89.105 0.000 6 36.149 0.000
BxC 6 — — 6 35.958 0.000 6 10.186 0.000 6 22.395 0.000
AXBXC 12 — — 12 27.738 0.000 12 40.381 0.000 12 20.657 0.000
A B COMMFREENE L ZRE A, AXB AXC BXC Rl AXBXC NFR =# Z IS AR ;— FmARAIEH £
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Fig.2 The seasonal dynamics of MBC, DOC and SMQ in different succession stages
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Table 3 The trend of the world forest soil organic carbon content/store by succession process

A

B IX IR PSR R R ] TEWE AL BRI
Survey region Dominant species Succession time/a  Soil layer/cm Trend References

e i FAR first increased
B [ R Hampshire , England Wi Populus davidiana >120 0—50 SEHIE R first increase [21]

then decreased

SEREARR S, (B TRR K

=2 Picea asperata 0—146 <70 first decreased then increased, [1]

] AR P T % 807 L ik

Thueringen , Ge 1 Alps
ueringen, Lermatty anc Aps but lower than initial level

TERERS Pseudotsuga menziesii , SRR s s XSy e

FEMRH XM Oregon , America BRI Pinaceac V31 Abies %% 13—300 0—100 first decreased. 'tl‘len increased , [4]
but lower than initial level

: W RE R R CIEHEIN first decreased
9%,@ E&ﬁﬁ H E‘J |, R *ﬂJ ! JL WK Northern hardwood 1—350 0—60 %[‘%ﬁﬁ BN first decrease [5]
Wisconsin and Michigan , America then increased

SR - 5
j]l]%j(ifl@h— TR A TR EK Picea rubens <140 0—10 AU B3 no significant change (8]
Nova Scotia, Canada

5y M N ;
%El?{ B . BHHRZSH Oak mixed forest 10—114 0—70 FWHEN accumulate gradually [2]
Rhode island, America
o T BUEHIAR Quercusalienavar
. . acuteserrata. Maxim , T4 & H- 4k 40—130 0—30 BHHEN accumulate gradually [28]
Henan Province, China L P
Carpinus cordata %
{]7R W SR Evergreen broad-

A . . BRI Evergreen broa >400 0—20 BHIE N accumulate gradually [20]
Guangdong Province , China leaved forest
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Table 4 The correlation analysis between SOC,MBC,DOC and SMQ

HHLR SOC A= Py il MBC A PERR DOC APk SMQ
A HLik SOC 0.960 ** 0.560 ** 0.100 ns
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