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w, T PR R R . Z5 R, BATAR. A EF TR, R AR S A AR A
PRI B i (I T 2908 ) A8k I 7E8.14 ~ 19.74 g kg™', HP BATAK LA AR & B s . T
AR PhytOCT- 21 & B & 1 DR IAM (2431 g kg') , BARKY REF IR AR (13.06 g kg™')
4 HEPhytOC/TOC HLAE Bl + )2 R EE RN SUR3E N . iR, ARG T L 5erk & 8 5 - ek rk
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WAL . AWESE B TR R P A [R] AR bk L e
FELAE R FIAR R (Al 35 B i 25 57, R SR A ARl
T S8R T B 20 A RAAE A A [ AR L AR
PR Af e, U S A A 30 PR X R AR A 25 2R
Gt r (R AR a7 8 4R (IR A e

1 MRS Ik

1.1 R XHR

WF 58 XA F PR o6 B AT 1048 2 XUR R EFAF A
SRAT o AT 10 M 4 WY VA VY R R T IR A2 S L X
(118°54" E, 27°42' N) , @HIlIS%EL, gk
R, ML BB AR AL m PE R R, R PG e AR R 240 ~
1500 mo A JE W AR = RX, BRI, P2
SrY, AEERIRL7.4 C, BEKEED 760 mm, TCAHE
11245 d, WEREXE LN KT T SCE WAL,
FEZ 5 TUFR800 mLA T s HIRZIRIE, AL E
HE, AR
1.2 #HiigESHERFEE

VEHUE RS | MR A — B4 R AR IR
5, BRSPS 4, JEAE LT

(1) |47 (Phyllostachys pubescens ) Fk:
K340 m, HEJE25° , FHFEIR30a, 11#1~3 a,
RSO %, FHIHIES cm, W12 m, M
VN

(2) ¥#K ( Cunninghamia lanceolata ) #K:
430 m, BE28° |, W30 a, fRHIEEB0%,
T W4E15.2 em, BE12.5 m;

(3) G E¥ (Pinus massoniana ) M :
MR 340 m, BEE25° , W28 a, TR
13 cm, W15 m, fRMAIEEO0 %, MRTHIHOA &
B (Camellia fraterna ) . 2 (Vaccinium
bracteatum ) 2§,

(4) FEMAR: WHEE350 m, 250, Wk330 a,
SR HIFEL12 em, WE12 m, EEEEWFA T X
( Cyclobalanopsis glauca ) . &k ( Castanopsis
sclerophylla ) . AR ( Schima superba ) 5% ;

(5) HFETRACHR: B340 m, JEJE26° , B
129 a, FEMAEL3 em, WE13 m, EEGHH
TR RS . ORAT . SRR

TE A SR A DX R b AR AR 2 2 By - B b gk
20 m x 20 mFRRAERER, DU IR i3 4 R T
B mEHEHR T, RAE0 ~ 10 em, 10 ~ 30 em,

30~ 60 cm. 60~ 100 cm 40+ 2 K, HIERH K
R FIERAT, [FE AR E R R 45 B USSR
R O o = =75 i = N - e IR D R L 7 7 1
500 gff s [l SEH %
1.3 #ESOH

KB R BRI G, RO MR R
Je . AR IR JE 2 mmif, 152N GE I i
Ak o TR ERORE Ak R 1) AR T D A S 4
F30.149 mm i 5 45 71

- e HLA FH RS TR - A AR I g
AR HBray 1 7%, #6650 nmiE K T L@ ; +
A P A B IR D 5 8 4 ek ) O 9 7
KT . LTRZE WA IC— A ek E LY L s
TP FRAR IS TR 4 438 1) BEA A P T L2 1

F R R R PR 1 2 B SR MO T i 0, O
FWalkley—Black 77 7k 56 A8 kAR S8 2% (0 A HLER & 5
SEARRRZE N RS B S B RE MO A — AN B
BB, FRAET5 CHUAMEAS h 24 h,
FE AR A HG FRE LA A REIR R . H R AR
BB I S SR A A S 122 A O e . TERE
st 0 S (9 R I A R 3RS HEARE ( GBWO7405 ) Xl
SE [ ER A TR 56
1.4 ¥iEaE

SCHBUE R A RAE X M . R Rk
B HEEATPhytOCH B R REA R A
T A S e A e i i e an R A A

ISR (g kg!) = MREAFTR (g) /

+IHETE (k) (1)
AR PhytOCT i (g kg™ ) = HEREMRR T
it (g) MEREARTRE (kg) (2)
MR REARRR S (g kg =AHREMCRR TR
(g)/ L3RR (kg) (3)

+ R RE AR BR 5 (kg hm™) =2 [ 10 000
m’x 2 FHHRE (m) xiZHHEAR (tm”) xi
R i (kg t™') ] (4)

R R HE R FHExcel 2010F10rigin#EA77E &,
FHSPSS 18.0 R Gt AT 77 2250, IR M Duncan’ S

HEM 2 (LSR) 7E0.05/KF Fi#ff7 £ HE LK.
2 45 R

2.1 AEFHFMEE T REER R PhytOCH] LLE
W VTR, R A AN [) AR bR 6 Y A g
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Table 1 Basic physical and chemical properties of the soils in the sampling plots
BRI 1)z A LA . TR AR A
Forest type Soil depth  Organic carbon » Hydrolytic N Available P pH Soil bulk density

(em) (ske') (gke™) (mgke") (mg ke ) (gom™)
0~10 19.05 57.10 76.8 1.37 4.82 1.10
EAT 10 ~ 30 10.65 56.00 55.1 0.76 4.79 1.15
Moso bamboo stand 30 ~ 60 6.77 60.30 41.2 0.70 4.77 1.20
60 ~ 100 4.57 60.56 18.9 0.31 4.75 1.24
0~10 11.85 48.65 86.5 1.24 4.68 1.05
AR 10 ~ 30 5.44 45.90 58.3 1.04 4.67 1.15
Chinese fir stand 30~ 60 5.03 52.09 41.0 0.79 4.71 1.20
60 ~ 100 4.74 47.64 27.2 0.53 4.76 1.23
0~10 16.98 26.51 79.1 0.89 4.59 1.10
EENEE /TN 10 ~ 30 7.64 24.03 349 0.76 4.63 1.16
Masson pine stand 30~ 60 5.36 27.56 26.4 0.46 4.64 1.20
60 ~ 100 3.23 23.60 17.6 0.34 4.84 1.22
0~10 22.31 26.11 116.9 4.41 4.71 1.02
i AR 10~ 30 16.84 32.16 71.8 2.25 4.84 1.10
Broadleaf stand 30~ 60 8.37 25.22 39.2 1.34 4.89 1.15
60 ~ 100 4.71 27.49 25.5 0.92 4.94 1.17
0~10 15.10 52.66 80.8 1.81 4.90 1.08
FF RIS 10 ~ 30 8.04 37.57 42.4 1.09 4.74 1.12

Mixed conifer—

broadleaf stand 30 ~ 60 5.86 41.14 27.6 0.52 4.73 1.18
60 ~ 100 3.51 36.94 18.6 0.50 4.80 1.23

B & DL R RER TP PhytOCH Y & A — &
() 22 5 o AN TR FR AR TR A 4 8 ek A AR Ak 3 T 7
8.14~19.73 g kg ' [, HHEATH (1973 gkg™)
ORI (8.14 g kg™ ) | R (12.24 g kg™')
ZHAREZES ., MEKRTPPhytOCH T & &
A I FE13.06 ~ 24.31 g kg ' Z (0], H AR
(24.31 gkg™") HEFMIEH (13.06 g kg™ ) Z A
FUHEREER.

W27, AN ) 2R AR 28 Y - S A Rk A ik 1Y)
S fIPhytOC/TOC B2 R AF 1 — 5 25
5o R REAR AR LI I AE0.191 ~ 0.458 g kg™
ZIa, HH Bk (0.458 g kg™') 5 LM
(0.191 g kg™ ) . &FFEIRZEH (0.196 g kg™ )
] 22 5 8 % . MiPhytOC/TOC K5 & A8 1k 75
1£2.73% ~ 5.50 %28, EITHK (5.50%) 55
FARK (3.05% ) . EFFEESSHK (3.03% ) FlE AR

(2.73% ) ZIHIZR R
22 AEFMELR T REREABRELRIEHR

ki

SR A A B 2 TR A A PR AR AR A
AENiA 225 (K3A) o BATR AN bk 1 15
FERER &0 ~ 10 em )2 FE10 ~ 30 em )2 HI
BEE/N, 10 ~ 30 em T2 LU BREIRACR, JUHE
BT MAEREAR S 30 ~ 60 em L ZHIFRIEE K. ¥
APR - AR R A P i S IR ST S B U R
WFARFN ST TR AS AR T SAR A 55 5 52 B PR AR
GHg Ry

AN ) BRbR S Y+ AR A A 5 o B 2 IR S Y
Tl 2% (E3B) . BTMRMEAKL
SR A A de % e LA I L SRR P B T AR, R
P b - S A ek Rl 1 i B SR IR Y A A S S
JE R, B REIR S AR 1 EPhytOC i 2
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— L3RR Soil phytolith TSR REAR BB Content of soil phytoliths (g kg™)
40 r P2 FiRER R PyhtOC lellytolith in PyhtOC  -4¢ o ()O 5 10 15 20 25
Tﬁ/‘) é A aA »4 abl ae
0 2
= 30 130 2= . \
iz § ab ab ab E fand g 20 abN Amas
41 = 27 = §F ::'/
ﬁ = 20 % 420 8 = 2
= 77 o % ab b =g 3 40
i =3 % / _g = ‘g ab weib wab
®E % Z8 3
5 10 H10 2.3 B0
g sl gﬁ MBS
é ‘ . Z% + -=-CFS
MBS CFS MPS  BLS MCBS = = 80 L2 a sabideab IR
FRARZA Forest type -~MCBS
Y. MBS, BATHR: CFS, &AM MPS, DR BLS, 100 R
N NN VT v I AL e v e _ ontent of sot 1 g
VERE B, MCBS, 4 IIRAH . REL NI (n=4) . PR
— B A 4 2 550,05 K. F I Note e
MBS, Moso bamboo stand; CFS, Chinese fir stand; MPS, B a‘ 4% ‘a - ‘a
Masson pine stand; BLS, Broad leaf stand; MCBS, Mixed
~ 20 b4 sbaw ab
conifer-broadleaf stand. The error bar ( n=4 ) represents the E,/
standard deviation. Different letter indicate significant difference g_
L
4
for the same stand at 0.05 level. The same below. 2 0 J mbya
S
I N[ FRARE Y A A Rk A A0 A Ak 44 TP PhytOC 1Y f&
¥y ok £
Fig. 1 Average contents of phytolith in soil and PhytOC in H
phytolith under different forest types 80 bdabre axmab abe
10r . = 100
0 a ) - HkERE AR Soil phytoc 10
PR PhytOC/TOC PhytOC/TOC(%)
by 08F 13 0 6 8 10
&0 o 0 . . 3
— *
w0 .
Eg / ab ab b b g E,/ 20 ><a>4b abA 02
ﬁ%\ 0.4 ab 44 8 i
z2c 7 vy = S
43 0.2 2 3 N ¥ al
3 i
s 0.0 0 % 60
MBS CFS MPS BLS MCBS -H
FRARZEH! Forest type
80 A ak¥a xa
B2 AR AR B b AR A AR B 1) - 2 55 & FTPhyt O C/
TOCIHY - L % 100 L
Fig. 2 Average contents of soil PhytOC and average ratio of K3 RFIZEMCEE BRI (A) . RREIART & i

PhytOC/TOC under different forest types

PUBE 1 E R A8 S IR IR I ny s, e
PR - ST R At 7% o i )23 U B G o S 3 e G s
Wik P 3

LM PhytOC/TOCTED ~ 30 em - R 1
2R P I 2R, 30 em AR B0 B FH
AR, AL AFP R L HEPhytOC/TOCHE % 1+ )2

(B) APhytOC/TOC (C) BB E A1k
Fig.3 Change in phytolith (A) , PhytOC ( B) and PhytOC/

TOC (C) in the soils under different forest stands with soil depth

DREEHG Inm 2 RI3g . BATAR . AR, HEM
ML R MR TR ZEMR30 em AT 2 A PhytOC/
TOCHM 580 ~ 30 emfy1.834% . 1.844% . 1.641% .
35745123445 (E3C) .
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T EERER TR LR Soil PhytOC stock (t hm™)

[=]

MBS CFS MPS BLS MCBS
FRARA Forest type
K4 RIFEIFRMAZERIO ~ 100 emt JZ HERERER f 1 59 HA
Fig.4 Comparison of soil PhytOC stocks in 0 ~ 100 ¢m depth

under different forest stands

HIE4rT LLE 1, AR FEMRERO ~ 100 em +
AR RE A B e N WP B . BATAR (5.138
t hm™) > EAM (3.562 t hm™) > £ [ iRk
(2.810 t hm™) ~H I (2.191 t hm™) =~
HbR (2.146 t hm™) o FBATMR A R Ak (A it 2t
EE T HAAF AR (p<0.05) , THAb4FhFRAK
ZI 2RI R E .

2.3 AEAHFMEETIEEERRBEENGE

T P R OB I 19 R AR Al S % T DA
Lk AR B it e FH A O AR TET R T BRAS 3] . AR
HEAK, A DREMM. FErARFE RS
MRS 59] 43,87 x 10°, 1.13x 107, 1.20x 107,
1.16 x 107 **/ F11.55 x 10° hm?, Pt +3EPhytOC 54
fit 43 o 1.988 x 107, 4.025x 107, 2.575x 10,
2.542 x 10"F10.340 x 10 1,

3 i

3.0 HIEEEAEREEMNEEESR

FRbK - SO A B ) B R R B O T LY
SRR R R S i . AREIR (1 B R W Bk A R
P2 T DL AR R R AR R AR

AN [R) FR RS A 4 R ik AR & AR AR BRI 22
S BTN R R ) 6 e A AR RE O AN SR
AR o b AR R T R U T A W N B A
A, AR A 0 B Tk A 7 B A S PP i .

AR R EEILER, HEEEFIEI0% L
B TR ERE R R RE SR TE BRI R [
B R A A RE R S R AEAE AR R 22 5
LT R, MY RER S RS Y TR
ik A PhytOC & 2 1) 5 B3 A IE AR E 10
— AN, BRI RE A S B T Y,
MFERE PRI E, SR8 5 R 1 R AR P Al
R R L ARBRS A R RN, R E ARk
A LR RE IR S B R 22 R . Horp st g
Y EATIR ER RE R S i e, TR A S R AR
MR RE IR S AR A, BT IR 25 573k B 3K
() FEE TR OEARK, BT LET
RESRE T DR, I e R A |
Ly

A RE R TP PhytOC & & 1] DL R AE L e B A7
MEREVRBR AT A, I 5 IO AR R AR A R
S I ek (A LE 13 R i Bk AL 2 R e A 0
FERE IR BR A SI0, 7, B B i B
OB P RS, RESTE IR i A
ARBFFEH, B REIR SR L A R R P PhytOC A i
HORMMAEREZES (K1) , XaTREEH R
+ HEPhytO CRaE PEAS IR 15 A o JR8 s bl A Tk 1
WA o e ) AR R AR i, AT RB R R e
B TR Y T R R b B R DA S
WA, B, AS[R ZR AR+ ek il 1Bk & ik
- HERE S A O . ARHIFSE 0 45 R 2 IR [ AR AR
R A RS e S MR A R A R R A G
(R’=0.566, p<0.01) , S5PhytOCH &2 W%
M IEA G (R°=0.474, p<0.05) . XEHFT I
WIe s, B A A AR Y B A P R
i n

FRMR I U8 V5 0 A7 i A RV ) AR 1) R I
i R AIR R A AE 22 5 . AR 7% )
PR L HERE, BRI A fE R +
W, RIL, PRAETE SR R A e 5 AR
TED AW RN
3.2 TIEEERROSES HE

- R T A e A A ) T R % A R B
TR ARAE 0 ALBRBI RN . KSR | A
FEAR 5 3+ UL A 36 4 o B S A R s 0
RERER I K /NETE2 ~2 000 pmzfi] *), i,
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B E 2 AR RE A AT LA i A HEFL R IT A% 5] 4 4
TRV HARYRIR G e A H R B,
L T R B RIR B e A AR X s Y KR
o PRI A TAHHER Y, Bk
BRESFE DS ZRENMEEEA, 120 cmPhF
WS B B A Y AR A R R,
HRRE Fe A B e B 2 2 TR A B T T

e A e R AL Ak AR 1) e 43 i BB 0 45 DL AR E ]
BT g, (HOR AR YA 348 R G000 A ik A
T 4 i RO kAR B AR PR A AR KAy 25 7 . 3
PhytOC/TOC 2 A kAR o7 38 S A HLaR Y
s, BERRAERY (BUERETH) LEA N
BB AEHLH B — D EE bR 7 . Parr®E P RE10
NV LR SR, A AT AR ] £
JZHPhytOC/TOCAE FARK (0.72% ~82.47% ) ,
HFEHEAA R ERPhytOC/TOC, TEEHT
I PR R R R R R L AR
ZERWRD], BRAZ ARSI H A AFP AR ARUA [F] 12
PhytOC/TOCH —&E 25, PhytOC/TOCHi# + )2
JERR MM (E3C) , 5Eam (£1)
FEF T A A AR S . T AEAZ R 13E30em D
T4 ZH, PhytOC/TOCZEIE N, X ] fE =42 A
AR i P bR A A Al 9 AR PR 85 v O EL Il T i
1 G

4 %5

SFPARPRISAY + R ARSI TE8.14 ~ 19.73
g kg™ Z[H]), Hrp AT R A S BB E AT
oA 4P AR bR, A A R A A B Y B AR AR
FEI7£13.06 ~24.31 ¢ kg™ ' Z [0, SEMMHRE. -
PR Rk A R R A Bl B B A )2 R Y 38 i
/N, MTPhytOC/TOC KA % 1 )2 U8 B 38 n i 2001
K, 3k R B A A Ak AR R AT REAE 3 b ) T AT
o B, BZARM . SR AR
TR 5 MK - S A T A Bl A 0 ) R 1.988 x 107,
4.025x 107, 2.575x 107, 2.542 x 10'110.340 x 10" t,

2 % X wk
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STUDY ON PHYTOLITH-OCCLUDED ORGANIC CARBON IN SOIL OF SUBTROPICAL
FOREST OF SOUTHERN ZHEJIANG

*" Huang Zhangting"" > Wu Jiasen" > Meng Cifu" *
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(1 School of Environmental and Resource Sciences, Zhejiang A & F University, Lin’an, Zhejiang 311300, China )
(2 Zhejiang Provincial Key Laboratory of Carbon Cycling in Forest Ecosystems and Carbon Sequestration, Zhejiang Agriculture and

Forestry University, Lin’an, Zhejiang 311300, China )

Abstract Phytolith-occluded organic carbon ( PhytOC ) is a stable form of organic carbon. PhytOC is
a product of silicification of a plant per se and goes back into the soil after the plant dies or withers, thus
affecting storage of the stable carbon pool in the forest eco-system. Soil samples were collected from four
different soil layers (0~10 ecm, 10~30 cm, 30 ~60 cm and 60 ~ 100 em ) in soil profile under five different
stands of typical subtropical forestin Qingyuan County, Zhejiang Province for analysis of effects of the forest
stands on content of soil phytolith and PhytOC and distribution of PhytOC, and for estimation of total storage
of soil PhytOC in these forest soils, separately.

In this study phytolith in soil samples was isolated using the microwave digestion method, and complete
removal of peripheral organic carbon from phytolith was validated with the Walkley-Black method. The isolated
phytoliths were put into a centrifuge tube with a known mass and dried in a forced air oven at 75°C for 24
h. After cooling down the sample was weighed to determine mass of the phytoliths. Determination of PhytOC
was performed using the Alkali Dissolution—Spectrophotometry. At the same time, a portion of standard soil
sample ( GBWO07405 ) was added to verify accuracy of the measurement.

Results show that the content of phytoliths varied with the type of forest soil and the mean content of
PhytOC in phytoliths did, too. The content of Phytoliths in the soil was 19.73 g kg™ under bamboo groves, 8.14
g kg™ under Masson pine forest and 12.24 g kg™ under broad-leaved forest, showing sharp difference between
the three. The mean content of PhytOC in soil phytoliths was 24.31 g kg™ under Masson pine forest and 13.06
g kg™' under conifer forest, also displaying sharp difference. The content of soil PhytOC under the same forest
stand varied with depth in soil profile and the variation trends differed from stand to stand. The content of
soil PhytOC decreased with soil depth under Moso bamboo groves and Chinese fir forest and did in a certain
degree, too, under the other forest stands. PhytOC/TOC in the soil increased dramatically with soil depth
under all the forest stands, except for the stand of Masson pine. The total storage of PhytOC in the soil under
Moso bamboo groves, Chinese fir forest, Masson pine forest, broadleaf forest and mixed conifer-broadleaf
forest was 1.988 x 107, 4.025x 10", 2.575x 10", 2.542x 10" and 0.340 x 10" 1.

To sum up, soil phytoliths under the five different stands of forest vary in the range between 8.14 and
19.73 g kg™', and the content of soil phytoliths is significantly higher under bamboo groves than under the
other four stands of forests. The content of PhytOC in phytoliths varies between 13.06 ~24.31 g kg™', and
is the highest under the Masson pine forest. The content of soil silicon is positively related to content of soil
PhytOC, suggesting that to raise the content of soil silicon is conducive to the content of soil phytoliths and

soil PhytOC.
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The content of Phytoliths decreases with soil depth and on the whole, the content of soil PhytOC
decreases with soil depth along a soil profile, while PhytOC/TOC rises dramatically with soil depth but not so
obvious in the soil layers of 10 ~30 ¢m and 30 ~ 60 ¢cm under Chinese fir forest and broadleaf forest.

Key words Subtropics; Forest soil; Soil depth; Phytolith; Phytolith-occluded organic carbon
( PhytOC )
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