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SRAEESEIN R AR LR B s ELS BT R B S e B b B AR S 2 AR ZHCE TR R s R AE 7K 77 18] L Bl A R
ARSI A HE B A Ak T ol Ry AR 2 ) A A B 5 S 34 T2 s 2 5 B AR AR LU AR W B, P P49 39 0 159 5 — . —
SRS BRI A R B, BATMARBC IS 22, X SES SRR AT RE A E A R AR Y i AR PR A R 40 [ AR
TR A AT 7 S B R A AR AR 5K

RERIA BATY K P TS R B R H L AR X

The response of root morphological plasticity to the expansion of a population of

Phyllostachys edulis into a mixed needle-and broad-leaved forest
SHEN Rui, BAI Shangbin®, ZHOU Guomo, WANG Yixiang, WANG Nan, WEN Guosheng, CHEN Juan

Zhejiang Provincial Key Laboratory of Carbon Cycling in Forest Ecosystems and Carbon Sequestration, Zhejiang Agriculture & Forestry University, Lin'an

311300, China

Abstract: Moso bamboo ( Phyllostachys edulis) , an economically important plant, is often cultivated not only for its
delicious shoots and versatile culms, but also as an important biomass resource in southern China. However, with its robust
growth and strong rhizomes, Moso bamboo populations have been expanding rapidly into adjacent forests. Root plasticity may
enable the bamboo to efficiently forage for nutrients in heterogeneous soils. The ability of a Moso bamboo plant to respond to
competition through root plasticity may be an important trait for the species, but little information is available on how root
systems respond to belowground competition during colony expansion. To provide baseline information on the morphological
plasticity of the response of Moso bamboo roots during population expansion, we continuously sampled three forest types.
These were 1) Moso bamboo forest; 2) mixed bamboo, needle- and broad-leaved forest (or transition forest); and 3)
mixed needle- and broad-leaved forest. This study was conducted in a typical transition zone in the TianMu Mountain Nature
Reserve, Zhejiang Province, China, where there is ongoing bamboo expansion. Rhizomes and roots from Moso bamboo, and
roots from mixed needle- and broad-leaved trees were collected by the soil core method to analyze root morphological
parameters, including root biomass density, special root length, and internodes length of lateral roots of the same order. The
results showed that (1) the root/rhizome system biomass of the three forest types could be ranked as Moso bamboo forest

(Moso bamboo root/rhizome system biomass = 1630.46 g/m’) > Moso bamboo in the transition forest (902.76 g/m’) >
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the mixed needle- and broad-leaved forest ( the needle- and broad-leaved trees root system biomass = 412.76 g/m*) > the
needle- and broad-leaved trees root system biomass in the transition forest (272.36 g/m’). As Moso bamboo expanded into
a mixed needle- and broad-leaved forest, Moso bamboo culm density increased gradually, with a corresponding increase in
root biomass. (2) In a vertical direction, the root system biomass of Moso bamboo in the 0 - 10 c¢m soil layer increased
from 44% of all root biomass in the Moso bamboo forest to 56% in the transition forest. Simultaneously, the root biomass of
needle- and broad-leaved trees shifted from the upper to lower soil layers. The root system of Moso bamboo managed to place
more biomass in upper soil layers when it encountered other trees, allowing it to gain a competitive advantage. (3) In the
horizontal direction, the root biomass of Moso bamboo did not significantly decline with an increase in distance from the
sample tree, while the root biomasses of needle- and broad-leaved trees decreased with increasing distance from the sample
tree. (4) The special root length of Moso bamboo in the transition forest increased by an average of 15% compared to the
Moso bamboo forest, while the internodes length of first and second lateral roots decreased. The number of bamboo lateral
roots also increased. Moso bamboo, with its ability to increase the special root length and decrease the length of the lateral
root internodes, would outcompete trees in the belowground environment. These findings indicate that the morphological
plasticity of Moso bamboo, shown by its root biomass, special root length, and internode length of the same order lateral

roots, easily results in the expansion of Moso bamboo populations into surrounding forest.
Key Words: belowground competition ; invasive species; root plasticity ; Tianmu Mountain Nature Reserve

EAT (Phyllostachys edulis) J&RAFBHT SRR IE ALY , K R4 09 28 5 0 (6 75 3% = e 5 i A5 LA iz
o, SR RTSER B, AT v R AR A HE () SR HE 75 7 sk B W1 I 2 A 25 2R 98 ok 1) 7 T 52 i) H 37 58
WU EEATY B ML AL, B AN — LT W R B AT AR Y R IR AR 5
G057 ARIRAE R T (0 MR AR RS BRI IR ANE . A TE G I R TEAT A ST U, o R
oy sE g b B O i P AR R A Sy g DR AR R IR RO, = AR R B S R E K 5
Grop HHROEIA L H AR A AT S 5 A 4 T B A o 7 AR O B A Ak ) — R B AR
e K M ( Fraxinus mandshurica) FIYEW s ( Larix gmelinii ) 12555 G0, TR ECE T /K FhWIAR R T2 25 A
a3 a) A B AR FE R ( specific root length, SRL,m/g, BV FA7 51 & A AR A< B ) FIAR < B8 5945 e o, 45 A1)
FoK MBI s 2 (35 03 UK 43 B o aloie 0

PIAESC T RBATR R MO R 2 D TEBATHIR REESS R DFIE X Y HGE R b AR R B PR 2 L /0 X
Wil T IA TS BATY sk B rh T AR AR A BRAR R AR R S P SRR RO A A S o 1) 2 7R AR A i)
7o BEARTEAT I 2 T P ) QB AR AT B B, I8 A i R TR R3E g, S, BATIR Rl /8
REAMRINE 2 LA B3 e R AR Ak 2 5 A4 R F HAE e 4 h R IUE3A B AT SR e 50 S T 3R DL b
B, A SCHE R H LA SR PR X BAT 101 BT R S AR 5k ) MR b B | 3% 22 IX S8 | 8 B AT 2K BAT-H IR
MR T REAR 3 FPRE L, XF LEAFSY 3 FPAR A3 N BATAR 3R IR A AR R 19 25 P 1 %% FE (root biomass density, RBD,
g/m2 , AN T A AR R AR ) JAIAR EE AR K AH L8 [R] e AMAR 7 5 R (lateral root internodes length, LRIL,
mm , 4 [F]— R AR 53R (R i 22 [R] -1 1410 89) SR AR E S8R A0, 3R T BAT IR R A= Wy it S HOE S R B A7
MY SRR  $8 7R BATIR RIESTEZE S rh A AT S8 S 0, B B A TR D sk pL R R AR i e 275

1 #RFnFix

1.1 ARSI HESL

Y HLE W7 VLA I 42 T K B W B R XN AT, -9 XA T 30°1830"—30°21'37" N, 119°24'11"—
119°27'11" E; 4R350 8.9—15.8 °C, % H <R 2.6—3.4 °C , B AR <R -20.2 °C , i <R 19.9—
28.1 °C, JoFgiY 209—235 d,4F [ /K it 1390—1870 mm, + 30 W iy 21 8 S AT 32 BT ARBFP R 3 4
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( Castanopsis sclerophylla) 7 X ( Cyclobalanopsis glauca) MWK ( Cryptomeria fortunei) . AKfif ( Schima superba) ¥
A ( Cunninghamia lanceolata) % ; FEARAG BALTES ST ( Camellia fraterna) . 4R A6 ( Rhododendron ovatum ) . LI
(Symplocos caudata) FNUFHML( Lindera glauca) % ; FASFE Y EE N 45} ( Compositae ) . RAF} ( Gramineae ) | 1
EBRE} ( Dryopteridaceae ) FIVEHB} ( Cyperaceae) SEWIFEHY) . WFFE &I, AR X N BATLEY 4.47 hm?*/a 134
T TG A R A TR R R A A
1.2 SRt

R BT Y T R AR RIS IR AR Wy FC BB M SO TE VLA I 2 i R B I EI RS A SRR IX
B EL AT 42254 (TCR 702Xrange ) A IFELEIEIN 1 7 4R 3 2% 30 m SE A [ BT (17 T-1fE4K 458—590
m Z[H] R BE (80—120 em) G WEIX FERE T ) 1 R B RIREAY . REAT I S5 B RV AT IR, 18 JE 2R X I
LA BT A BATY I BT - B R SR R YT KA BB RE AR 3 RS B AT RO R
FEEE W BATARY 5K AST MRS, B R 2 A 8 8 B AT SRR AT~ R TR SRR W S8 1R R AT
)BT REARY 5K T 1805 SRR RIRUAEAR CHMR P BEARAAE IR 1) o BRI 3 TR I BT AL Y T (3% 3
A i) TERAFAER N T REAR—E, FERL L 3 SRR N A BCE 2 4 10 m x10 m BOREHL, RI4ERRAR
G345 6 AFERL, 3 FiobR M 3ETH 18 AN EE R, 2012 4F 12 A R0 2013 4 6 H AR FERE LN A TIORE . R
FIARERZ: (AR 10 om) TEBAEHBBEHLIEI 5 S RAE LT 3 /2 (0—10 em,10—20 cm,20—30 cm) Hil LA, [
— 12 5 FE BRI AN — A BRI 6 DNES . S N IFFEAR R BKFCEMS R FEBATAR
REPEAR B AR b N 2 S AR EBATRERR EH AR 5 Bk, 205 TH B R A4 4 07 1 BE B T 20 em 40
em 60 em AE R SRAE S, LARIARE DT VA S0 2 B I AR | [F]— BRI 422 4 5 A U8 1Y X o — AR,
H5AEE,

R1 3RS ERBFAE VI hrsERE)
Table 1 Characteristics of three forest types ( mean+SE)

Moyl e ke R AEIEGERY
Type Hight/m Diameter at breast height/cm Density/ (ind/hm?) Age structure/a
FAT 2K Moso bamboo forest 11.18+1.68 9.4+1.47 4838 1—11

S -

LEAE . .. 13.95+1.47 10.6+£1.73 2375 1—5
Moso bamboo in the transition forest

ok AR R R

Needle- and broad-leaved trees 14.10+2.54 17.1+7.28 1252 20—40

in the transition forest

Rk

Mixed Needle- and broad-leaved forest 14.8622.71 18.3£5.92 1637 20—40

1.3 WRESHE

H LA SIS 3 AP APk AT AT SRR 3R sk AR rh 9 B AT AR 5 A R AR 3, F A R OK Bk
e, SRR AR R, BT R R IRE I — R, — PR E A T ZJ0R I3 MO 244
B (x10) ME BATR R —  ZHMARAT SEEE(0.01 mm) , #FERAREBER <2 mm 2—5 mm,>5 mm 5}
R 3 G I ATHE B R R s MK (0.01 mm) . S5 BT 75°C (48 hr) HE46 (72 Binder) ht T Z4H
RO (B AR IR TH(0.001 g) . WAAWRITEAL Y MAEYE (g/m®) = P LR T
i (g)+[ wx(0.1/2)%],0.1 HHEENE(m),
1.4 Hdukb s

K HE R J7 225587 (One-Way ANOVA) Fildge/ N 3 25505 (LSD) XA R ALY & R AR AR K
BATHYAH SR R MR (PR A AT 22 5 B AR I (0= 0.05) o 5 22 70 A il 6 a0 R AT e 2 M A 7 22 5%
PERGIS , RE L, HEAT 6 2 Sr M i B 4, Se it o A ANl G 0 SPSS17.0 (SPSS A ], & [ 2 naF ) LA
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Excel2003 45230
2 HR55%H

2.1 WRESAMIE )R

ARG AFEARG ASFITREE B2 32T A B AR AR 22 5040 25 A HARME (6 2, 18 1-2) . HoP BATHE
HRERHERT 5 mm 8, HARAZB/NT 5 mm, TR R R BEE K8 <2 mm 2—5 mm ,>5 mm ¥,
211 EEISAE)R

A2 2 ATA1,0—30 em )2 A LT, 3 R B 28 A 4 i 5% B 45 3 80 1 R ek g R 4 (HUR TR A2 2
WA A, BAT <2 mm 2—5 mm AR R AV 5% FE TCI0 2 SR 2 b RIS 5 A i 28 B i 34— 3
MMM <2 mm R ABREZH H B WD 0B 2—5 mm X>5 mm R RN ERHH 0—10 em +E P,
20—30 em K Z, 1M 10—20 em f/)h, RBEYRTER — 22 AR M E 22 7 23 (P<0.05) , R H BT
SRS I IEARSEE IR, BATARATHEA: P i i 25 5 Tk JEAR (P<0.05) , H¥h A L R i,

H 2% 2 i W] LI AN B 45 )2 AR R 50 A 1 B BIAS S AR [R], 8 BAT LA 0—10 em,10—20 cm,
20—30 cm TJZ AR R ALY 9 G EAREE Y 44% ,32% ,24% RS IERK 3 D2 N, BT R AP435
A7 AR Y 56% ,24% ,20% , HH <2 mm MR TE 3 4~ L2 H 0 HL B 550 R BAT ARG 46% ,32% ,22% 7254k
R PEMRE 63% ,20% ,17% ., 5t FARAR R AEPREZEETRAAR 3 4> )2 F 50l b BRI Y 46% ,29% ,26% , TEiE
PR3 A L2, 530000 41% ,26% ,33% . Hrh <2 mm #RRTE 3 4> 12T Le 535 B g AR 549% ,33%
13%7E A0 R 3t AR 46% ,28% ,26% , FI WAEEAT W BT AR skt fE b, B AT F 2SR R m R 25010,
T EVR 32 22 MR SRR R I [ TR 2 K e

F2 IMHKN 3N TEEREN HIMRRNMBENBEEOEEN T (TFHEAEIRE)

Table 2 Vertical placement patterns of root/rhizome biomass density of Moso bamboo and root of Needle- and broad-leaved trees in there soil

layers of there forest types (mean + SE) (g/m?)

oA T2 242 Root diameter /( mm) b

Type Soil layer /(cm) <2 27—5 >5 43t Total Rhizomes

EAT Atk 0—10 514.18+37.32 a  208.03+43.74 a — 722.2181.06 a 2161.114£713.23 a

Moso bamboo forest 10—20 357.96£105.32 a  158.57+71.28 a — 516.53+34.04 a  2537.122758.67 a
20—30 244.92+11.95a  146.80%17.45 a — 391.72+5.5 a 2705.90+571.57 a
0—30 1117.06279.95 a  513.40£132.47 a — 1630.46+52.52 a  7404.13+617.01 a

o PERREAT 0—10 368.17£64.39 b 139.73+23.47 b — 507.90+40.92 b 1099.79+225.97 b

Moso bamboo 10—20 116.18£67.28 b 97.34+33.76 b — 213.52+35.72 b 1551.162301.96 b

in the transition 20—30 96.56+27.18 b 84.78+13.45 b — 181.34£40.63 b 1843.18+452.37 b

forest 0—30 580.91+158.85 b  321.85+43.52 b — 902.76+116.52 b 4494.13+980.30 b

ok AR AR 0—10 55.74%31.65 d 45.16£16.23 ¢ 10.21+6.07 a 111.11+21.49 d

Needle- and broad\ 10—20 33.76+23.60 d 25.9127.32 d 11.43+3.14 a 71.10£27.78 d

Ileaved trees in the 20—30 30.62+15.14 ¢ 41.23+11.31 ¢ 18.30£5.02 b 90.15%1.19 ¢

transition forest 0—30 120.12+70.39 d  112.30£20.22 ¢ 39.9422.09 b  272.36+48.08 d

B RAR 0—10 100.48+13.19 ¢ 65.16+11.49 ¢ 23.55+3.36 a 189.19+5.06 ¢

Mixed Needle- 10—20 61.23£22.33 ¢ 46.32+6.71 c 10.33+3.94 a 117.88+32.98 ¢

and broad 20—30 24.34£10.61 ¢ 49.46+8.73 ¢ 31.89+7.54 a 105.6929.42 ¢

-leaved forest 0—30 186.05£46.13 ¢ 160.94x13.51 ¢ 65.77+14.84 a  412.76+47.46 ¢

ARG TR IR Al — LR AR BRI B B AT SRR Rl — 1R AR R AT HE A My R 22 5 B (P<0.05)

2.1.2 KFES-AikE R
BATLIMRE TR AW B B AT R B s N, R B e D S R R E A (R 1), <2 mm BB

WRALE 3 AL 2R R RN EAT 20 om Abfr i, BATEGLHT 60 cm ARUCZ  BEAT 40 em Abfzfik, 2—
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5 mm HIPTHE 2R R 22 2 B IE B B D, 10—20 em 20—30 cm T2 R A HF 5 <2 mm B#EH—,

EFRERY 3 NMEYR R A YR B AR 3 A T Z A KOE T E AR SR AR (- 2) , &R <2 mm
R ZR B R FE PR M B B A I B B I s /D i A T 2—5 mm AYHR R ZE 20—30 em 382 P 40 em A
FHXFEEAR . >5 mm AYAR ZR Bl AR T E B A3 I 522 T B 3 DR L 0—10 em L2 B A 1 & 2 ik n]
DI RRERE 2T BT BAT A POR R4 i % 1 A 8 o T AR

(=}
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Fig. 1 Horizontal placement patterns of the biomass density of the different diameter root of Moso bamboo forest in three soil layers ( mean
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Fig. 2 Horizontal distribution of the biomass density of the different diameter root of the mixed Needle- and broad-leaved forest in three

soil layers ( mean + SE)

W2 3 B e PM , AT R JE FRAT R BATAR ROKP o A A ] . BAT <2 mm ARARBRESAT
20 em AW R R, Ol 758.52 ¢/m? B 20 em A AEWI RN, O 224.87 g/mAh AR IR S3 A ) 22 5 1
ARFE(P>0.05) . 2—5 mm RARNFEIL N BT 40 cm (60 em, BEH 60 cm AR FR AR Y 28 5 A W35 (P>0.
05) o BT R JE B A REBITRAR A BITHRER P B BT T R (2B 40 cm (60 em A BAT
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AW RAN K T AR, AR TR 3 1020 R YRR R R B, B AT B B, S A2 TR
o BATHBCE DR E AR R0 A, BT 20 em AL, JC>5 mm B RRMAR R 20

x3 TEREM HEARITEEERAZENEZTETLE 030 cm TEHKFSHEL( FHEAREIRE)

Table 3 Horizontal distribution of the biomass density of the different diameter root of Moso bamboo and the Needle- and broad-leaved trees in

0—30 cm soil layers in the transition forest (mean + SE) (g/m?)
HRAZ Root T b BT A Distance from the bamboo /((¢cm) BRI ES Distance from the tree /(em)
diameter /(' mm) Species 20 40 60 60 40 20
<2 mm EMN 758.52+64.43 a  516.47+72.84 b  529.43+53.74 b  582.51x83.65b  472.66+x60.76 b  224.87+35.18 ¢

EF R 38.46+16.22 e 73.51+£38.63d  114.69+42.11 ¢ 119.84+58.42 ¢  153.38+56.73 b 255.32+43.69 a

2—5 mm BT 414.73+58.6 a  307.20+62.15 b  287.32+58.31 b  291.57+65.90 b  174.93+64.23 ¢ 112.49+41.32 ¢

EF R 29.85+7.41 d 57.56+17.89 d 94.14+14.57 ¢ 97.55+4.65 ¢ 130.85£14.12 b 201.62+57.43 a

>5 mm SRR 0£0d 32.14+12.70 ¢ 47.28+17.20 ¢ 67.43£31.15b  83.12+19.43 ab 113.47+28.04 a

ARVNG TR IR R — RGBT B R AR R AEARIKF 20 A md 8] 2257 8.3 (P <0.05)

2.2 YR HAAREK

I PEMAH BT AR (<2 mm) EFREMHA IR (<2 mm) B ORI B B AT AR AT B AR & A2 0H ik A
(E3), £ 0—10 em ,10—20 cm ,20—30 cm 3 L2, BATHAR M) AR 20 3 B AT 4R 4.10 m/g 4.
35 m/g.5.75 m/g BN E L FEMRF Y 4.41 m/g.5.30 m/g.6.91 m/g, FHIE R 15% , H 10—20 ¢cm,20—30 cm
TR AR ] 25 5 0 2 (P <0.05) o 4% )2 I BT DA AR 9 L AR A 2ok MR 5 R A ) 25 S5 A ol 2
(P >0.05) , 7E 0—10 cm ,10—20 em +)ZH 735 EF AR 5.87 m/g.6.91 m/g FREZRSEM T 5.16
m/g.5.94 m/g,2 N2 RET 13%, SRIMAE 20—30 cm 2 R AR Y 7.87 m/g 3600 2 5 JE Ak
i 8.68 m/g,

B ERiAbk
71 o et 0 JEBEARGHI B a

Special root length of needle-and
broad-leaved trees(<2mm)

BATAR(<2mm) LK/ (m/g)

Special root length of Moso bamboo(<2mm)
B MR AR (< 2mm) B K/ (m/ g)

0—10 10—20 20—30
12 Soil layer/cm + 2 Soil layer/cm

3 EMEEM <2 mm ARERE MRS 3 M TERRFILRKEULR( FHEAREIRE)
Fig. 3 Comparison special root length of Moso bamboo and the Needle- and broad-leaved trees( <2 mm) in there soil layers f there forest

types (mean + SE)
RIRNE FREFR Al — L2 P BAT R IR AR AEMR A R TE B 25 5 (P < 0.05)

2.3 EMMRA LRIL
EMAP ) BAT— 2 LRIL 78 3 D HIEZE R BT 4RI H BT T R, B — AR A7 S5 7E 10—
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20 em,20—30 em + )2 R FAR AR ] 25 8 3 (P<0.05) (& 4) 43l BAT4idk b9 1.16 mm . 1.24 mm FF§
F3dEMA 0.65 mm 0.81 mm, AR EA BT T EEH2Z S AT E (P>0.05) , H40, R BATH—2% |

9% LRIL AR R A 22 5 BT M2 B IAR A15 B B AR S F 1 2,

3 #igfnitit

31 RS GEY K

AHFFE R, BATAARAR R AEY) 2% 5 (1630.46
g/m”) >IFEMR BT R (902.76 g/m?) >ET M (412.76
g/m’) > it PEARET B AR R (272.36 ¢/m’) . AW HY
F/N e T MR T AP DL R - R VR G T 4 fiE
T AT W T R A R AR ke s
T AR S bR LS A BE SRS S AR R AR R A
Praeth s, XA BT DUR SR 2 R R R
KA A 3825 (] AR 2 B 37 53 7K 43 BE IR, T2 56
X T T RAR A GEUR T8 AR 2 5 4 v (4 R FH 28 5 A
# (scramble competition) " S —J7 T, BT AT DL i

SEUEN
o S EHAB

_g& a
L

&
T

10—20

— e

1 ESoil layer/cm
M2k Root order

o iy T a
=4 e

g‘:g& e 21
L

0 O‘.S l.‘O l.‘S 2.‘0 2‘.5 3.‘0 3‘.5
AR 7] AR A i B
Internodes length of lateral roots of the same order/mm
B4 B4R EERDINTBERREBN— SRR <EE
BB ( FHELAREIRE)
Fig. 4 Comparison of the internodes length of first and second

lateral roots of Moso bamboo in three soil layers between Moso

bamboo forest and the transition forest( mean + SE)
AR NG F RIS [F)— b2 h R — AR s R AR B AT A bk i
PR 22 5 % (P <0.05) ,

A JREAE T A 410 1) J&] 300 i ¢ sl e b 2 S A b AR 2R 1 A
KON R T R A SR 4 i B ( contest
competition) "' | R EAT TR A FX JOAR R 47 J A
MM JEAN S MY . R it R AR R IE SR REZ — 10 BATAR R A i i T R
MR RAE T BAT A B WA Y 7T 1%

3 HR 5 ORI 28 TRV B2 S A 2R 2854 () T A AR 20 I o, MR 2R A R v () A R 28 ] S5 AR s T AR 3R
I HEEIR I 258, B L IE AR AR A 0 URSE 00 . AT SE R B, BAT AR ok R PR R A A
6 JRy A W S AR A T AR 2R 2 R 2 R RN T S A s P AT R AR S AR R R A 3
A JE K 3 A B ARSI SRR T R R G Tl (e A T B AT AR AR AR 8 2K P43 A ) e B B R
TR BN AR R R B W TR A TR L A A KR BTR R . BEE 5 BT IR R R AR R Rk
TR BT B D R AR R, BT HATRE AR MR G5 AT HETE LT e A RS
KAT B BATAR, HBE A3 T R G0 — A LR R A sa R AR K AR T EE B AT F2 TR AR 3 A AR 2R %%
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59517 A5 BRI 5T 4 AR — B,
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IAME SRS G Z R OC R, DA B RO 00 ZRARHEE IS A W) Z AR R I 52 i) | IR L2565 25 JEAS Fh B M AL 38 4 v 11y
T, TR AR R A A MEAEAR S G A b AE ,  Bh T S G b T g BT kA R AR R SE G ML

S 2 3L HR ( References)

[ 1] Gk, RS, FEkE, M6, WG, B, . KA IR XRMEEE LY 2R B AT AR B0 N R sh 81k, A= ZHE
1, 2013, 21(3): 288-295.

[2] Tumgd, EHR, FE, . KH L EZRR AR X BTAAY sk@ BRI, BB M, 2006, 23(3) : 297-300.

[ 3] Kiyoshi O, Shigeyuki S, Hiroko F. Causal analysis of the invasion of broad-leaved forest by bamboo in Japan. Journal of Vegetation Science, 1996,
7(5): 723-728.

[ 4] Tsagi Y, Torii A. Range expansion and its mechanisms in a naturalized bamboo species, Phyllostachys pubescens, in Japan. Journal of Sustainable
Forestry, 1998, 6. 127-141.

[5] XUk, RIER, . BT e B BATY IR AL B BT, WA, 2011, 28(4) : 550-554.

[ 6] REUE, sk, Mg, /@, g, i, fITHE. TP X5 Lk AR LSRR AR . W AES 4, 2013, 24

(2): 338-344.

[ 7] X832, Bihh, ARIRWE, A, UM, ARELHE, a0 R i m 5 g i vk ARy Ik B AR SR . R AR 2524k, 2013, 37(3) .
230-238.

[ 8] Hmuk, FESEH, TR, R, I, BEHH, . BAT AR B S AR 3 2R A i (LB E I SE. R5ER, 2013, 34(10) :
4066-4072.

[9] ChouCH, Yang C M. Allelopathic research of subtropical vegetation in Taiwan Il . Comparative exclusion of understory by Phyllostachys edulis and
Cryptomeria japonica. Journal of Chemical Ecology, 1982, 8(12) . 1489-1507.

(10 JAIAH, M. PIAl TR RIS, ML BLZETTSE, 2004, 17(4) ; 533-540.

1] EMS, 2, 2w, YRR SRS EY RS, 2012, 36(11): 1184-1196.

[12] Curt T, Prévosto B. Rooting strategy of naturally regenerated beech in Silver birch and Scots pine woodlands. Plant and Soil, 2003, 255(1):
265-279.

[13]  EBAL, SRER. K0 A 2R 2 (8] r9AH AR FIBESE . R A= 252541, 2000, 24(3) : 346-350.

[14] SKER, MMk, EBAL, WA, RIS E&M FKMETEH IR R AR S50, Mok, 2001, 37(5) : 18-23.

[15] Wang Q C. Spatial distribution of fine roots of larch and ash in the mixed plantation stand. Journal of Forestry Research, 2002, 13(4) ; 265-268.
[16] Wijesinghe D K, John E A, Beurskens S, Hutchings M J. Root system size and precision in nutrient foraging: responses to spatial pattern of

nutrient supply in six herbaceous species. Journal of Ecology, 2001, 89(6) ; 972-983.

[17] ERM, BB, L3R v R e SEYR R W . B AESSR, 2004, 15(6) : 1063-1068.

(18] FMim, AL, TEkde, Moty ZeHde, J7 6 R A ERK% A KRS X EATY WL B B AR o 25 40 28 AL IR 5. PSR AR0lL Bl 27
2012, 41(1): 77-82.

[19] Schenk H J. Root competition: beyond resource depletion. Journal of Ecology, 2006, 94(4) ; 725-739.

http ; //www.ecologica.cn



WES A5 BT B R AR K AR RIS R 9

[33]

[34]

[35]

[36]

Rubio G, Walk T, Ge Z Y, Yan X L, Liao H, Lynch J P. Root gravitropism and below-ground competition among neighbouring plants: A
modelling approach. Annals of Botany, 2001, 88(5) : 929-940

EHE, WA TR XGRE A OET AR & AR Rz [, B A SSER, 2012, 23(9) : 2353-2360.

e, 26k, WA, FRAe, B, 4, R, EHM, INEK. sl hiy97 35 TR A 5500, Pl R A # ik,
2008, 16(6) : 586-594.

Eissenstat D M, Wells C E, Yanai R D, Whitbeck J L. Building roots in a changing environment: implications for root longevity. New Phytologist,
2000, 147(1): 33-42.

Hutchings M J, John E A. Distribution of roots in soil, and root foraging activity. Ecological Studies, 2003, 168: 33-60.

Mommer L, van Ruijven J, de Caluwe H, Smit-Tiekstra A E, Wagemaker C A M, Ouborg N J, Bigemann G M, van der Weerden G M, Berendse
F, de Kroon H. Unveiling below-ground species abundance in a biodiversity experiment: a test of vertical niche differentiation among grassland
species. Journal of Ecology, 2010, 98(5): 1117-1127.

Genney D R, Alexander 1 J, Hartley S E. Soil organic matter distribution and below-ground competition between Calluna vulgaris and Nardus
stricta. Functional Ecology, 2002, 16(5) : 664-670.

Makita N, Hirano Y, Mizoguchi T, Kominami Y, Dannoura M, Ishii H, Finér L, Kanazawa Y. Very fine roots respond to soil depth; biomass
allocation, morphology, and physiology in a broad-leaved temperate forest. Ecological Research, 2011, 26(1) : 95-104.

MEFT, B, 8 &, B, Tk, Ba, KFEHE. KBRS EYE RS B ks . v, 2006, 17
(1): 1-4.

XEE, WOCtl, WRAE, Jrr, A, oA AR 2 RV I B B AR L Pt ™ RIS 241, 2011, 35(5) & 539-550.
Ostonen I, Piittsepp U, Biel C, Alberton O, Bakker M R, Lohmus K, Majdi H, Metcalfe D, Olsthoorn A F M, Pronk A, Vanguelova E, Weih
M, Brunner I. Specific root length as an indicator of environmental change. Plant Biosystems, 2007, 141(3) . 426-442.

Metcalfe D B, Meir P, Aragdo L E O C, Costa A C L, Braga A P, Gongalves P H L, Junior ] A S, Almeida S S, Dawson L A, Malhi Y, Williams
M. The effects of water availability on root growth and morphology in an Amazon rainforest. Plant and Soil, 2008, 311(1-2); 189-199.

Pregitzer K S, Deforest J L, Burton A J, Allen M F, Ruess R W, Hendrick R L. Fine root architecture of nine North American trees. Ecological
Monographs, 2002, 72(2) : 293-309.

Guo D L, Xia M X, Wei X, Chang W J, Liu Y, Wang Z Q. Anatomical traits associated with absorption and mycorrhizal colonization are linked to
root branch order in twenty-three Chinese temperate tree species. New Phytologist, 2008, 180(3) . 673-683.

Guo D L, Mitchell R J, Hendricks J J. Fine root branch orders respond differentially to carbon source-sink manipulations in a longleaf pine forest.
Ecosystem Ecology, 2004, 140. 450-457.

Fmse, EBAL, SAE, SO, SBRL, MR K IR RS R AR P 2 ) 40 AR BAR 69728 S BF 5T AR AR A2 4R, 2005, 29(6)
871-877.

Hodge A. The plastic plant: root responses to heterogeneous supplies of nutrients. New Phytologist, 2004, 162(1) ; 9-24.

http ; //www.ecologica.cn



