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Cloning root system distribution and architecture of different forest age Populus

euphratica in Ejina Oasis

HUANG Jingjing', JING Jialin', CAO Dechang’, ZHANG Nan', LI Jingwen" ™, XIA Yanguo', LU Shuang'
1 The Key Laboratory for Silviculture and Conservation of Ministry of Education, Beijing Forestry University, Beijing 100083, China
2 Depament of Biology, Beijing Forestry University, Beijing 100083, China

Abstract: Plant population regeneration is of great importance for restoration of degraded ecosystems and preservation of
biodiversity in the extreme arid region. The effects of soil environment on the characters and sprouting of propagative root of
populus euphratica were investigated to elucidate the development mechanism of adventitious buds and root suckers. It was
contributive to ameliorate the regeneration of the degraded riparian forest in the Northwest of China. Based on the
investigation on soil profile and rhizotron in middle-aged and mature-aged Populus euphratica forest, the cloning root
distribution characteristics, the root architecture, and the relationship between the sucker root and propagative root
architecture were analyzed. Results show that: (1) with the increasing of the soil depth, the root length density ( RLD)
and root surface Area density (SAD) of fine root (d<2 mm) present the exponential function. (2) In different depths
among 0—90 c¢m, the RLD and SAD of the fine root in middle-aged forest were significantly larger than the ones in mature-
aged forest (P<0.05). However, in 70—90 cm ( deeper layers) and 40—50 cm ( shallower layers) , the RLD and SAD of
the middle-sized thick roots (5 mm<d<20 mm) and the thick roots (20 mm<d) in middle-aged forest, were significantly

smaller than those in the mature-aged forest (P<0.05). (3) In the middle-aged forests, the root surface area, the root
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forks, the root fractal dimension, and the average branch angle were chosen as principal components in analyzing the root
architecture. But the root volume, the root forks, and the average branch angle were chosen as principal components in
mature-aged forest. The principal component analysis on the root order showed that the diameter class among 1—2 mm
significantly influenced the SAD and the root volume. (4) There were no significant difference in the amount of the
adventitious buds on cloning roots, the first-ordered lateral roots and branch angle between the two-age forests (P<0.05).
(5) It was found that the amount of the adventitious bud on the second-ordered roots were 3—4 times more than that on the
first-ordered roots by comparing the shoot bud on different root orders in the two-age forests. Based on the analyses on the
trade-off of Populus euphratica root. Our result suggested that the fine roots (d<2 mm) would significantly affect the clone

root architecture of Populus euphratica, and played an important role in the trade-off of Populus euphratica root function.

Key Words: Populus euphratica ; root length density; root surface area density; root distribution; root architecture

R JEAE BRI 32 i A AF B K AL A RS FR 0 R LA A i— RSN WAL S p g T s 2 -
WHRAS BRI E Y, T TREXEERBEAMX RS T 52 XA YR 5 760 0 5 HE i T —
FERIE R ML, McCulley™ B 78 T 52 X R MR 2248 P03l 5 7K 40 O T2 BE , SHIR 28 R IR FHEH . 22860 15
BFFE T S X IO 22 2 25 10T MR 2R 20 A1 %ot 7K 0 B Wi 7 Fsf 4 B . 522 2 25 AR R IR FEE A 250 em LU, BAIR M fe 2
XIAE 0—30 em +J2 . 8 FLIT FERFSE 152 X 10 96 SE AR R & B . /K + S R4 B KSR R Al )iz
FEAARBE R ARSI s K AR PR Z 5, T EAR R A ik . SRR B8 B ST A A A A S TR) ) R AR LA 3
h—IRAFEE AU R, TR XM R e R B R P WA e S ZFh DR AU

4% ( Populus euphratica ) 3 [T SAFEE 0 X ME— BEASTE AR PRI TR AP S A7 o0 BT 13 it K i
VA N AN TN 1 17787 NN 78 1= 0 Y i TN o I RV R k2 BN RN = e R 2L N2 7
R T BEAR GO AR BE SR RS A AR T ) G A A B T AR AR S FRBE S Cottonwood ' A TR
KEGARIPES | David" 2 BF5% cottonwood ( Populus deltoides) B & 3 , iZ W i) B0 B 8T 59 IX S8 7K S8
WHEXREY . Rood™" BT cottonwood AR AL I %2 TR . AR 2R 4013 A T 5% 52 3 7K SC 30 28 1 3 Rl 3 3 2 1)
FER ZE AR IS T AR S K A K MR FR 0 4 A B SO SO I 9 3 A A A I AR BE & AR 5K 4 K
Y], WA BT (B 5T R I AR BE RO R | R DA RO A G, HIX 8 2 B AT K MR 43
AL, AR BEHCE FNAE K IR, B U SO A AR R AN [ T R an el AU AR BE G e & 2B 1Y), SR RAFAFAFAE
BRI OC RGOSR, ZERFSE T R B AR BE RIS 2 2F R R A AE 7 F 13 10—50 em X EB/MR R
1 i SR R R EE IS 5, 35T A SCHR AR5 A% BT AR 2R U] 40 A AR R A R AT A B |
HREE= A FIHR 2R M 705G 2R B AT ARE RO R 2 LASB /R S AR 2R 7005 IO STe V5 DX BR B (0 Rk 1 R ALY, TRD BT,
XU ] RIS A A A AR 5 AR50 T E A TS S S S
1 WFRMER AR A
1.1 RS HIAEAL

AF 5 b 7 S TAT T 30 PN 5% oy 5 5 A X, TR (%) R SR S, BRI /0, 28 s B IR 25 AR K AR H %
M 42 mm, AE P34 75 K 50 3755 mm, SRR Y 89 52 . AEMLIRAE BT SHB AR X, B AR AR R . 6 2
41°58" , Z 2 101°03",F-34954K 930 m, K34 2006—2011 4EA5H 3 B[ EFEHL (100 mx100 m) S MREE | 2
HUHAS 50 mx50 m FEib P82 AR b ) A
1.2 BRIk
1.2.1 BTG AR BER I

2011 4 5 HARAEP AR 4 B4 5 RS ST, 2%, 78 IE ISR b 43 0 R B S BRARBE R, LA
BEANHT DA TR G A2 E— AR 2 m, SN 1 m TR EEN 60 em [T, 4R o 18 B 269 04 7 1) i
b BESE AN A, HE, PEAT I BE AR RS A T — 2 B A, SR b sE il T — 2B M, B R
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TARFRM— P A G 3T, 5%, 7R3 Eoxr B2 B2 ROAC 5 28 X0 0 20 B AR ic R BE , W BE ni o1 5 WS
BERE—AN 2, M A5 ( Canoscan LiDE 700F , Canon , janpan) F1§# % A9 &%, Fl H WinRHIZO 2009
ST A (Regent struments Inc. , Quebec, Canada)
1.2.2 A[EEIZARIRAR F A RF 23 (8] 20400 E

I — BRSO A IR SR A B S AREERF 5T, 7R & i ORI bR A st v IR BE I R 2 2%
O, VRO e AR R AER ITPE R FEH (10 m WEHEN) e NIR R, BRI S 18X,
TEAZHU R 5 GRS AR FR A AL 25 (A1 B [RIEHABR  TE S AR R 1A 28 140 — SR &, — 4
R, 7 RIe fy o AR A 58 BAR Rty 0] S50 25 35 8 , 85 AT Epson Twain Pro M R 39 1 (SO0 AR R 7E 4T 44
i AR A8 R SHEA

RIS L WA AR R A3 R RO AT AR E . ARG DAEE S AR BE R AT 5T 1111 SR BB RIAR R (FE A
SRAR IR TR BE S5 A1 53 10—50 em, AT DL AR W BEZF, JF HARBE 27 e 2] IR R BERUAR &R ) o 7E Pl
PRIE A1 o e 5 MAREE R, LI 2 IRt #25K 58 0 100 emx60 ecm A 90 em AY3T,10 em —)ZH
HAR R HEAZ TR O AR FR A S5 e v A - O AR PR AR v, 77 [T 52 36 2 W Bk, # A Epson Twain Pro MR ZR 474
ASORHR R AT 4, A WinRHIZO 2009 #8 43 M7 844 ( Regent struments Inc. , Quebec, Canada) 73 #7742 B
i o WORAEEE LA BRI (em) ARCFREAS (mm) MR (em®) ARG (em’) MRS AR A,
SRR TR AR, R EARIER 2 6 U 1—4 G 0 mm AR, B 0.5 mm 4y —2, —HF| 2
mm, 55 5 MEH K 2—5 mm, 55 6 NMEHHN 5—20 mm, 55T MEPCN KT 20 mm, XK T 1em AR REE B IEF]
PRS- RO B RGN £
1.2.3  ARKE R MR AR B I

WK E (RLD) ,RLD=L/V (L Z2MRRKE, V Il HIEEE)

MR UL (SAD) ,SAD=S/V(S BMRRZRMIA, V & HENIER) .
1.2.4 8RR

IR E KA AT R U, A A I % A ( HH2 Moisture Meter &Wet Sensor WET-2, (4 +
3)% ,Delta-T Devices Ltd. , & ) Ml 5 &K &, 3 T8, 8 I & 07 208 AR — 2 200 4 DA
AR TEIUA

FIF Shapiro-Wilk Fl Levene %o % B4 1) TE A M F 7 22 50 VA TR 30, 0 SRASCHE AN 16 2 b 45 7 B X
PEAT—E R B AR e e, 7 220 Hr 4 4 AR R IE 25 (RLD, SAD) |, I X 4R 2 44 84 2 $ ik 47 3 B 4% 40 #r, %
sigmaplot10. 0 #F17 EI R 2l
2 HBR55H
2.1.1 SRR EAR SR

WL (1) IR M2 44 em, ART T84 ZHEEN ( Tamarix ramosissima ) , ¥ 5. ( Sophara
alopecuroides) , % 7% 7. ( Achnaterum splendens) , 3 &3¢ ( Salsola collina) , 3% B¢ H ( Alhagi sparsifolia) , 22 S Ac
( Lycium ruthenicum Murr) | T§/N9E ( Taraxacum mongolicum) , TIRA N &M 0.548% , SHGFEHL(2) B
AR 78 em, AR FEAT . LR ( Tamarix ramosissima) , 75 5. F ( Sophara alopecuroides ) , % B¢
(Salsola collina) , FIFAPLETA 0.380% , PAFPARIL () 22T PR Sy . B e, Ao, AR 3 A A7 bR s A ik 42
2R P S A (4 AR K FRAE A AR AR 7 ST A R X0 2y P bR Rl
2.1.2 WK R B A 0 A AR

A (RLD ) s By R B AR K SRAEAR RAER — T Z MR K 20 MRS XR R ok
BT TR R R R BN (R 1) FEPIRARN B d<2 mm IIRKZBEAE 0—10 em + 2 MR
KRR, N 0.3874 em/em’, 183 5 T HARK)Z (P<0.05) ;7894 2—5 mm PRKHEFE 0—10 cm 12/
KRR, 7 0.0294 em/em’, i 215 T HARAZ (P<0.05) ;4829 5—20 mm PR 2 EEAE 20—30 em +
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JEMARK S B e K, 2 00053 em/em®, 1 2 18 TR )2 (P<0.05) 5429 d >20 mm AR %5 B 7F 50—60
em K, M 0.0061 em/cem’, i 2 T HAS 2 (P<0.05)

TERAMRN , B d<2mm BIRRK BB 7E 0—10em -2 MRK B R A, 7 0. 1407 em/em®, & T
AR E(P<0.05) ;725 2—5mm MR KB 1E 50—60 em +J2 R KB E R K, 7 0.0158 cm/em®, B 3F
TFHAKZ(P<0.05) ;4824 5—20 mm AR E 7 50—60 cm + 2 AR % i K, 4 0. 0158 em/cm’
BEEFHAKE(P<0.05) ;49 d >20mm 7E 50—60 cm )2 AR B AN 0. 0060 cm/cm’ i %15 T
HARAJZ(P<0.05)

R1 TRKKARREENMERORKEENHTEIN

Table 1 Analysis of variance of root length density influenced by forest age, soil depth, root diameter

Ak Middle age forest BRI Mature age forest
W A E RLD/ (em/em® ) HAKEE RLD /(em/em’)
Depth/cm 2% diameter/mm 2% diameter/mm
<2mm 2—5mm 5—20mm >20mm <2mm 2—5mm 5—20mm >20mm
0—10 0.3874b 0. 0294 0.0017b 0d 0. 1407¢ 0. 0040¢ 0.0025a of
10—20 0.3123¢ 0.0221d 0.0045¢ 0d 0.1278d 0.0059d 0.0050¢ of
20—30 0.2810d 0.0175a 0.0053d 0d 0.1758¢ 0.0084a 0.0026a of
30—40 0.0620e 0.0041e 0.0100e 0.0036a 0.0242a 0.0010e 0.0152d 0.0034a
40—50 0.0674f 0.0174a 0.0143a 0.0043b 0.0228a 0.0120f 0.0141b 0.0055b
50—60 0.0722a 0.0133f 0.0147a 0.0061d 0.0125b 0.0093b 0.0158e 0.0060c¢
60—70 0.0758a 0.0109g 0.0107f 0.0049¢ 0.0137b 0.0092b 0.0138b 0.0050d
70—80 0.0823g 0.0099b 0.0082g 0.0045¢ 0.0223a 0.0092b 0.0113f 0.0033e
80—90 0.0569h 0.0094b 0.0128h 0.0038ab 0.0177f 0.0084a 0.0125g 0.0025a

K487 1D, [/l — B AR FhE R 8.3 22 5+ (P<0.05)

2.1.3 MR A B I A RRAE

HRF AR L (SAD) 27 HHEABU AR SRR . AR 2R 3 B 2 R 5 7K 43 MR A 5 53 4 W A 1) o 2
Bz —. WIRER R (2 2) , TEP MR d<2 mm W ETEE B, 7E 0—10 ecm 0. 0791 cm?®/
em’, i R FHA R (P<0.05) ;429 2—5 mm BRI, £ 0—10 cm 24 0. 0262 cm®/cm’, W& KT
HAJZ(P<0.05) ;#89% 5—20 mm FHE 2 180 AL B, 76 60—70 cm A7 0. 0484 cm’/em’ | 2 3 KT HAJZ (P<
0.05) ;%% d>20 mm B KB ELE 50—60cm H 0. 0500 em?/em’, i3 K THAZ(P<0.05) ,

R2 TRKBRARREENMERHMRRAREENAESH

Table 2 Different depths of different forest age diameter of the root surface area density analysis of variance

R Ak Middle age forest MK Mature age forest

TRIE/ cm MR B HE SAD/ (em?/em?) MR L SAD/ (em®/em?)

Depth 124 Diameter/ mm 29 diameter/mm

<2mm 2—5mm 5—20mm >20mm <2mm 2—5mm 5—20mm >20mm

0—10 0.0791a 0.0262d 0.0017b Oc 0.0201b 0.0034c 0.0050a of
10—20 0.0614b 0.0204a 0.0075¢ Oc 0.0201b 0.0051d 0.0134d of
20—30 0.0455¢ 0.0167e 0.0110d Oc 0.0318¢ 0.0067b 0.0034a of
30—40 0.0084d 0.0125b 0.0435e 0.0334a 0.0318¢ 0.0101a 0.0401e 0.0284b
40—50 0.0100e 0.0187f 0.0343a 0.0389b 0.0033a 0.0117e 0.0333b 0.0451a
50—60 0.0092f 0.0133b 0.0334a 0.0500¢ 0.0026a 0.0100a 0.0342b 0.0550¢
60—70 0.0150g 0.0210a 0.0484f 0.0450d 0.0025a 0.0101a 0.0226¢ 0.0451a
70—80 0.0042¢ 0.009%4c 0.0159¢ 0.0400b 0.0050d 0.0092a 0.0225¢ 0.0267b
80—9%0 0.005%9h 0.0086¢ 0.0217h 0.0334a 0.0026a 0.0067b 0.0267f 0.0184d

K36 770 LSD, [’ —3AR R “F bR & 22 5 (P<0.05)

TE B R d<2 mm [FHF T AL T, 78 20—40 cm 4 0. 0318 em’/em’, B3 KT H )2 (P<
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0.05) ;72%% 2—5 mm BIAR KR, 7E 40—50 cm N 0.0117 em®/em’, B KT H4 2 (P<0.05) ; 72%%
5—20 mm AR R EZRE  7E 30—40 cm 24 0.0401 cm®/cm’, B KT HAAJZ (P<0.05) ;42%% d>20 mm {1
MR 7E 50—60 cm 4 0.0550 em?/em®, .35 K THAA 2 (P<0.05) ,

E(1) (2) s, PIFPARIE IR R BT RPN T 2 mm (KA AR ) BORAC B5 FE Bt TR i 38, AR 2%
L PRI A B s AR T R b S B AR ] B . 0—70 e HR i BRI A S8 BARR 25 1B 4331 o B AR e 1Y
90% ,92. 8% , I HAIEHRIN A2 1 REAR K 2 AR 2 20 8 35 K T MR 19 ( P<0. 05 ) 3 MR 2 11 B2 B TR AR 1Y
U, YR 2—5 mm H IR PROAR K 2880 B  TR R A3, AR 288 AR 5 o R RORR 3 i R T S L R A
PRI . PR IR AR 2 3 2 I A R 88 T B, P B o A1 A 2 T AR % 1t 2 IR RE I R . 7 30—40
em 12 BRI K BB B R TR AR (P<0.05) , hAKIS I HT 30 em T ZAR K 358 B 25 K T bk
M (P<0.05), fE 0—30 cm,40—50 cm,60—70 cm + )2, AL A AR 36 i LU B 38 KT AR 0 (P<
0.05) ., XFAHAH2—5 mm >20 mm AP FIARIRHR 22 B, L35 52 0L o S04 s BRI B A

d <2mm 2mm < d < 5mm
80—90 A4 8090 oy,
70—80 A, 220 ik 7080 Ay,
o T gtk a

60—70 b 60—70 b

060 Pty 060 b bt

— a .

40—s0 L2, 40—50 TR

00 1A e

20—30 ey 20—30 H 3 H b

10—20 2 H b 10—20 3 H b

— a _— ] a

c 0—10 ! 5 b 0—10 H b
\Q 1 1 1 1 J 1 1 1 1 1 1 1
=
2 0 0.1 02 0.3 04 0.5 0 0.005 0.010 0.015 0.020 0.025 0.030 0.035
a
,1:32( Smm < d <20mm 4> 20mm
¥ 80—90 4,2 80—90 L

70—80 e 2 70—80 HA

60—70 75 2 60—70 AT

50—60 — 50—60 H 2

a

40—50 maa 40—50 ¢ Ha

s0—4o e 040 b

20 2030 |

020 e o0 |

0—10 ﬁa 0—10 -

1 1 1 J 1 1 1 J
0 0.005 0.010 0.015 0.020 0 0.002 0.004 0.006 0.008
K25 E Root length density/(cm/cm?)
E1 WK ARRESERNRIKEE

Fig.1 Two kinds of forest age at each diameter level root length density contrast in different depth

ARSI A B _EAS R PR3 7R Je 3R 22 57 .3 (P<0. 05)

2.2.1 WAHHEISE Wb

MR A B EAR Y AR AR ML A5 R BUIE 3, O T HRFEA RIS AR B AR R A RIS, IR LR R A
T F2 03 R, R S WA BEARIAR 2R A 2 SR . XM AR R A R R 13 S0 AR, AR e i A, ARAARR,
SR PRI G RO AR RAR A, I ARSI, S 200 SEA I, — SRS, — SR, — AR &R, — 2
WA EE) #EAT T E W 08T A AP MR AE B 0 A 25 SR AN 3R (3) AR TR AR B MR E 4R, 7 32 70 A
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Fig.2 Two kinds of forest age at each diameter level root surface area density contrast in different depth

AN [EARIE 2R TE B AN R B o S 3R 25 57 8.3 (P<0.05)

FAEE 4 DSHOE TR RA B 0o R LR AR A 43 5 0 3. 869 (1. 594 (1.411,1.019, ¥ K F 1 i

BB AR YEEL, V-3 B B 4 A S0 7 22 DTEREE A 0l R 42.91% 17.71% (15.68% ,11.32% ,
ST Z Tk BN 87.70%  BUASMAEBEEAE AT 25 AN 3R (4) AR AR R, F 50 E 3 S0
A3 HTHS 2 AR 3 0 R T HAR B 2 9K 3,620 1. 743 ,1. 082, IR T 15 HUARFR M AR KO8, -3 40 K £
JE 177 22 DTk R 9 R 45.25% 21.78% ,13.57% , 2t )7 22 vk A 80.60% .

R3 HRHRFQESHERS S

Table 3 Principal component analysis on the Middle age forest root architecture parameters

F sy FROE(E 75 2% BT/ % BHTTIRE/ %
Principle component Eigenvalue Variance Cumulative variance
R Root surface area/cm? 3.869 42.991 42.991

HL53 %X Root forks 1.594 17.707 60. 698
I 4E%L Root fractal dimension 1.411 15.682 76.380
34535 f B Average branch angle 1.019 11.321 87.701

AT R AEARFIR LK L IR AR AR R RIS EOE ) .35, X AS R AR adb A 05 08T A i
Rk (4) AEPRBAAESTE 1—2 mm XA RH AR R @ AREIEE N 4. 794 (1. 021, KT 1; sadk R 53
H79.15% , 17.01% , , BFLTTHRE R 96. 16% , FERMAMRAESE 1—2 mm X P18 G A0 AR e (AR FURR I B 43 51)
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H3.902,1. 162, ¥R 5 1; 5TERA 30 65.08% ,19.37% , RFATTHRA N 84.44% , i, 1—2 mm 2 E))
YRR R AR, AT TR0 B 1—2 mm 2 NI GOIR R A R S 3 S EARAE
2 mm DL AR R 4AR P DR A5 S A7 AR X AR R A RS R0 T B AR

R4 BARRERESHEIRS S0

Table 4 Principal component analysis on the Mature age forest root architecture parameters

ENI'%)x FHIEE J5 2 TTHRFE/ % ST/ %
Principle component Eigenvalue Variance Cumulative variance
HRAAT Root volume/cm? 3.620 45.253 45.253
MR H4L Root forks 1.743 21.784 67.037
X5l Average branch angle 1.085 13.567 80. 604

£5 BWERTREADRMRERNGERS S

Table 5 principal component analysis of different root diameter () level under the root surface area and root volume

& AR Middle age forest JEEAM Mature age forest
F RS HEZ A Root surface area/cm? AR Root volume/cm?
Principle component FROEE TETRE/ % FTTRE % FRIEfE J7 28 SRR/ % RPTTHRR %
Eigenvalue Variance of% Cumulative% Eigenvalue Variance of% Cumulative%
Im<d<1.5mm 4.794 79. 149 79.149 3.902 65.076 65.076
1. Smm<d<2mm 1.021 17.010 96. 159 1.162 19.365 84.442

2.2.2  PRRREE S ST AR B BRI AR BE A4 5

R Pregizer SRR (¥ 4320350 LA N7 tH U BEZF A MUAR 2 SCR— AR, K WY 8 m] DL 1y BAT — 2 7
AR SE SO Z R, B s 4k 6, PTRIARIES ) — 2R b BTEEZE 19 BO0 L 22 5 A 3% (P<0.05) , —
PR EHIBEZF (RO FE 22 52 AN 35 (P<0..05) o RIS A9 — ZAR i B 25 1) S B0 — R i B 28 A B0
3. 24 A%, BUEIRIN — GARH BE R A BOUR — PR BE 2R 3. 36 %, PRRARIE 19— SR B, oo A A
TEF— 20 A B E (P<0.05) , FFHR AR TR, SRR 7= A A 2, AN 2 AR K AR BE 22 7
AN ATRESE AR AR T I A — R, R3S A B 2 BEAR AR AR — b s [l 40 R RE T ISR AE , 5
RIS TC R

®6 AREMRAGIRE, BERFWESHNTESN

Table 6 Analysis of variance on root sucker, cloning root architecture parameters in different popular forest

— AR EBTHEZE R TR TR — AR %L

YA <= i

Number shoot Number shoot First class Bﬁb;fir;]

bud of first order bud of second order Later root ranch Angle

FRig AR Middle age forest 13.6+1.3a 4.2+0.7a 11.0+1.4a 47.16+3.7a
SR Mature age forest 14.8+3.7a 4.4+0.8a 12.2+1.2a 50.6+4.2a

[R]— 3R R 78 B 3 22 5+ (P<0.05)

2.2.3 ETREWEIREER LKA

HRBE B A 1] R [ AR R R — AN AR P A KK B NIEL(3) ATLAE H,20 em TREE, HbRi i) 19 il
RS 1) A AR AR 1.6 485530 em TR BE, BN A PR AR A 1) 26 3 02 IR 19 4 1% 7E 40
em TREE , BCAVPR A PRI D\ 1] A HUR SR IR A= 55 1 17 455550 em TRBE, CAMROE 8 ARG 4 4% 560 cm
TREE | AR P RPARIE A 1] A A B AR AR 7 A . AR ) 2R KHR AT LG, 10 em IR BE | BUAMRE H il Ak
2 4% .30 em 40 em TREE KR T ARAEBE Y 2 45,50 om TR BRI IR ARG 4 1% 60 em TR B
BRI AEST 6 5.
2.3 HIERYK S FTHL R0 23 [R] 3 A FLAE

T 7 R EIR, PR MA S ,80—90 em )2 EKERK, WE KT HRKZ (P<0.05) ; B 5
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Fig.3 Two Kkinds of forest age root sucker growth rate contrast
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£7 FRESHETERELHEKEN L HBSEFHELR

Table 7 Average value of the soil depth, soil moisture and soil electrical conductivity in different habitats

- FHEEIKE Soil water content/ % 152 5% Soil conductivity/ (ms/d)
LI E
Sl depthem ki AR ki AR
Middle age forest Mature age forest Middle age forest Mature age forest

0—10 19.92a 6.75¢ 549.41a 775.35a
10—20 24.75ab 13.65b 415.00a 515.68b
20—30 26. 10abe 21.16a 494.55a 501.15b
30—40 28.57bc 23.30a 503.23a 478.33b
40—50 31.00be 23.53a 1601.35b 470.00b
50—60 27.18abc 24.45a 1524.18b 454.00b
60—70 24.28ab 25.20a 1632.85b 443.43b
70—80 30.93be 26.08a 630. 00ac 392.43b
80—90 33.48¢ 26.30a 1792.10b 342.00¢

SEHI{E Mean 27.36 21.16 1015.85 482.04

IR 5N LSD, [A—F N Rl Rk R i 35 25 7 (P<0.05)

3 iR EHit
3.1 W BIEMR R o AR

ST R A A AR 2 285 HE 1 Tl B R O B TR BE 2 B B ke 4 ) AR 9T S RN PRI AR (d <2
mm ) G375 H S B0 A A5 R R I, AR 2 R 2 T PP B SRR IR A B TR, i A AEIE Y
BE AT AR RN A B, T 30 om JCARMR A 70 A s A7 - BFFEATGT A MR R A i, AR O AR I
LB R B R B A XSS RIAS TS B3 — B, IR ITER I, 3R )2 TS K BE A i 225 R &R
R A AR KR T HRAK BRI AR F W . 7E 40 em DA 1A 38R B Ab | 93 A0 AR A AR 28 T2 R 52 e o
T T, D DR AT AR MY 5K AR BE TS A S T 52 B I e (g 7)) FE R S T R RO RRE AR T IR AR
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RUE 1 22 57 BT i B, 7 T 2 T, AR 4 8 I P P 348 oot i 30 i AR S 06 235 SR B0 A5 B AR S R 25 2, i m]
AE 1 T AR AR 221 7 LU BRI AR 22 06 280, i MOR 3258 T 975 B R 28 ] SR IR 5 AHXE I 7, AR
AR EA BN R AR R 28 [0 A0 Ry, T B AR K 2 WK AR R I A K AR H

XFFARR 2 mm<d<S mm MR ARR BT H, s SR  RRIR K % 7E 30—40 em 4b, LI 135
PR 3 KT ARG, HAr 25 E RS i AR ) LB 6 b 8 35 K T MR Y (P<0. 05 ) o X4 3 T AL Xt
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B R BERTHIBAA(P<0.05) . X TA2Y d>20 mm 1P RIARIE BRR K% BE AR 26 1 FR 28 BE X LE , bk
R BEE 40—50 em +J24b, 3 KT HRiR ARG X R P45 ( P<0. 05) |, IABRAR 25 1 B 7E 40—60 em +
JEAE W ZE KT AR (P<0.05) o FH A3 . AR rh A AR (5 mm<d <20 mm) ADHAR (20 mm<d) 7E 3
ERRERZE DR L X SRR RAR L AR R R G 560 AR A 7R R 2 R
kT 32 7K R DA TR AL IR MAC 114 75 S0 S RN K A, RELRR A 182 U2 43 A WU 381) Sl 2 T P AE A VR, 248 B XY |
TR BERBRIEY A A EZ/EH . IR R KRR Z AN E WK EFRTR AR, AW
JEA FAR A BT BREHR | 55 430 BB 7 A 45 P AR AR 2R 2 AN R D RE TR 22, B AN (AR R 76 T [ 35 35
KAy ISR B SR, A AR R T RE S T SR A A B B
3.2 HAMEAAR R AR BYREAE
3.2.1  PARPARIR SRR AR BE 5 EAE AR R AR OC R

BAE T BT S TEAR G NGk 3 FiAEBE P I AR BE AR | & AN [ A B S AR BE T A K AF AR —
B H A VRS R FIARBR A AR BE A K AR AR, & PRAR BE (0 K A S AR IR A e M R 3 R T R
AN BEALE 5 PREE R S B ARG . ASBFGE B, W FP RIS ZEA AR 2R = A AN 28, R AN H 22 S
S, PRRARER (1) — S AMARE, For A A B RS Lt 22 AN 3 AR R A B X AR BESE R, 2 M I AN
B3 ARRR R A E 28 I B s R, BRI () R T B BE 2R EOR — R B EE 2R 50
3—4 7%, MRS TEE , i JE: F AR Y F AR 1, AT RE S AR R MR RS R A O
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FET R B 1000 & B, PRI A AEAS R R AR A AR BE 1 7™ 2E R IUR - B B AW Rt D 1 B
BUEE PRI A B AN [RI R BE (AR BE 1 A KRR —HE U 20 em TRBEAL , i MRHR B2 1 A < o 2
KTl R A B2 1), 76 AR B AL R A2 BRI MR T i kA 355 1 e rp J PR — 7 T PT 82 PR AR W~ i v
P BB A Rl ) B8 T Ak 5 — 5 i, IR T BEAE T e BEAE P 0 B IR S B A B R AR T Fa AR
b7, BIRRE AR 22 069 A - 43 i) WO 8 B VR A 28 B R A7 AP 5 A e R AR 2R 0k Sk B TR AR Xof
AR LA B = 19 A AR ZR i 26 5 TR LA AR BE T A, DATHBR XA B 9 U5 S B 1 iy > IR R 451
3.2.3 MBI R

FRR AR AR AR AR HIE AR, P30 B B 5 DS BUR 5 TR R £ s B+, hi
MAEBE AR TR AR BB MR T AR, 30 R A BE 4 A SBUR 5 I il R AR 32 50 P12 i AR
AR BAREE R A ARARTR MR PR R RIS A AR 22 238 AR 2 T B S R R FH 8 3R Rk
SR R RAR R 23 (M) A3 A A SR, T AR B 2 A TR AR K MR 2R A RO B RN A3 AR e AR SR A
FEAR K AR R TR, ISR R R Re 115 . B SAMS , 25 [ 45 AR X A | AR 2R 28 ) At
FX 4B AR R T RN B2 A B S 800 2 T 7 AR R R M BUIR AR R AR, #ikmny 4
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