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Abstract; Roots play an important role in individual plant carbon budgets and ecosystem-level carbon and nutrient cycling.
Considerable research has concentrated on the vertical distribution and seasonal dynamics of fine root biomass. However,
the spatial distribution of root biomass has been poorly studied. Our objectives are to determine how fine root biomass
changes with horizontal distance, and to examine the spatial distribution of fine root biomass in stands of different ages.
The horizontal and vertical distribution of root (0—10mm diameter) biomass for three Pinus massoniana plantations of
different ages, 20, 30 and 46 year-old, in the Three Gorges Reservoir area, Hubei Province, China, was studied. Ten cm
diameter soil cores were collected in July, 2010 at different horizontal distances (0.5, 1.0, 1.5 and 2.0m) from the stem.
Each soil core was separated into five sections at depths of 0—10, 10—20, 20—30, 30—40 and 40—60 cm. Roots (0—

10mm) were first separated into living and dead roots. Then both categories were classified into two diameter classes, that
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824 JAE = 32 %

was, two groups for fine roots (0—I1mm and 1—2mm) , and two groups for coarse roots (2—5mm and 5—10mm). Roots
were dried at 80°C to a constant mass and weighed.

Our results indicated the average fine root biomass of P. massoniana in the Three Gorges Reservoir area was 0. 56
t/hm” | which is within the range of worldwide fine root biomass ( <2—5mm diameter) , but lower than the average fine root
biomass of subtropical evergreen needleleaf forest. The total root biomass ( < 10mm diameter) for P. massoniana forest for
the 20, 30 and 46 year-old stands was 2.40, 4.72 t/hm’, and 2.94 t/hm’, respectively, and differences between them
were statistically significant ( P<0.05). However, the fine root biomass (0—2mm diameter) declined insignificantly with
an increase in forest age (P>0.05). In all three stands, living root biomass was much higher than dead root biomass. Fine
root biomass in all the stands peaked at 1.0 m from the stem, but fine root biomass in stands of different ages changed
differently as the horizontal distance increased. Fine root biomass was mainly concentrated in the upper soil layer and
decreased as soil depth increased. For all ages of stands, 47.53% —71.73% of living roots were observed in the 0—20cm
soil layer. The majority of coarse roots (2—10mm diameter) were at a depth of 20—60cm. We concluded smaller roots
were more sensitive to environmental change than larger roots, based on an analysis of the interactions between the spatial
distribution of fine root biomass and soil depth, distance from stem and stand age. Spatial distribution of fine root biomass
was very significantly influenced by soil depth (P<0.01), but effects of stand age and horizontal distance from the tree
stem were not significant (P>0.05). Also, all these factors had no significant influence on the spatial distribution of coarse
root biomass (P>0.05). The results indicate more consideration should be given to research on the spatial distribution of

roots and the effects of these integrated factors on root distribution.

Key Words: fine root biomass; horizontal distribution; Pinus massoniana; Three Gorges Reservoir
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A B2 R REAR 2R 20051 R, i Ak AR AL e i 2 - PR B B B4 i 2 s/ i AR 43 A
FEAKSF ) AR A TE 18 . Vamerali %00 A AL AR R ISR THF 140 05 RIS 40 AR A= 4 ik S H
23 (A 4347, S FRAT TR Ut AR 2R 23 [B] 43 A0 1 S B T B A ik

R DX i A I R G AR R A T IR A LA 2R i MY AR AR AR i X P A S R 4
BRI SS A SR = X EAE W D RS (Pinus massoniana ) N T BRI %, FI FIAR BH L BFSE 5
AR R 2 ) oA, B ST T E R AA AR AL 3 B 1) RUKSEJ7 190 1 43 Ak SRy, 2 T 28 (8] 43 A FbR A4
TIEXF 4R A=y i A 52 EAE FH, Rt — 25 T il =06 3 X 5 R s i 5 4T B (G At B34
1 HRBREHEFH*

1.1 5K [ SR

FFE XS A T AL Bk I B 20 PP SR A0 =i I Wl B3 8 7 30°38714"—31°11'31"N, 110°00'04"—
110°18'41"E, FIH BLJ& S #Ay Bl 1 2 UM TR IRV , DU 2R3 BH SRR AT L . AR ISR 7. 8—18
C,AERFIKEN 950—1900 mm , Z4E AR 2 1AM /K A  AHXT BB K, AT 3k 60% —80% ., Hby M4 1 4%
B T RO F RO B A pPRR SR R TR TR A, FARAE R IR B A
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(llex chinensis) ALFF ( Platycarya strobilacea) A ( Liquidambar formosana) K528 ( Quercus ) FEWM MCF 142
FY) £ 2 55 ( Camellia sinensis) AT ( Cotinus coggygria) KT ( Lespedeza bicolor) .= 3& ( Coriaria sinica) .
¥1:1% ( Rhododendron simsii) .38 ¥ ( Smilax china ) 55 ; 5L AR H T ( Miscanthus sinensis ) | F1 5% (Imperata cylindrica
vat. major) FIETKIFE ( Cyperus microiria) JRIEANEEIE ( Osmunda japonica) %'

R R RSCARRAL T VA B 55 BPARUS 30K 8 (30°47" N, 110°55" E) SRR T 22 B AT (30°52" N, 110°
54" E) ARG BRI RRIE S e BT L3R 1,

F1 TRAERDERWRE R

Table 1 General status of sampling sites of Pinus massoniana forests at different ages

HF #h43> Forest stand
Parameters PR T Middle-age stand 1K Il Pre-mature stand JEAHR I Mature stand
MRAMFRE

SIS Average age/a 20 30 46

WK Altitude/m 964 357 987

¥ Slop/ (°) 10 20 18

SFH 4 DBH/ em 15.5 23.0 34.5

SR R Height/m 17.2 23.0 25.7

AR BE Canopy density 0.6 0.8 0.7
+ MR (0—10em)

R Depth of soil/cm 75—90 40—50 75—90

1 Soil bulk density/(g/cm®) 1.24 1.59 1.03

A HLE Organic matter/ (g/kg) 73.10 22.05 106. 10

2% Total N/ (g/kg) 3.28 1.43 4.22

1.2 W5k
1.2.1  Huke

2010 4F 7 A A, 43 BIEA R AR 2 BAMK A5 57 3 B 20 mx20 m Andfidh , BEATREARKN . R M 4l t
FTHF AR Z2 A IEHORE  AREG I AR 10 em AT 18 em, FEASFEHL PN /3085 5 ARARIEAANE I EERS, 52 B AR
EGAALRIh AN AR RS [R) Ao i JBORE A A7 5 S e i 1A 5 9 R 1 7T B B A, DA /D X e
AR AR, 3 FEEREAR 0.5.1.0.1.5 52 2.0 m AN E AL, BEPLIESE 3 A7 A R BURE 5, 4 05 32 0—
10,10—20,20—30 ,30—40 ,40—60 cm 434 5 N EZ IR, FRE TR R0 M e i A, I Bkl T 12
AT MR  TEIEAEAR 0.5.1.0 22 1.5 m IONL AL, 70 4 D TEEZREEE . 765 —FEHb K IS8 R — BR AR
B IR R AR B 1) R — 2 U ) MR S A B A G 5 1 A SRR Al ] S B0 IR AT R AT R
P OSLIESTA S
1.2.2 REFEHST

ELGRI TG Z A, ST, it 2 A AW EER X 43 H A R AAE AR , IF 10 TTC Y ik g
TEME Y AT JER  IEB 353 90% L) 5T,

TESEG % P R AR B GRFL R 20 B B9, FHK sfde , 5182 LR B e E BIAR O L 6
RGN ARG RGeS R R E YR R . fER R0 ARIEAR A Fi SME ik AR
Bz 5 B M B RERE ) | TR 25 B BRI X AT AR AN BEAR . R bR RORAR 2R 4% B4R 4 4R (0—2
mm ) FPHAH (2—10 mm) , H¥E—E 40465 0—1 mm F1 1—2 mm Z404R ,2—5 mm 1 5—10 mm HH, 730470
BARYARSE 80 CHET ZHTE (24 h) , AL FRFFRE R #1%] 0.001 ) Ui HEARAY & .

IR (Vhm? ) = SRR HIAR T EH () x10°/[7(D/2)? ]
K, & WIRERI AR, CH @=10 em,
1.2.3  TIEVERTAINE
FIEHAE S A EACK ) S Y . B PRUEREHBBEALIE L 3 A 5T HURE RS A 3 W MR 2+
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AN —NRE TR, B R BR R 5 W 2 RS F A5 B 0—10,10—20,20—30 ,30—40 ,.40—60
em 432K 5 AN LR URHEATRAE A 1 SE06 3 70 AR 5 O 2 3 ] WA AR R RERAR S B B AR AE 1Y
B+ S SR T A A AR L e E A GE XA B AT T fR AT R BIBR A H MRAR 54
S PIER AR G220 e BB G R R AT 40, (4300 100 B i, B 484k 4 3 4 5 5 ko o A CF LB L 4
R o LTI A R EE A R AL Tl - AP AR s 2 AU S SR FH L EC A
1.3 Hdnaba

{8 1 Microsoft Excel 2003 1154578 AR Z AL 1 & (0 - 980 bR ifE 22 F1 A 43 L, 3% SPSS16. 0 X {4
One-way ANOVA Fl LSD Z 8 [LARZE FORTEM A RIS AN [F] )2 R EE AR ZKF B 2R 3R AR 1 0 22 55 i
FobE s R — LR AR b ) 2 TR R 22500 BRI AR FIFEAR AE 4 VR S PR 2, 2 TR B /K- I B A AR S
VER I E R K5 T 1R 3R %) ) R A AR A ) 15t 43 A 04 B FE 2500 B 38 B AR, FI A SigmaPlot 11. 0 /{4
1 Excel YEE
2 #R
2.1 RIEIFRG ARG FR A P

LR 3 DA IR FR (0—10 mm) AWK . P AR T (4,72 vhm? ) SEEFRIT (2. 94 /hm?)
SITRML (2.40 vhm®) (£ 2) o 3 DMROZEAIE IR (5—10 mm) JF 7 F o5 i, FLAR B 35 o T ot 4545
B R (P<0.01) , PHREARN 0—1 mm #R R AEY) R AR, 302K SR 1—2 mm AR R AW R RAL
TEARA YR, P MIE AR A Wy e e K 8 oMo AR R B 1 L Bl e/ IS S AR I IE AP AR S, 55 4b, it
MRAFERRAE Y ik, FLBT AR R B LU 3 MR i Y s KA, SEAR A= W 1 BT | Lo 481 g/ I s LA
Sli Y

3 MG N E BAAAIARA Y B (0—2 mm) KKK AR (0. 68 v/hm® ) >IT MK (0. 59 t/hm?* ) > B2
(0.52 t/hm®) , {HTBUPR P GIAR 78 AR 43 4 IF o5 B 22 B9 FE B e R, 0—1 mim 40AR (5 40 AR B 9 48. 53% —
67.80% ,UtHH 0—1 mm AARTE S REAAAIR T 5 A FE A, 7EAIARA Y b AR B S5 AR 19 & AR
FET -5l B VIR TG/ SCAIAR LR T AR R SE, K5 5450 AR SEE0 23 X6/ SEAR [b ™
AEFERR, NI/ SEAR A W i (DR, T bR (6. 96 ) 3 KT ALK (2. 56 ) AT il AR (2. 43 ), F i 1 3 24
PRI IR AL TR e A SET- AR St R v,

R2 BRAPAEREEMNRREYE

Table 2 Root biomass with different diameters in three stand types

Moy H 4% Diameter A48 Biomass/ (t/hm?)

Stand types /mm TR Living root FEAR Dead root B Total
AR T 0—1 0.24(5.08)aA 0.09(1.91)aA 0.33(6.99)
Middle-age stand 1—2 0.25(5.30)aA 0.10(2.12)aA 0.35(7.42)

2—5 0.73(15.47)bB 0.34(7.20)bB 1.07(22.67)

5—10 1.75(37.08) cC 1.22(25.85)cC 2.97(62.92)

H3 Total 2.96(62.92) 1.75(37.08) 4.72(100.00)

i VNI 0—1 0.34(14.11)aA 0.06(2.49)aA 0.40(16.60)
Pre-mature stand 1—2 0.18(7.47)aA 0.01(0.41)aA 0.19(7.88)
2—5 0.40(16.60)aA 0.04(1. 66)aA 0.44(18.26)

5—10 1.18(48.96)bB 0.20(8.30)bB 1.38(57.26)

J3F Total 2.10(87.14) 0.30(12.86) 2.41(100.00)
vl 0—1 0.20(6.62)aA 0.09(3.08)aA 0.29(9.70)
Mature stand 1—2 0.17(5.66)bA 0.06(1.97)aA 0.23(7.63)
2—5 0.35(11.74) cA 0.13(4.48)aA 0.48(16.22)

5—10 1.51(51.39)dB 0.44(15.06)bB 1.96(66.44)

B3t Total 2.22(75.40) 0.72(24.60) 2.94(100.00)

R AR AR 60 MAEASBYF IR, IR PR AR A 36 ANREASIE, 755 A AR F BT 40 L ; Rl — Ak gy A [ 31 RN e

ARIFREREBE (P < 0.05) , KEFRERFEFZE 70 8% (P<0.01)
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2.2 MRARAYEAEA R KPBE B AL o0 A A SR

HITE 1 ATLAE Y S RAS 0—10 mm MRR AR R B — 2 KA RAE . I BBR AR R AR W R K
SF-BE B TTHEI0, hARENR BLAR S A R BVRTERE B 0.5 m AMR R AW iR AR, TR 3 KR
FEBSARARZEA T, TP ARTERE B T 0.5 m AR R AW R R (4. 18 v/hm? ) T BVRAR R AW e R A T
1. 5m AL IKFIRRAA (2. 63 /hm®) , BRI KRAA (3. 04 v/hm? ) HBUAEKP- B8 2.0 m A4k, Tr =0 Hrai itk
B, 25 A i AR AR A e AR AN TR R KPR B AR 25 57 AN 35 (P>0.05)

ANRIBRG AT, S AR AR A Py i STERE IR T 1.0 m AbIA B de KB, (H B KT B 25 A 34 An , AR A 4
RO SAEA R P R B S (B 1) o AR, 3 AR P B A T dRe it A AR R A 4 2 P 48
T, AR AT RE 2 J At 2 AN BIAR ZR 20 A BRI

®0.5m 01.0m O1.5m =2.0m

60 0—10mm Lor 0—2mm P>005
ESOr P>005 0 -
S 40 - Ol
]S 06
H g 3.0 | Y
W& § 5' 04 |
S, L KI: 41
4 f 2.0 . $
g 1ot K- ] 02r | -
&~ ol bl S
o LK X L KX

WAL mEk Ak FoHk SR I W 1

1 ERSAREKFEEBLH 0—10 mm REM0—2 mm BIREY =

Fig.1 Total root ( <10 mm) biomass and fine root ( <2 mm) biomass in horizontal distribution of three stands

2.3 RAAEYEIIEE A
M RITREE -3 AR R A= W i i) A LU BIR R, =

(=)
IS
o
®
=
3
i
o
IS

250

U X FEAR R 0—10 mm 4R 7% 3 1 2 B B 25 )22 %;&:o ot RRE . e
VRS IR B 1035, 3 MRSy WA AR e 36 2 20 T% ﬁE Mﬁb r%
U6 T £ 53 A R Mk — B (R 2 ke, g o LK E AR R H 6 B LR
67. 69% I IE KL 84. 71% IKIBEMRATLE T 0—30 om + I TLIINIITIIIITI !
P TR ,0—30 em I & A 84. 14% 19 i AR A B R L
94. 76% MY FEAR ; THT 15 LMK 1, 72. 309% 9375 ML il 83. AR Soil depth/em

65% HIFEMRSS A 1 20—60 em A2, BT B2 EHAPRR (0—10mm) HEEHFHIE

FRBAR T 5—10 mm LA 5 AR Z AW 66. 44% Fig. 2  Vertical distribution of root biomass ( < 10 mm)
TR 5 38 A5 7 20—60 em 2 (F 3). percentage in three forest stands

HLAE 3 RS AR R AR AR R 0 36 L4 Ai (1 3) , BBk H A A A EANTE . 0—1 mm Al 1—2 mm
2R 2 R Ry Bt = 2 TN 3% 08 5 2—10 mm AR R TE 3 MR N TR o0 A RRAE 22 S 80K (B R B B0 A 78 - 1 v
T2, AR (E 3) ,65.33% BTG RN 73. 90% WIFEANAR /3 A 7E 0—30 em £3EP ;2—S mm IHHRTE 20—60
em T2 (1 71.29% ) 5T 0—20 em 38 FEARE F407E 2030 em +3EHN ;5—10 mm 15 H FIFEAR 5353
£ 10—20 em F120—30 em IR FNH A, TSR (K] 3) 401 (0—2 mm) FZ/ M 7E 0—20 em TN,
TEARFIBEMR 2390 5 71.73% [70. 47% . Hod 0—1 mm AR R EEAEFAE 0—10 em HIEN, THARFIFEAR 551
33.72% F147.39% , H @& KT HAh - JZ N IR A5t (P<0. 05) s AR (2—10 mm) Y75 AR A4E P i K48
AP (HHRE D A 7E 10—30 em HHE BRI 3) N 72. 04% (935 40 AR 43 A 7F 0—30 em T4,
84.76% HIFEANAR I A 7E 0—40 em + )2 MR F 25534 7F 20—60 em H7,82. 70% Y15 HLAR A1 91. 89% (1)
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Fig.3 Vertical distribution of root biomass with different diameters in three stands

[F—#&% FF R ARIFRRZER B (P < 0.05)

2.4 SUURAR FR A [ SN EE

AW AR+ ER R YRS IR KR A I TG (R 3) 45 R A B = e X
AN T AR 0—1 mm 4HAR A= 9 it 32 B2 57 4 HE U B A 52 ), S [ 7K S B 3 b JHL 5 g o 3k 31 i 35 7K (P>
0.05) ;1—2 mm 4IARAZ HHEREE KVRE 2 AR (52 AN K 2—10 mm AR RAEY) &R Z 8 BAEHY RS
2| i EIKF(P>0.05)

*3 IEREKFEEBMRSEXNZGEEXSERMEREDETTEZMPN A EITE
Table 3 ANOVA for influence of different soil depth, distance and stand age on the fine root biomass of Pinus massoniana plantation in Three

Gorges Reservoir area

A5 R - OL—I mm T AR 0—1 mm AR 1*2 mm TH AR 1—2 mm FLANAR
Sou.rce of P iving fine root Dead fine root Living fine root Dead fine root
variance F P F P F P F P
TJRRE S 4 12.019 0.000 ** 3.686 0.009 ** 1.044 0.397 0.366 0.823
KFEREES D 3 0.093 0.964 1.180 0.323 1.872 0.151 1.495 0.344
ik A 2 2.359 0.101 2.769 0.069 2.362 0.108 5.910 0. 064
SxD 12 0.163 0.999 0.543 0.879 1.254 0.288 2.060 0.248
SxA 8 1.855 0.089 0.603 0.752 0.766 0.619 0.194 0.895
DxA 6 1.112 0.361 0.262 0.932 0.581 0.715 2.415 0.195
SxDxA 24 0.308 0.997 0.469 0.964 1.106 0.384 0.849 0.409
#* % P <0.01
3 itig

ZHWFFC U] AR ZR AR R e o PREE A8 A B RO SR | K A PR D 0 AR
MRS S R, AR SCR B0 = PR DX T R A A AR AR 1 A5t 11 25 (DA J) B 5 8] 43 A3 FIUMR 3 R AiE X 240
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TR FRER B RN ) A5 AT OGP AV 2N Rk B OC R SRS — Finer %1 3l 5
REPRCHR St 512 AARIIBORE, K UIREE R R (26 52 AR PR K i EEHORTRE ) SRR R (AR IS B AR A
W) AREMFRE S AR AR Yy (BRI AR JEFIAR AR ) B R85 | AR P 18~ 247 8 T RR 400 RE At B 4
AWt 49% WZ L FAITR ARG AE Y i 79% 7840, ASCHATR - ER A AEY) &5 HHERE JKFEEE A
MIBHATERG AT (R 3) , R =R EIX S A A TAK 0—1 mm AR A ) 3= %52 1 HEUR B A 52 ), AN [m) 7K
SRR PRI S8 HAE IR 1—10 mm AR R MBI EE (P>0.05) , X —45e 5% F =5 AR, XERWAT
AR B AR JE G e | X PREE AR AL MRS . Andersen 251 [RIRE & BRI A1 K - 1 85 2 a1l (14 32 B AR R
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K IFZAK ( Cunninghamia lanceolata ) HP{E MRFNUT AEEAMR Y T Bk 5 BC 4 35 o T 28 PRI Rl 20k, 17T & 08 K )
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PRI XA AE K B ZR G2 i A 1 T R T

ASALLA 3 TR S S AR XTGBT SRk - S AR AE A i i 25 0] o A A Oy o (HMERR PE A — e 2
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