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VI TR 2R N T2 D SRS R B AR oA S LR BURRIE o S5 R R (1) RS 20 AR S 2R ) i
F173.62 g » m2, HAPERAYE 13529 g m 2, (2) FEHLZHERE N, WARAREYE . R
K&®E, WMAFRBAAERKE FEBZE, 0~30 e+ 2B 5 EI143 51 867.23% . 69.53% . 69.48% F
57.20%; HRB R | AR ZR 3R AR R AR A 347 Fifi 200 AR LA (R 185 I iy 25 B, B/ N T 1 mm AR &R BT E
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Distribution patterns and carbon and nitrogen contents
of Castanopsis platyacantha fine roots, the constructive
species of evergreen broad-leaved secondary forest
in Wawushan Mountain of Sichuan Province
PENG Yong, CHEN Guan-Tao, LIANG Zheng, LI Shun, PENG Tian-Chi, TU Li-Hua"

( College of Forestry, Sichuan Agricultural University, Chengdu 611130, China )
Abstract: The Wawushan Mountain National Forest Park in Sichuan Province, where there is relatively intact
Castanopsis platyacantha-Schima sinensis formations, is a typical representative of the mid-subtropical moist
evergreen broad-leaved forest in West China. Using the soil core method, this study investigated the fine root
distribution and characteristics of carbon and nitrogen of sample C. platyacantha which is the main constructive
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species in this formation. The results were as follows: (1) The total fine root biomass of C. platyacantha was
173.62 g * m? and the total biomass of live fine roots was 135.29 g * m2. (2) The fine root biomass, root length
density, root surface area and specific root length decreased with the increase of soil depth, and their proportions in
0—30 cm layers were 67.23%, 69.53%, 69.48% and 57.20%, respectively; root length density, root surface area
and specific root length decreased significantly with increasing root diameter, and 58.84%, 52.59% and 51.36% of
them were in the roots that diameter was less than 1 mm, respectively. (3) Root extinction coefficient in biomass,
length and surface area of C. platyacantha fine root increased with the rise of the root diameter. (4) In the first soil
layer, the roots C content increased significantly with the rising root diameter, but there was no significant
difference in other soil layers; the C content of the roots whose diameter was less than 2 mm in the first soil layer
was significantly lower than other soil layers, while the differences of roots C content of greater than 2 mm among
soil layers was insignificant. (5) The roots N content decreased with the increase of soil depth and root diameter,
while the C/N ratio value was opposite. These results reflected the vertical distribution of the secondary forest
underground fine root system and nutrient characteristics, which would provided some basic data for revealing the
subsurface ecological processes and the effects of environmental change on ecological processes in the
underground in the ecosystem.
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MR R SR fli A 3 RGeS 5y, ANURA
Bl b5 ) S PR A 3 RO 43 AR 4y
B FEEE (Hajek etal, 2014; Maetal, 2014 ), ifi
H g it A A R A U A S YRR R AR, TR
Tk M A= 25 RGeS LS5 iR AE R A rh B 20 o
(/DRSS 2005 ), R R IEAS AR AE BN
TR S TR 5 RE T, LSRR AOK 37 b 2%
A RS (Liuetal, 2011), WAL T EE2H
PIFPRFAE AT K 2 40 398K 43 A U Ak A4 )
520 ( Lehmann, 2003; Schenk, 2008 ), — &K,
AW FED M HER LS, I ERE Y
TR FE %508 0 ( Schenk, 2008 ), UNFortier et al (2013 )
XF N5 K Québec R AN [R] B A AR i 119 SR SR A ) F
FERW], 0~20 cm T JZMR AR SR R AEYE60%LL T,
Hrh A2 ( Tsuga chinensis ) #kik99%., TEMRRIIA T
[fil, Gale & Grigal ( 1987 ) £ H 15— S E458 ( Single
Parameter Model ) J2& H A E N AMATA B AR 22 3 E
AR PR AR JEsz 22 W (Gwenzi et al,
2011; ZEB4E, 2005; =%, 2010),

AR, R A X B A S AT AW &
J& . NEFTERARWHY K, i b R FH AR 2 R T
2] 1S I N 7 L P B0 I S v 4 1 7 N
ZEIEEBIR, BOMZ AR KA R A (4
HB4E 2005; 23R4S, 2007; Xiangetal, 2013 ), A
T I U A AR A H AR AR B ) TR RECH
2002 )o XXFKIEMAFE . K ELFF . EY ZREMEG YA
[l e % BLA T8 X ( Xiang et al, 2013; Liuetal,

2008; F2545, 2012), PUJITHHE B g ERAY FUR 1L 5K
AR B AL TR PH R B X M QR S04, 2000 ),
S TR ] PG FS A S BRGNP Sk R BB AR R
(FI4ERESE, 2002 ), HAT PO BRAF B 56 5 14 fs 31
¥4 ( Castanopsis platyacantha ) — % K fif ( Schima
sinensis ) FEZR (HEIFSCEF, 2003 ). R N R A MO
TE 1956 4RI BRI I IR ER AT A 2 T 1 B ), 78
RN TR TES T BRI 1) (4RSS,
2000 ), ALAEREFIXI B (2002 ) XFZ XA 2HREAE )
R, WA A S EE i, &
FHIK 21,126, JE KX B LR R AR E AR R
R, RS AR R AR ORSTEZ A S R G T ik 57
Be . FROMEASE T A EEAEN,

JaB¥%8 ( Castanopsis platyacantha ), X FR i 4
sk JERE, el Bl (Fagaceae ) ¥5J&@ ( Castanopsis )
WA, FEm T S E LA = fE AR
B TR IEIR 1 000~2 400 m [ A IR AS AR AR . i 0%
A Ay v T B R gt ] P DX RS — R ARV
R PLSETT A TR, [ B 2 12 X 3k P — o & i a5
RKRAYELE S TR HRRD, O AR P2
HI7E 10~14 a Z (8], A2 R s A K o RAE 3510 0.85
cm A1 0.56 m (TR, 2003 ), FHIH X m fil k% 1)
HRAEFEA LIREE I SEAl (eI O, 2002;
TFICAE, 2003), XIPHFIA SR EEA DT, X HANMRY
WS R Z AR DG o ASBIFFE B2 X AR A= 8
o o] BRI 2 R e RS AT X 4, A
FRIG 435 AR EUARFAE A DX ARk b 2 4 2 sk



2 34 A FURIH SRR UMK R R A5 I AR T A SRR SRR 179

AP TRHESRERA
1 R B I X T %

B0 M A7 T RLR Pl X R 22 bR BE
(29°32'35" N, 103°15'41" E ), {4k 1600 m £47 .
LB A RANEE . B, K2, 552, '
FERGERE A, Ja RS 22 UM S0 . AR 10
CLA, H¥5Em MR 22.5 #1-0.9 <C,
AFH MRETEL 330 h, AERFOKH 278 d, AEFEMEFIZE A
43009 2 323 mm Fl 467 mm, AEXIAHNS 25 S0RE N
85%~90% (IBIFCEE, 2000 ), % DX+ HF B2 Mty
AR ST AN . ZRA . KA E

HERAER TR, A L B 2B
T DR T X9 Ay TOARE v 4 o] P W 1 % -+ A ey T
7%, 1956 AEI B ARAIR, T —Legi 4, 5
AR FTH— P TR L A A . HEE
YA RV e L W NS N e ) e
AKieg; EARBREFNEE (llex purpurea ) FIHEA
( Eurya japonica ) %5 ; BA)ZFLIEIE ( Cyperus
rotundus ), EREEIAT (HLERES, 2000 ), IZFEHIAK
SYESFRABIAEE (0.7 ). BEERAWUN 725tk P
W 72 Sk Ak 4r 235 em . Ml #%5  ( Castanopsis
platyacantha ) 23.8 cm, 18 Kfuf ( Schina sinensis ) 25.4
cm, ML IERACHAME BT LR 1.

x 1 REWUEZEAMRERTEBELER CPYHE « bR

Table 1  Soil physicochemical properties of an evergreen broad-leaved secondary forest in Wawushan Mountain (Mean+SE)
LRI O A L £ A e
Soil depth hE Soil bulk density Organic carbon Total nitrogen Total phosphorus Total potassium
(cm) Extracted by (g+ em™) (g " ke (g ke) (g* ke (g ke
distilled water & grxe grie grxe grie
0~10 3.240.1 0.41+0.10 121.9+40.4 5.80+1.05 0.50+0.05 13.89+3.17
10~40 3.8+0.2 0.66+0.14 26.6+£8.8 1.51+0.27 0.26+0.09 17.07+2.83
40~70 4.0+0.1 0.89+0.13 12.6+4.2 0.82+0.18 0.18+0.04 19.02+4.07
70~100 4.0+0.1 0.99+0.17 7.8+2.8 0.57+0.13 0.21+0.04 19.31+4.36

1.1 g EMERERRE

2012 4F 10 H, AR 4 Mg R AR 3 2 I U] 7 R
FRIMRPEE 10 Bt 20 mx20 m (UKL, 4% K H 6] 22
AR T 20 m, B hdbm, BEEE 0°~5°, 2013 4%
12 A%, TN BEOE bR i AR5 3 bRA K
B, AERT ST B e RS o R AR A R R A
AAREES: (iR, 2007; BAMS, 2010; F
SR, 2011 ). EMST R FE 172 i A e (B4
TR 1 m) XFRHBE R AFE S, AFEHL 6
AFER, IR 60 MR, BRI HIRSA (=7 cm)
HEETH42 (AT I 0. IVERR,
F— R0 15 om ) A5ECESRE G . K EUE
1) 2B 0.2 mm i AR gk, AR
HREIr HIE R R, IR RIE
BRI 47 i B A% 19T AR ( Live roots ) 54EAR ( Dead
roots ). EARMIEEAR AR, FFIGHEARTN AR R LR
(BNt , 2007 ) fe oK i RIS 40 AR FH 25 251K
TS, AR TR
1.2 HREEFFESBNE

B IR IE AR HAR<l mm (D<1), 1~2 mm
(1=sD<2).2~5mm 2<D<5)HfI=5mm(D=5)

4 . % H Epson 7L { (Expression 10000XL
1.0, Epson Electronics Inc., San Jose, USA) X} 7+ 2% J5
PIRRSEHEAT S, B 65 CHUA Mt T2 [H
M2 S PR AR Y T H ORBIE] 0.000 1 g). RAR
H K 1% ] WIinRHIZO (Pro 2004b) %k 7 ( Regent
Instruments Inc., Quebec City, Canada) 17T & 4FE
ST, FERRAMASES IR R B . KEAARRL
RE (SRL:m -« g') HLERKERDA YIRS,

4 ( Total carbon, TC ) H =% R4 A fL-4F
I (LY/T 1237-1999 ); 4% ( Total nitrogen,
TN ) B ER - SRR A&, P B Ik
(LY/T 1269-1999 ). #f8brt M 3 UCFATIE
1.3 BES TS5

H Gale & Grigal (1987 ) #&H MR R EH 0 A
BiRly=1-p4, XIAFHEREMRAREY R WRAEKE
R R R ARSAT REH 5304, Kb, bR
F—EREMNRRAEY R KRESGERIHAN REH
gt d oA H)RIRIE (em) s IR FRTH 55 5 & (root
extinction coefficient), A{EMK, ULIAR R7EWZ L
Serh o A B o3 OBOR s R W AR 2R AR v
IIARTEIE R R 3,
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Kl SPSS16.0(SPSS Inc., USA)H£EM: [r]154)
iy 58 CN 5R C N AR ER, IF
AR 2 B AR A 2 TR B O DR 3 0 8 3 A7 XA
EHE2H (two-factors ANOVA)., F] FH Sigmaplot
10.0 (Systat software Inc., USA)Z:,

2 HER G

2.1 RAIBMEREYE S RIFE

Je AR AR B AR 173.62 g » m™2, HiiE
HRAEY R A 13529 g« m2, i 78%. J7 2250 &h i
R, R ARA YR FESMES 1 L2, IF
Bl 1 2R RSN A R R R, BT L BT,
SETIL. S5 IV A2 40AR A= 4 & BT o5 il 23 501K 39%
28% . 19%F1 14%; it K% 240 AR A ) 12 B EL A2 A 185
1M 98 /0, D<1 (WA R AW o 5 36 AR A= 9 4 1)
35.15%, ED=5WAM 24145 (K1, £2),
2.2 REHEERTED ST

J RS AR BAR K 2.51 m » m2, BRI
Bk 116.88 cm?  m™2, T ¥ B AR 28 ELA% B934 fin v

36 %
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g D=5 = Dead roots
& 20t
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Fig. 1 Distribution patterns of fine root
biomass of C. platyacantha

A E VNS, B R R B 3G T 2 A
(Bl 2: i,iii; % 2), Hrp, D<1 i R MY % B
T 5 54.30%F1 56.16%, D=5 HIMR AL &
7.88%F1 6.08%; £ 1 1 )2 ANAR MM HR A 25 B A i FL 4y
S 7 A A AR AR I 28 R SR TR 45.83% 1 47.38%,

SV AR 12.97%H1 12.90% . Jad 3% 40 HR 19 HLAR 1
BEAR 22 A BN A 2 8N, D<1 AR AR K

® 2 RRBAREYEMHESERNTEST
Table 2 ANOVA of fine root biomass and morphology indicators of C. platyacantha

GEk7/hs RKHEE ERISIS AR TR
SR Biomass Root length density Specific root length Root surface area
Factor
F P F P F P F P
H.1& Diameter 5.639 0.019* 8.580 0.004** 113.479 <0.001** 8.021 0.003**
12 Soil layer 9.878 0.003** 3.990 0.046* 4.777 0.029* 3.863 0.029*

e SR RN,

Note: * indicates significant difference; ** indicates highly significant difference.

SR 1<D<2, 2<D<5 MID=5H &M 1.4, 5.0
1 60.9 £ 5 BE )2 TREE ARG I 2w, 5T £
JEARRR I AR K A 1L SR IIL SE IV 2R 1.1,
13 A6 % (K 2: iii; #2).
23 REEARNEESGIFMTESEH

23BN, REBARAEY & R ME
TH35 R BBHIBEE R R HARR I, ARG
REMEX, W EARBRWRZAERZ LG
O3 A LU, T B AR /N (A AR 2R R AR v A A A
RZ LD, HESRER, D<1 Ml 1<D<2 i
WRAY R . KEAMRERAES [ L2905 s
R 42.80% F 41.56% . 47.97% FI 44.54% .
47.99%F 45.22%, 1fij 2<D<5 Fl D>5 B4 A= P .

KRR AR S T 2 oy il 2 5l 2 33.63%
1 30.95% . 38.62%F1 21.13% . 39.50%F1 33.22%,
55 B T W A5 AL B —
2.4 RRHEMARORE D ST

R FE AR C B i 72.45 g« m2, N i h
1.61 g+ m2, Hr, FEAIHAT & B2 500 76.71%
M1 72.81%, D<2 mm 4R C. N & &5 5K 376.4
g kg2 9.4 g-kg?, RSN 2749 g m2H
0.68 g » m2, 43l 5 TG M 5 1Y 49.5%F1 58.5% (&
1, B3, £5), B 1 1E%, M8 C TREMRRE
PR 3G TG, A R A TR) B AR AN [H] 4 )2 1)
IR C BB EER (£4), IR N FREHER
BRI B E D, D<1 IR A N & REH
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C— p<1 ZZ1 1<Dp<2 — p<1 1 1<DK2
0.8 i XX 2<p<s B D=5 550 N 2<D<5 EEEH D=5
> -
g o l . 500 T. T
e 50T 450 T B’
= - it 400 g
= °n O L1
B2 0.4l 2o g
3¢ M < 350 1
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2 | B3 ¢
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0 x ] 22
I 11l vV
2.50 t40p
(RN}
£2.00 = 120}
£1.50 S
F7=1.00 o 100
£50.50} o &0 L )
52020} 3 TR PR
o | RS 2 0} Zs g%
Rt 3 o S ’:’:
=5005F sin T 40t ’.Q ’&
8 S 5 g5 2
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i . 5| K 2|
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Fig. 2 Distribution patterns of fine root morphology Fig. 3 Distribution patterns of fine root carbon and
of C. platyacantha nitrogen contents of C. platyacantha
xR 3 RRABAREYE. RKNRARBREBEREY
Table 3 Root extinction coefficient in fine root biomass, length and surface area of C. platyacantha
RAREY & RARKSE R RN
R Root biomass Root length Root surface area
Root/(;iam;er bEESES A4 R REL bEESES A4 B MEESER B
Extinction Correlation Extinction Correlation Extinction Correlation
coefficient (f)  coefficient (r) coefficient ()  coefficient (r) coefficient (8) coefficient (r)
D<1 0.958+0.004 0.972 0.953+0.003 0.982 0.953+0.003 0.982
1sD<2 0.958+0.004 0.974 0.957+0.004 0.978 0.956+0.003 0.979
2<D<5 0.961+0.006 0.950 0.960+0.004 0.965 0.960+0.004 0.967
D=5 0.963+0.007 0.927 0.973+0.006 0.896 0.963+0.005 0.953
LA AAR 0.960+0.005 0.962 0.955+0.004 0.978 0.956+0.004 0.979

All fine roots

A B AR AR 2R 5 24.55%~30.67%; T 7 1A I, 4R C/N E Bl + )2 TR FE AR 2 B4R AG B8 i i
YR N &b 2 R s, B 1 L2 FHm, %1 £E P O/NE N HAL R
Hofth + 275 24.47%~41.81% (& 3: ii; % 4). il 35.85%~69.28%, D<1 MR Z C/N {8 b HAth 40 4R 114
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45.76%~87.43% (I8 3. iii; % 4). AR C
GRAANFLZERTREZR, N GRELZEN
s N, BT RN SRR
th 36.05%~52.00% . i HIFEFLAAR C/N (EFE A + )2
3G B, 51 HERAR ONE A HAb L
JE 1 51.59%~64.05% (£ 5 ),

R 4 RAUBERBENHTEDT

Table 4 ANOVA of fine root carbon and nitrogen contents
of C. platyacantha

CH& N && CN

HT Carbon content Nitrogen content C/N ratio
Factor

F P F P F P
AR 1043 0420 9542 0.004* 24354 <0.001%*
Diameter
+Z= 3314  0.071 17.092 <0.001*%* 64.164 <0.001**
Soil layer

& 5 RRIPETEARERE 5T FHE

Table 5 Distribution patterns of dead fine root carbon
and nitrogen of C. platyacantha (g*kg™")

j:}.-%‘ 1 11 1 IV
Soil layer

k& & 44645+  451.04=  416.60+  413.32+
Carbon content 2546 a 32.07a 3735a 13.57a
Ao® 14.73+ 9.42+ 8.80+ 7.07+
Nitrogen content 0.87 a 1.65b 0.83 bC 0.74 ¢
AL 30.34+ 48.56+ 4737+ 58.81+
C/N ratio 1.86 ¢ 5.68b 1.31b 543 a

W AR RERRA R L ZTE 0.05 KFZ 57 3%
Note: Different letters indicate significant differences among different soil layers
at 0.05 level.

33tk

RRVE A A il s B AR AR, e
5 TR T BB A B LM IE, HOP
AFNIPAT B R T RAKE 37 b S5 AR A HPIR B, 3F
XPREAI A KRG e PRI E T o S DRIEAR ) A A
WK G FIFR 48, MR R A W i A AE — 2 KM
FIAE, 2006 )o AT H i HUH% S AR AE D4R 173.62
gem?2, H{ERALSAEYEHN 13529 g « m2, 1K
R EAR/NT 2 mm BAIRAEY Y 73.04 g « m2, i
B 54.99% , 5 A AL T RO B ) X

( Cyclobalanopsis glauca , 544 g+m>2 ) Fl XK §
( Castanopsis carlesii, 85.5 g+ m™2) T, KT
5% ( Alniphyllum fortune , 104.1 g+ m™2 ), W&
( Liquidanbar acakycina, 122.4 g » m™2) FI4HHART T

W (Altingia gracilipes, 122.6 g * m™2) (5K, 2009;
HHRSE, 2012), WEMRTRIXKE KK ( Castanopsis
kawakamii ) R4 & (4944 g m?) (B ERE,
2003 ), X Ud B 5 RS H ak fE AR L, IR A
At SRS 240 AR AR ) i R 2 O R IR . X AT RE S5 BL
J& 1L SRR IR AR AR TN R B, PR e RS
MR AR, EEBRBWILT A, AR5 L
JeBAE EAR/NT 1 mm {6 AIARAR A 5 B | AR AR
F T BT 5 L2y G i 58.84% | 51.36% Al
52.59%, BEHTEAE/NT 1 mm BYAR R AE e 0 RS AR R
o A, MEAMAESYREAEEE L,
Caldwell et al (1994) I\, MR T EIEAMR M
A, PREFHIAR 0 WOICRE T R R 4 AR A B A S )
REMOCHE, S EORANR N HA B m R % b
HRA R . PR Ry 3 AN SR a2 ) R A
KR AR KA S PIHFE , HA R T 4R AT i H
WU TIfE (Guo etal, 2004),

FEPIAR Z 0 A AR S D RERR 5 HOE A XA,
W HRARAL P —LTER, JUHE C N FREY)
FH% ( Eissenstat et al, 1997 ), AS#F5EH, D<2 mm
AR C. N RN 376.4 F19.4 g« kg2, HKT
Jackson et al (1997 ) 7E4EKRE EXTAIAMR ( B AR/
F2mm) C. N FRAMIT (488 F 117 g kg?),
Je HFE AR C B i A ] b J2 RO [A) AR (R) G f 2
Ak, TN F R B A AR AR RN 2R B3 i
K. o N S EBER R AN EE S Gordon &
Jackso(2000) & Burton et al (2012)J#F5E—2L; 1 C
Frm AR AN TRl , Gordon & Jackson (2000 ) £5
AAT N R IAR R C & = Bl B AR 0 38 T iy kg
hne mRIAE IR N B BE AR AR Ak Y S P AT R
— 7 THI B BN AR R A AR Bl IS BR
RIS 73 ZEE R (a7 B4, 2009 ); 55— J7 i E
I/ AR 2 RE WO SR o AR 43, AR AR
1 3 54 e TR WIS L [R)A R 2 fa  TH AFE R
BUfiEf (Lambers et al, 1998 ); [H I fil#%<1 mm
MAIMR N St o WFmSF (2011) IWIRA CU N
A AR SR R EAR LR/ G, iR L
I B B 1 2 B )2 JEL BE AR G R/, HEAR L7, i B
B2, AR & B B (Guo et al, 2008 ),
XFAE(2010) AT FERAEN], MRA N & B BEAEAR 1L
O R REAR, C AN A S, EE ML,
Bl 2 URBE RGN, IR AR LML A N, P



2 34 A FURIH SRR UMK R R A5 I AR T A SRR SRR 183

EFEBWEAR . Nadelhoffer ( 2000 ) BF5TIA N, 2
ANEHES HEREAMUER MG, kL5
(2014 ) XHAEILIEMHs ( Larix principis-rupprechtii )
NIRRT —E PR EUi] TIRARA S &=
HEBAS R, B, JRAE 4R & ikl
T HEVREERE TN TR, 24 40% 1 40 AR AU A7 AE 3R )2
I X UERAAR ZO6 RS o FEE R PR+
BERZE, M RMARELESREHR S EA TR
AEEMEM (X%, 2008 ), JREIFHIH C fIN
e B B X PP AR AL AR 2 T B AR C/N (H R ELAR 1Y
RN, X 5V 2 E R — B0 ( Gordon et
al, 2000; #H%E, 2011 ),
ABFFERT, i 0 F% 240 AR 1Y 2 A1 B 1 2 R B Y
B, I 67%M AR 34 T 0~30 em )2,
% DX P A AR A AR %8 R R AR R 3R 1 RRLRT o LL BB A
70%LA b5 A AAE 0~15 em £ 2 AR & 39%, I
AR BRIV, R 3 1 BT o LE 1) 3 30l K ) 46% FiI
45%. FI UL, RS AR 8 e R)Z2 LI, X
5 Macinnis-Ng et al (2010 ) X} Cumberland ¥ 5L
MR AW 53 A T AR 4 (12010 ) % 3% I PG Re L
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