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Abstract: In order to determine the vertical contents and the seasonal variations of none-labile carbon (NLC)
under different forest types, soils samples at 0 ~ 10, 10 ~ 20 and 20 ~ 40 cm depth were collected from six forests,
including shrub-grass forest, masson pine forest, Eucalyptus forest, native-species forest, Acacia forest and
monsoon evergreen broad-leaved forest, respectively, in Heshan. The results showed that soil NLC declined with
the soil depth in the six types of forest with the highest NLC contents at the surface layer (0 ~ 10 cm depth). At the
surface layer soil, the contents of NLC were significantly different among the forest types with the highest level in
Acacia forest and the lowest level in masson pine forest. At the deeper layers (10 ~ 20 cm and 20 ~ 40 cm depth),
the Acacia forest had the highest NLC while the other 5 forest types had the contents of NLC without significant
differences. Among the six forest types, there were seasonal patterns of soil NLC with the higher ratios of NLC
to soil organic carbon (SOC) in wet season than in dry season. The ratios of NLC/SOC among the six forest types

indicated that Acacia forest and shrub-grass forest were helpful to increase the contents of soil NLC at all layers,

R HER: 2012-10-29 BEZHHP: 2013-01-05

BEETHE: HEEAREMIEHAI2013CBI56701); [FH5 [ RFI=EA T I H (31170427); rh ERE b ILRIET IR H(KSCX2-EW-J-28);
T ZRAA MM BB L % 4T H (2010KICX014); [ HAFHE 175 H (2010B031800016) -4 % 1)

FEBIA . 2 FH1987 ~ ), Zo BWERF50 A, DF98 7 ) AR A 252 . E-mail: xidan2010@scbg.ac.cn

* i HAE#H Corresponding author. E-mail: kuangyw(@scbg.ac.cn



204 PGHT Ay 2 )

F214%

while masson pine forest, Eucalyptus forest, native-species forest, and monsoon evergreen broad-leaved forest

were helpful to stabilize the contents of SOC at deeper soils.

Key words: Heshan; Soil depth; Soil non-labile carbon; Soil organic carbon; Forest type
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WF9E XA T b R B L AR AR S R g
B AT 2 0L I BIF 5% 3l (TR PR g Ly, el A7
S 22°41'N, 112°54" E, J& ) 7548 9 W #4518 v
FrBg X, S B A R S AR 2 U0, A I i 1
WA AR 217 C, BT KR
N 29.2°C, Fe e A IR 12.6 °C, A i fie e i S5 3k
37.5°C, Wi IR EE R 0°Co AP = 10°CHH
HOBUR R 7597 °C AR HIBEK R 1700 mm, 4R35
KR 1600 mm"?, Frfg 38 R AR, SR
2 N T, 1 22 DGR AR R e s B
1984 A6, B 1L o R B T 1T 2R T, BEATAE
PG WFFEIR AR R B e A AE R RS
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(1) #EF MR (Shrub-grass forest, SF): FE A Fh
R FH (Dicranopteris pedata) M —Y5/NEA ;

(2) 5 i B R (Acacia forest, AF): kit A 25
UL MR TR ARG N 40% ~ 60%; - i te
ik 20 ~ 25 om, Wb RIHIE YR 2 AP E 28G4T
W (Carallia brachiate) .4 4-(Syzygium levinei) . &
MH A (Syzygium cumini)s ;

(3) M M (Eucalyptus forest, EF): #4155 15 m L)
LB 15% ~ 30% M AR 6 A 4L G
(syzygium hancei) T F(Fagerlindia scandens) .
LK B (Uvaria microcarpa)?%;

(4) & B FAFR(Massion pine forest, PF): 3 % J&
I WM (Pinus massoniana) N\ T MK, P& ik 28 45 DU
1, AR R 20 ~ 30 em, D RN 35 R 25% ~
35%, MR AH B A 59 B2 % (Litsea rotundifolia) 8 %
(Aporusa dioica) . B} & (Cinnamomum burmanni) . Ju
Y9 (Psychotria rubra)%;

(5) ZHIFIPK (Native-species forest, NF): F-EELAff
A (Schima superba)} 5 , {445 JU5(Psychotria rubra)
E4E(Aporusa dioica) JENG AR ZT(Litsea glutinosa)=;

(6) Z=RUH LR M (Monsoon evergreen broad-
leaved forest, MF): ZRMAR A FE ik 85% LA L, ARF
AR GRAMEYIFN IR D, R 5 YR .
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(2748 £323) gkg ', BEEH T HE S M2
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Bl 1 AR T AFZ R EHENLC Fi. [F— 22 EARRIRE AR — A D AR NG FRROR B &2 5 (P < 0.05). AF: 5h
AHIEAR; EF: MeRIAR; MF: ZERUE SRR SF: BEROMG NF: £ 2RFPMRG PR SRR,

Fig. 1 Content of the soil non-labile carbon (NLC) among the soil layers under different forest types. Different capital and small letters above column

of the same soil layer and the same forest indicate significant difference at 0.05 level. AF: Acacia forest; EF: Eucalyptus forest; MF: Monsoon

evergreen broad-leaved forest; SF: Shrub-grass forest; NF: Native-species forest; PF: Massion pine forest.
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FES, DREMARE LR NLC ) BT HE
FEHEZEAI(P < 0.05), LR TR, 6 FifEph2eAl
T 10 ~ 20 em )2 /9°F-3 NLC 75 &, 5 5 AR
(ZI4 9.0 g kg M & = T HE 5 Pl A, 5
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P 2 [El—HE B T AR )2 5 NLC SR & i i H 32, AF: S (SR BF: Mefbk; MF: 2 XURSRER PR SF: JEROM; NF: 2 L7

Fig. 2 Seasonal changes in soil NLC content at different soil layers under the same forest type. AF: Acacia forest; EF: Eucalyptus forest; MF: Monsoon

evergreen broad-leaved forest; SF: Shrub-grass forest; NF: Native-species forest; PF: Massion pine forest. * indicate significant difference at the

surface layer (0 — 10 cm depth) at 0.05 level.
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1M L2 ARS8 13 NLC i (g ke ) AT AL

Table 1 Soil NLC content (g kg ') at the same layer in wet and dry seasons under different forest types

ESST] FEHEAAY 2% Soil depth (cm)
Season Forest type 0~10 10 ~ 20 20 ~ 40
1775 Wet season I 5K Acacia forest 25.92+2.79a 7.79 +0.74a 526+ 124a
¥k Eucalyptus forest 16.90 = 1.08b 4.89 £ 0.86b 4.55+1.30a
[i& 1Kk Broad-leaved forest 16.79 + 1.94b 5.29 +0.25b 4.13+0.61a
bR Shrub-grass forest 14.53 + 1.82b 5.66+0.71b 3.62+0.282
2 M FIM Native-species forest 11.22 +2.79¢ 3.25+0.41c 3.11 £0.65a
I FAFK Masson pine forest 8.92 +£2.30d 4.07 +0.99¢ 2.72+1.18a
T-Z% Dry season I 5K Acacia forest 29.05 + 2.86a 10.03 +0.85a 5.29+0.25a
PR Eucalyptus forest 14.19 £ 0.23bc 4.32+0.57b 2.82 +0.64b
[i§ I #K Broad-leaved forest 14.66 £ 2.95bc 6.85+0.55a 3.56 + 0.66b
WE AR Shrub-grass forest 15.56 +2.19b 5.97 +£0.53b 4.43 +0.55a
2 T AFIHK Native-species forest 10.97 £ 3.61bc 3.02+0.77b 2.83+0.42b
T FEFARK Masson pine forest 9.35+1.21c 3.87 +£0.56b 2.57+0.55b

[R5 A R ING PR R 225 B35 (P < 0.05).

Date followed different small letters within column indicate significant differences at 0.05 level.

v P BRI WAK, B2 6 2 & B, & B iRk
L RIAK, 4 N T B R AR ] A9 22 57
(AR > HeRAR > S R > B REIME),
7E 10 ~ 20 cm 12, 6 FMEBEIEA +1% NLC & &
TR 3 ABRIE : b A IERR > Fep bR 2 XU 2%
AR EEAR > & AR E AR, B 2 ] 25
WE, S MRS S EMRZEZR AR, fFEH
K21 erh, NLC -3 & 5 7E AN [ w2 AU ] T
WEXES, T2, ML )ZM NLC & EFIES
MRZEMEA AN 7E 0~ 10 cm )2, 6 FEHEEERY
+HENLC &8RN 3 868 5 A AT (2
R TR 5 PP R E R B T A
R, FEARAE D IS [B) 22 0N B35, 4 Fh N T Se i
PRI - 5y AR AR > AR & A FhFN
AR, 10 ~ 20 cm #1120 ~ 40 cm +J2, 6 FPA#
AN 45 NLC & RN R B MR : 10 ~
20 em )2 5 (5 AR TEURK L 2 XU S i AR > R
MR HERIAR & H BRI EBAAA ;20 ~ 40 cm )2
2 5 B ORE SEURR EREAR > AR | 2 XU S i b
S LRI AR, PR Z (R 25 5 B 2

2.5 NLCH T1ESOCHIEE I
AEFEBE AT, 13 NLC & & & 1 SOC

SRENE 2, 7E20~10 cm T2, REEEZ
[#] NLC (5 SOC WAEAFTE 25 5, RN H i A
TR > EECRR > FEPbR > ZRRUE SR AR > £ 1
PIRIAR > THEEAMAR, b (i AR AR R AR
F 2+ HENLC 5 4 SOC By 70% Lk |5 5
148 NLC & AN [A], R 118 NLC [+
SOC 1Y FU(E£L 23 T ZR KU G bR 5 B AR A
TMEAL. BLFEFHE AN, NLC 5 SOC (1)
U AR R B 3 o=, RO B A 2 R BE R i S22 /)i
FE R R H, anh 5 A MR AR @BE 2R
FERG IS BT RRAR, (S TR R R, i E A
M Qb+ Z TR EERG I AEFERSA J5 L FHBEAL TR
o w11 o N S P o L 7 NN o L N
Fe MRAN & 44 Fh AR 2 £ 5809 NLC 5 SOC
14 5 P2 (10 ~ 20 cm) 22 5 W%, Ak, ¥
P ARER)Z T HEA 5K )Z + 420 ~ 40 cm) 25 53 1 3
HABAEBE SR NLC 5 SOC 19 Ui AE 1+ 2 M T8
B AR L, DL B, R IS DL R 2
T3 EFY SOC FEJELL NLC M3,
EHRFLRAR LT, £ NLC 5 SOC (1t
AR b (8 3)fa v 5 14 NLC 2 =i 23 28k
P(E 2) HA—F, HADEMANTHEZA 10 ~
20 cm 2 HIERZER NLC 5 SOC EME T T2,
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Table 2 Ratios (%) of soil NLC to SOC under different forest types

FEHEEAY +JZTE Soil depth (cm)
Forest type 0~10 10 ~20 20 ~ 40
I 5 MUK Acacia forest 74.57 + 6.06A a 65.75+6.72A a 63.64+ 12.02A a

AR Eucalyptus forest

[&H#k Broad-leaved forest
JEFMK Shrub-grass forest

% L WFPAK Native-species forest
I FAFK Masson pine forest

70.29 £ 10.11A ab
61.04 + 14.88A ab
7235+ 15.48Aa
57.07 +13.17A be
43.53 +£539A¢

48.29+10.33Bb
4324+ 647Ab
63.18+15.19Aa
36.94+541Bb
5593 +17.74A a

50.16 +15.01B a
5371 +18.71Aa
62.44+16.12Aa
46.77 £ 8.17AB a
49.77 £ 1598A a

B T PISAN ) 7 B3 M FRTE R AT [R5 P 2252 S 35 (P < 0.05).

Date followed different letters indicate significant difference at 0.05 level, the first row for the same line, and the second for the same column.

100
AF

80

60 -

EF

MF

40

20

0

- 0~10cm
—-©-10~20cm
- 20~40 cm

100

NLC /SOC (%)

60 =

40 + -

0 1 1

NF PF

S T2

Wet season Dry season

PF: TR,

S

Wet season Dry season

1
i T
Wet season Dry season

5

Z=7 Season

& 3 AEHFEHE T NLC (5 SOC B HAE(%) e T2 A5 b . AF: B dAH AR ; BF: HeiAk; MF: Z2XUH LRI MR SF: JESAK; NF: £ HAFIAK;

Fig. 3 Ratios of soil NLC to SOC between dry and wet season under different forest types. AF: Acacia forest; EF: Eucalyptus forest; MF: Monsoon

evergreen broad-leaved forest; SF: Shrub-grass forest; NF: Native-species forest; PF: Massion pine forest.

THRAMK 20 ~ 40 ecm + 2 A HAWAE RS2 1
e 2R NLC 5 SOC Fuflim T2,

3 4L HITE

LR SRR G HRLIOY S ABZR N NI AL -
BB AR T WA PP A ALY
Ol WA IR S LE YA i R AT RE A

PR FEAR RS i B ey, RELBRE K 1 22 57
LM B A, 2 B8Ol AR R ALY
-3 R A AR O 138 NLC /R &
Bt i 1) — i o3, AR At $eah 2 B Bl Rl 45
Ml L K A2 ek o v A S AR o e BT T Y
AR AWFFEAIR RN, 13 NLC & A A2 )
<03 iR N ) R o I i St
BEA T )2 TR BE BB, 23 NLC 75 2 U 128 ik
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(R ag, )2 418 NLC & T R ) B 2P IR
JEEIER TR, X5/ [ LT HA (Pinus
koraiensis)Fk 33 NLC 7 5 Fifi 1 J2 I 1 B AR 1Y
FABARR B A A 4 ) 32 2 I R AT g
TET TR YR X i )2 IR 2 Aok, iR
%) 3 T 43 A L R M i A 2] 33N 2 IR B NLC
B BE 2R EE B3 0 o3 A S SIS, S B
L 1 i A g e 7 R, Lt g e
B A A R AR VR ARSI T -4 SOC &
i, DT NLC fiff 5 4R A5 3 1, 1 3 52 i 7 7
EAgEh AT, XERTRZELES
ol 2 L, HRE KSR, A A T RUE T
S, IR I oA, B4 A AL S

TE B RAAFT, Hh R B sk AR ) 3 A
AR R B P 1. BEVE R AUR], B ALY
()i AN ], =46 BILAR 9 73 AR A AR K 2%
5o AT R, MR 1+ AOC & &
A AR AR, R 2R S X
T HENLC &= A g me? AFoeas RERW], T
WRIZEEP)ZEUK)Z 5 NLC &2, 7Er sk £
() 6 AR A AS TR R B 0 S 25 22 5 (T 1),
+HE NLC & 13 SOC A9 HeAE A5 5k 7= 76 AN [) A
KR B AFAE 22 TP 2). 1Kt WM i 2R AU
St H3ENLC & B sgm . FRas s 3k
B, Ih 5 AR AR 00 NLC S i E R T HEM
FE B RI(E 1), 5 58 SOC iy b (it R (3
2). HTREIFEFAE T : O 5 A EAR = 22 TR
P, HLA [ 0RE T, T ELAR R A B R 2 2 g )
YR %, ek 1 8RR 0L, in i 1 g U4
JCER MG, T FF i i B ; @A A 2k
MAERE T, AR 350 T E %) - 3980 Pk 2R
R FE RN NLC [ PEZS A R R, QnAS [m] bR
N T2 AK(Cunninghamia lanceolata)PK i) 1338 15 P
WS — Bk SOC R 0.99% ~ 2.89%, st
W A 17.17% ~ 55.46%, 1fif NLC 0| ik 5] 42.05% ~
80.66%""; i - 41 # Ak + HE % )2 A9 NLC 5 SOC
FLAI ) K 50.72% ~ 76.24%, 7% = 3 45.67% ~
67.83%""", i HL X AE RIS, 7EES 11 & A -faf K
MRFEAJZ0 ~ 10 cm)i) 585 o b i e K, S o
FHIEAR L5 43 ff i e B/ N, LR o AH FEURR
IR TOC a2 & = TAE ORFA TR A)
ARBFGEEE R R, D i AH MO 3 NLC g 1
BERNAT 43 2 AR UESE T R O A

i AH AR AR AT A58 in £ 3 TOC W45, T NLC
Oy fiAEH R, 4% NLC &5 5 14 SOC it
(H RS e - Sem R e R . A — ALY,
14 SOC ™ NLC fy ' 43 boiimy , Ud ] - 3 i e b
R FEARIFZE D, T A AR A K2 £ NLC
i 58 SOC 1 L ) i TR )2 18, B WA [ A
B VE D SR B M R B 2B 1 1
(%) SOC FEE LI AN NLC b 3, BIAEHE Y FETE
2 HE SOC Fag tEIG g . PR, 76 3 4ty His X
o5 AR EARBE R IR 4 T 1 48 NLC &% f&, X
I A HLRR R A 3 BV A AR AR &
TR B BRI AR bR, DU RE AT R
R Z L3 SOC myFasEtt,

AR R B R PNz M A K
Wi, RS IRE Ko RN R A O, FEARHT
FEH, 6 MEME AT, RIZLHENLC HEEH
WA T] 9 108 22 B A AR A ) < T MRV A
A7 A AR NLC & B AE R 2 B /N F T3, =R
G A I AR AR A AR R I A = 3 T R
FRAE, 10 £ A FhARA S BASMRTE T 21 2 5%
AN B (1 2) 5 B 2 ] — 225 AN [ A 2 A ] -
HENLC & fR R AR A 22 (R 1), IESE T
158 NLC F747 sh SRR AF -5 R ol 8 R S Pk 22 ] 1)
Ko AN, R AT A AN i AR T A 5 2
AU S ] b AROPR T B PAT B v 3k 80% , AR R KRS
L PIE A YRS K B ) o i AR R
T e A Y K o TR R R, TR
HAERKHE &S T H e, RS AR RS
FEADLT, HPEA L3R SOC 2 T4, i H.+
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