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Composition and stability of organic carbon in the top soil under different forest

types in subtropical China
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Abstract: Soil organic carbon ( C)influences soil physical, chemical and biological properties that control nutrient cycling
and consequently have important impacts on forest productivity and sustainability. Due to the important role of soil organic C
in nutrient cycling of forest ecosystems and global C balance, there has long been an interest in understanding the effects of
vegetation types and forest soil management on soil C pools. Four types of forest vegetations, including evergreen broad-
leaved forest, Masson pine ( Pinus massoniana) , Chestnut ( Castanea mollissima) forest and Phyllostachys praecox forest,
on Linglong mountain located in Lin’an county, Zhejiang Province, China, were selected to study the distribution and
chemical composition of soil organic C using chemical analysis and solid-state C nuclear magnetic resonance ( NMR)
spectroscopy. The results showed that the contents of soil organic C in the 0—20 cm soil layer under different forest types
decreased in the order; Phyllostachys praecox forest >evergreen broad-leaved forest >Masson pine forest >Chestnut forest.
Content of soil organic C under Phyllostachys praecox forest was significantly higher than that under other three types of
forests. However, there were no significant differences in content of soil organic C content among other 3 types of forests.
The proportion of C combined with coarse-sand fraction was the greatest in the soils under evergreen broad-leave, Masson

pine and Phyllostachys praecox forests, while the soil under Chestnut forest contained a larger proportion of C combined with
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clay and silt fraction. The "C NMR spectra showed that alkyl C had the highest intensity among the four C functional groups
in the soils under the evergreen broad-leave and Masson pine forests, while O-alkyl C was the predominant organic C in
soils under Phyllostachys praecox and Chestnut forests. These results indicate that forest management practices can affect
chemical composition of soil organic C. The ratios of alkyl C/0-alkyl C (A/0-A) and Hydrophobic C/Hydrophilic C, and
alkyl-C content increased, but the O-alkyl-C content decreased, with the decrease in soil particle-sizes. In other words, the
finer particles (e. g. , silt and clay) contain more stable soil organic C than the coarse particles (e. g. , coarse and fine
sands) do. However, relationship between aromaticity of soil organic C and soil particle size fractions was not consistent in
soils among four forest types. There were significant differences in aromaticity, A/0O-A and Hydrophobic C/Hydrophilic C
between Phyllostachys praecox forest and other forests. Content and stability of soil organic C appeared to be closely related
to the contents of silt and clay in soils. Therefore, soils with high content of silt and clay can potentially build up greater
amount and more stable soil organic C. In conclusion, vegetation type, management practices, and soil tillage could
significantly affect the distribution and stability of organic C in different particle-size fractions as well as the contents of

organic C of forest soils.

Key Words: forest types; soil organic carbon; particle-size fractions; solid-state "*C nuclear magnetic resonance ( NMR)

spectroscopy ; subtropical zone
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HR A AR, R 28 R R 2 R T R R MR 2R ) R i — A B e

ULAESR g 3R (NMR) B AR T2 B T - 3G MUBR 5/ BRI 5T v 3% TR T 9% 1 38R I3 1) fk 22 41
7 T EA AR KA 3 R ol - 33T AR 73 irk R Ak Rt v, ml LA 7 BT 2% B LA v 5 2 B sk 1) A
XFA3 AR I AN R 28 BB A A B AR A, nT AT A AT MURR 45 R AR AR A AR E M R AR Al ST
[ 2% A HEUR A 27 P ORI AR R 1 AR A0 SRR - 8 AL i) A8 Ak B Bl A ok — ARG 7
P RS E N AN R LR R AR A A B B AT TR ST BN NMR AR 5T I A
HEFRMR 48 R ) R SRR S 25 MRS A LR BRI AR 4 A S A R AR AL I ST A 20

AT BB P AR () R SRR (5 Sk ] I ACORT 5 FE A AR ) R TSI R 2878 08 B K ) 22 B R (Al
SEMANERATHO) AR A FERE L, 26002 B 5T X N R [RIAR 43 T 3 A ML FURL AR 4 43k 7 e SRtk b, 1 A%
BEILIRF AR IE L3k 4 FPk s A HUBR AT, 0T 2B RN 2 B 1 it Xt 398 A BILB SR A2 4 43 ik
it AR FIRR T T SR, A S AT DX I Tl R - 30 2 4 B (IR 2 A A
1 #R5H%

1.1 WS

WFSE CRAE WL A e 2 TR 1, PR AR FR Oy 119°427 E,30°14" N, 3% X @ HlF Hity 25 KU ok, TR e 1
e TR T, U0, —4F2 1 A NS H 7 HREHRA AEESIE 15.8 °C KR 1424 mm,
TCFEWI 236 d, HHEN KR E FEEKCH LI, AT X BRI ] (R 3 ) (BB (10°—15°) Befi (k) |
TR (330—370 m) FEAS— S0 H SR R AR A AR S RS ER AT AR, 4 Fiobfoth i SEA S LN T

(1) T Ak, 2 b DX B TR B 9%, 2 22 35 A A3 7 X ( Cyclobalanopsis glauca ) | ¥ 1 ( Castanopsis
sclerophylla) 55 , M2 25a, F X078 14.3 em A BE R 70% , MR HEARFI AT LA F ( Litsea cubeba ) | 11114
WU( Lindera glauca) %5 , 7855 1E 70% ,ZAMH BTHAA 14.7 hm®, (2) R (Pinus massoniana ) K, 4 7 2
TE20a VA b, R AR AE 10—13 em, 8 3 JF1E 55% —T5% , Mk F A 9A 3% B 245 ( Camellia fraterna) 21
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( Vaccinium bracteatum ) %5 iZMH B H AN 18.5 hm* . (3) MREE ( Castanea mollissima ) HK, A1 &8 H RN AR IR
P2 KRR TR, PRIS 14a, FIAESERE 415 #R/hm’ , FIH04E 14, 4 cm , ZAMKHLETHIFLA 4.3 hm®, B4R
23 YO BBk, AT REAL 3 W, AR 1 ke/MRE B, (4) &I (Phyllostachys Praecox) K, b 14a,
W42 3.5 em, % 1500 #&/hm* , T 1997 4 pH & LR RA ARG AR SRS 7k | bt S i AR 6.8 hm?, 2003 4F2
AT SR R R HAR R 4 11 H AR 12 A BRI TR T pR i 278 35 A DL LA SRR A (R 3
BAETE MM S 10—15 om FEEL, FAE [ AT 25 10—15 em MIZEHE, R 5 & 40 v/hm?® |, 242 55 v/
hm? |, 2B4E 3 4 F 04 2 R 2 1) 2508
1.2 REERST I

2010 4E 3 A bA), 76 FaR PURh AR | A5 m AR 20 mx20 m AYREHL 3 4>, FE [ —REHL N, 20 4%
i 3 A~ BRI, B 0—20 em HJEFESL, KGRI —REHL PN 3 A RGBS VR R R L B
iR A B0 = TR R K, B SR AR R 5 4L 2 mm A9 B 4RAEN

(1) BHERARME RN E 3 pH (AR AR RRR B TE (£ k=1 :5) ; 3G HUAR A F 5 R A0 71 i 4
BE ; HIESACRPOE A i BTy H0E ; A R0 Bray 15 BUSU e QR AR IS TE K
SECEETE I

(2) LHERIEE G AR, A S IR SR (5250 wm) | 41EP (53—250 pm)
FIRTRL( <53 m)3 #8535 ,7E 60 CHET FRE JEAN, FE TR B SN IR0 5 AR 5 i

(3) BHEA VIR REAR AT AR FEIEA TS C B ILIR IS W ar b AT HEF WiAbE, H AR EBR +
B Fe™ R Mn™* 85 F 48 =[G 40 AT B4 1 W b, DR I 2 0 A0 8% . HF TR By 1k £ 225 %100 g HF
FOUAL BRI Y - SFERE (i 0RA T [ 258 A e i - W LRI ZE ( AVANCE 11300 MH) , SEEKRFH 7 mm CPMAS #£53k,
MLMEF K 100. 5 MHz, MAS BESE 4558 K 5000 Hz, FEMRETE] K 2 ms, EFRGER TN 2.5 s, fL2A0IRE I A bg
) R 75 HK (hexamethyl benzene, HMB , H 3% 17. 33ppm ( ppm MAZ#ESLIRBE 1 s A 24 00 B2 A THm s ) X
T M 2R A T DX BRAR 43, ARAT 25 Fh AR 4 53 (R AR 5
1.3 HdlEkbas

FTA A K 3 R B B A B Microsoft Excel 2003 F1 DPS7. 05 &k 4 |58 ., R H
K& 7 25307 (one-way ANOVA) FIET A% 227 ( Duncan’s Multiple Range Test) b #EAN [R] 8504 2H 0] 1) 22 55, &
EPEKPREN a=0.05,
2 H#R
2.1 ARG A B A T2 B

% 1 1,4 FiARsr 322 3 (0—20 cm) pH (HIE5RERME , T8 4. 10—4. 47 Z [a], Hop DBk £
9 pH {Ede e, BOEMIRAR, 57K 8 ALK & B 7E 4 FhbRor b i, B3 & T I fobob 1498 O Ak
FERRIEAR T BAMR MRCIEAR, J5 3 FhAR S A ML & S AEE R B2 S 4 bRy H3Eh  RAT ARG 4
N B N AR P AL K B34 0 3 o AR A Y 35 40 & &, 4 PR [RDRE AR JORL A 437, R AR 5
FERAMRRN AT AR L AT A AR AL . LAKERD A 3, Br o LR AT 609% |, 400 FIA AR 5 e AR UT 5 A A - 358475
DI A 3 BAY & 48. 08% |, T 400 FAs Bk & s
2.2 ARG 3R WL BORAR 2 50 DK 5 A

AL 1 AT AN RIBR S R [RRL AR A AL % 1 25 S W b, ORLAD R R 9 ik i, 389 DA P MR s
(5150 37.43 g/kg F136.93 g/ke) , 35 0 T HA BRI, SR J5 KUK 20 1) 2 [ Ak (18. 05 g/kg AT 22.23 o/
kg) . LEEIAMK(10.88 g/kg F122.20 g/kg) MREEM(6. 14 g/kg F110.57 g/kg) . ByERLHY S hRER, W2 DM
MIR i (30.25 g/kg) , B AR(21. 68 g/kg) FITRATAR(19. 16 g/kg) BT, BUIEAK (13. 94 g/ke) Feflk, [A]—AMk4)
T N RDREAR RO AT DR % 5t 0 22 SR A LU A o 5 R A PRORI AR SE AR [R] R AR AT LA 55 f5 /N3 A1 3
s ECRLSANRD SHAAD  FAAE B R 2R 5 R AR rh ARADFR Bk sk & A g, R D I ik 5 R SR 1K, T
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Table 1 The basic physical and chemical properties of the soils under different forest types
1 S b 77 Pia il A ¥ &
Al 2R TR AR R i " WAL

iV Soil organic Total Available Available available . silt and clay
coarse sand  fine sand ’

Forest types pH carbon nitrogen nitrogen phosphorus ~ potassium particle
’ S)/% FS) /%

Ak ke ke S(mgke)  A(mgkg (VT Ry g
b I B Everg ad-leave
WA Bvergreen broad-deaved ) 19. 89h 1.31b 159. 10b 5.4b 205h 65. 1ab 18.8a 15.5¢
forest(RBLF)
o B P\ : .
S8 AR Masson pine forest 13.62b 0.88d 89.05¢ 5.5h 181c 67.2a 18.5a 14.0c
(MPF)
MRIEM Chestnut forest( CF) 4.10c 12.17b 1.05¢ 107.38¢ 5.9b 133d 48. 1c 21.5a 29.5a
FHIbE Phyllostachys pracc
AR Phyllostachys praceox 4.32h 34.78a 2.21a 264.52a  337.2a 406a 62.2b 13.8b 23.2b

forest( PPF)
1) [FIFVEHR A Rl 78 7R 22 57 10 3 (P<0..05)

A T RARLL A LR b LS LR L 25 S AR R (P 2) ¢ Rk o R AA BRI TR AT AR L
Serb B AL [ RE R 7 A LR (Y BB 5 R R B A MRS FE B 8 38 71 08 % , 1D ML b [ 7
BRT o5 LA /DN TR SRR - 3 DU A3 A 6T R AR B P ol L A9 B A, O 43.83%

45 120 [ OB | B Wk

(mpiiby
WOF o N
S~
~ 35 EFR O 100 |
2 Aa .2
> g
S/D 30 - = &
KA ) 35S 87
B s BE
IS Aabap  Bapfi o
£¢ " ey =3
=< 20rBb 2 B|E 60T
A %E
515t | S
2 i E g - o
8 ] e b =5 40 =
S 10| ; o Kg o
] ke i 5 paies i
: e & Eiies
sH : - = L
o - o 0 B
: i B e = it ]
oLL 2 i e = e !
Ak TR AR G 0 i . . L
RBLE MPE cF PPE WK SRR L
. RBLF MPF PPF
E1 4#HKSTEFGNBRESRNERNSE
Fig.1 Distribution of organic carbon in different sized particles B2 4 fiks 28 R ERE BRI AR & S A PR L6
of the soils under four forest types Fig. 2  The proportions of organic carbon in different sized
ANRRE FHRFRFE—MIARNFE R R TR L LR 2ER B E, A particles to total organic carbon in the soils under four forest
[F)/NE FREFR IR AN R 43 R AR R RLARISUR, 22 H L 4 25 57 W 3 ( P< types
0.05)

2.3 R[EISRGY 3RS ML BRI AR A A ~A S5 R R RAE
2.3.1 TIESADLKR NMR 256909 H

R bR B R AAAR HCSEARRI R AT AR - R ML Y S C g LIRS W& 3 s, 4 Fbkor L3
ML A RE LR 2460 B 4 A B 4R X e 2L X (0—50 ppm) | BE & Bk X (50—110 ppm) | F5 7 ik X
(110—160 ppm ) FIFRIERKIX (160—220 ppm) , HIH - HEA PLIRAZ IR G SR RAZ RN (EK2) . 1@
BRI 5 R A AR 3 BB rh e S s 1 LU e, 43 501 R 52 33% 11 42.62% 5 T AR S AR T A7 AR 2 Jo 48
B 4 g5 1, 43 31 46.07% F1 68.26% ., AHELERT 5,4 Pk B BE A H , 35 A B Rk S Jor o il e/ | H:
TS A RR Y LU d /N BT DS A B L B (8. 12% ), R T A 3 ARGy, T AN ARG B
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B T TR AR (E 5 R bR AR A A S 2 -
o FHEAPLERAY A/O-A R KB/ 25 K65 1 EAE 2 WAk A
DAFWRFIEI ;B bk > T A AR TS T AR, I oo\ it MWW

HAFERENRER, BIM LRGN FE g RenH \
T HoAls 3 Fb S ’ AN
d L
2.3.2 KRS AT HLBR I NMR S5HHEAE wonond\ st ot Moo
I 4 T AR B O LB BOR h
(10 4 AN IOILIRIX U 5 AU RSO, A\ L N
HORLED BRI RIRL 4 bk sy LHER UL — @ 2B (b ke s morek .

(F3) . Bl RSN RGP oBe LR ) L W“ :

I, J5 SR L 1T e, 35 75 R 0 0 VA — B 7 | | w’ﬂ Ww
a3, A/O-A FIBE K B/ 36 7K B 1 L AR 5 388 o i1 4 000w ‘

P TR — SO okt o bR e,
Tt SRS ANTDE J A Bk, A5 2 J5 BB T o5 L 11 ik
K LR 1) 85106 G Ak - AR R 2%, T
75 A LU B S T A AR, 7E A/O-A {H 5 E
KR SRR 3 ANEET |, T PTRR 1345 AR 15 LA b - MR VDR AT TE R R IR 57

B3 4 Fhtker LB AVBAZE IR L
Fig.3 Solid-state '*C NMR spectra of total organic carbon in the

soils under four forest types

K2 ARMKSEBTEPTREVBRE EH S BFVRRE L F)

Table 2 The proportions of different organic carbon groups to total organic carbon in the soils under four forest types

BEER L BB/ 55 KRR

AR Alkyl-C Feak %éﬁi}% . R Feaka Se R Aromaticity Hydrophobic C/
Forest types o 0O-alkyl C/%  Aromatic C /% Carbonyl C /% A/0-A S Hydrophilic C
& AtHk EBLF 52.33a 30. 66¢ 0.82b 15.19ab 1.74a 0.97b 1.18a
M MPF 42.62b 37.37bc 3.02b 16.27a 1.16b 3.65b 0.85b

M ZEMK CF 39.71b 46.07b 2.20b 12.02be 0.88c 1.15b 0.72b
ETM PPEF 11.81c 68.26a 8.12a 9.54c 0.17d 9.29a 0.26¢

JFTRE = 5 AR/ (BB + o0 EUR+ 5 ) }100% 5 B KB/ SR AK Ak = (ot Bl + 5 i ) / (ot S+ LAk )

R3 4TRSS EBIEPIRNERNARREEDADH

Table 3 The proportions of different organic carbon groups to total organic carbon in the soils under four forest types

o i PR BB BB A% SORRUSRB R o D
Forest types Sized particles Alkyl-C 0-alkyl C Aromatic C Carbonyl C A/0-A Aromaticity Hydrophilic C
F&m#k RBLF b cs 48.83b 33.51a 2.88a 14.24a 1.47b 3.40a 1.09b

NS FS 60.86a 27.62a 0.93b 10. 60a 2.22ab 1.05b 1.63a

MRKL SCP 60. 15a 25.11a 0.90b 13.79a 2.52a 1.05b 1.59a
AN MPF AP CS 48.63b 36.62a 2.88a 11.76a 1.34a 3.26a 1.07b

wb FS 54.42a 33.20a 2.28ab 10. 10a 1.61a 2.53ab 1.31a

W ARL SCP 55.90a 32.05a 1.27b 11.11a 1.75a 1.43b 1.33a
MR ZEH CF ik cs 43.94a 44.47a 1.03a 10.56a 0.99h 1.15a 0.82a

AHS FS 45.61a 42.49a 1.68a 10.24a 1.17ab 1.86a 0.93a

WM ARL SCP 52.05a 33.34bh 1.67a 12.95a 1.57a 1.91a 1.17a
T #k PPF HHE Cs 14.38b 72.63a 5.02a 7.97a 0.20b 5.46a 0.24b

S FS 16.74b 71.45a 4.13a 7.68a 0.24b 4.47a 0.26b

Wy Bk scp 28.77a 51.00b 5.46a 14.77a 0.57a 6.60a 0.52a

AN [)/INE FREFIRTEAR R AR T A TRDRLAR AR R B B BE A ) L f91) 22 o e 45 .3 (P<0. 05)
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Fig.4 Solid-state 1> C NMR spectra of organic carbon in different sized particles in the soils under 4 forest types
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