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(1. demtpfoll KA I @R B 5P E W E A%, dbat 1000835 2. BRI MM XARARFI Fufi , K 404000)

T ORI R T8 AR AT AR =5 M (wriploid Populus tomentosa) BIAR A RFIEHEAT T HIFSE s R 45X TDR &
Gexo} -3 2 K RASU B S HEAT TSI, I8 SRR R K, LIRS, H 88 K3 R 3R 40 A5 FIR R K 43
ZIR AR IE R, BTSSRI B (I A BT R 2 B A W AU [ A [ BB AR 3 3630 (P > 0. 05) (Rl + 2
A ZE AR K (P <0.01) , HiHr 0—20 F1 60—150 cm +JZ A R B 4040 X ek, HAR R BT 5 LI 3E 58 86% ; AN [RIAZ By ) A AR 1 2%
JEEFBE(P<0.01), HIL MBI R S BEas AL E A SR T & A AR, ANRIRAEIT AL T M0 -0 B AR 2R A 24
P TP, HAEAR 1) 240—280 cm PNE 0—0.5 mm FRAAR B 22 FPEMI(P <0.05) . Bk, S8 si =0T BRI RN
B2 TE FIR R0 1 B E R R -, AR 7 7 & % HOU S I F=A: 520 . B A AR 2R KRR 2R 32 A0AR 3 A 52 i), 5 25
R - 3351 T K 53 RS A AR AL T AR AL . 2436 2K A St it | AR R ok B E ihfE R + )2 5% 2K A 3ok
IR TR AR R IR K SRR 23 BB 5 2 1 3 K 43 S50 5 B m i AR R IROK B4 AR AR R B 5K A AR
PERIHE s ) D35 22 L SR T K 43 43 A0 5] HORAEAE K 53 e B AR R R K 4341 5 AR 3 7 B o — B

KB ARR A A AR RBOK ; A5 EE A8 e 1T

Property of root distribution of triploid Populus tomentosa and its relation to root

water uptake under the wide-and-narrow row spacing scheme
XI Benye', WANG Ye', JIA Liming"*, SI Jing', XIANG Dikui’

1 Ministry of Educatio Key Laboratory of Silviculture and Conservation , Beijing Forestry University, Beijing 100083, China
2 Tree Seed Station of Wanzhou District of Chongqing City, Chongqing 404000, China

Abstract ; Property of root distribution and its relation to spatial and temporal patterns of root water uptake were the basis to
establish efficient water management strategies for fast-growing and high-yield triploid Populus tomentosa pulp plantation,
which should be fully understood. In this study, the spatial distribution pattern of roots of poplar trees growing under the
wide-and-narrow row spacing scheme was studied with profiling method in a Sa triploid P. tomentosa pulp plantation, located
in Gaotang county, Shandong province. 1620 soil cores of 2000 e¢m’ volume were taken out around 8 trees. The water
contents of soil profiles were observed consecutively for four months with a time domain reflectometry (TDR). The rates of
water uptake by roots were calculated based on field measurements. The relationship among soil water contents, distribution
of roots, and patterns of water uptake by roots were analyzed to see how root water uptake responded to fine root ( < 2 mm)
distribution and changes in soil water availability. The resulis showed that the average root length densities (RLD) of poplar
trees at both sides of planting belts and at different radial distances were close (P > 0.05). However, RLD varied
significantly among different soil horizons ( P <0.01). Roots were mainly distributed in soil layers at depths of 0 —20 cm
and 60 — 150 em. Roots in those two layers accounted for 29% and 57% of the total length density of roots respectively.

The RLDs of trees in different root diameter classes were significantly different (P <0.01) and the ratio of roots varied with

EEW B : W ZMO A 3 HEAT RT3 28 2 8 ORI H (201004004 ) 5 677 34 32 77 bk [ B T R UFFE 5 7R3 1 (2008 BAD95 BO7-01 )
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spatial locations. However, in the root system of tiploid P. tomentosa, about 44% of the roots corresponded to a diameter of
0.2 —0.5 mm, followed by 35% of roots of 0 —0.2 mm diameter, a 15% of roots 0.5 —1 mm and only a 6% of roots
greater than 1 mm. Among different orientations, the distribution of roots was shallower at east side than that of west side.
The roots of 0 —0.5mm within 240 —280 cm radial distances at the east side were also more abundant compared with the
west side. Therefore, under the wide-and-narrow row spacing planting scheme, the soil depth and root diameter class are
two main factors affecting the distribution of roots of poplar trees while planting orientation can influence their morphology
and architecture. The water uptake by roots is primarily affected by the spatial distribution of fine roots but will change
along with the availability of water in soil profile. When the availability of water increases in top soil, the water uptake by
roots mainly happens in top soil. The contribution of roots in deep soil layers will increase when the availability of water in
top soil becomes low. If the water condition of a soil profile is highly heterogeneous, the water uptake by roots mainly
occurred in zones with high fine roots length densities and availability of water. On the other hand, water uptake is in good

agreement with the distribution of fine roots when water spreads evenly in soil profiles and the water stress is not imminent.

Key Words: root; spatial distribution; root water uptake; triploid Populus tomentosa; wide and narrow row spacing

HRFRIEMAMIK 73 F 573 0 B RSB 8 BT IR 3% BE FIAR 2R WK 1 I 28 A R AE X ARACAR R I 7K
RIIBREBIIREE PR SPAC RGE/K e # FIRE B AL S HIL I AT 5% MRk 7K o387 BLSRE et 1) ek ) R 5 7K
Mol Kz GBS, TR, I AN IE T AR 22 4041 AR J K 5 & A A 2 400, Hrp R 2 2 51X
BRI AR 5 Al RBRA TR RARAE ) MRS | DA B A F Bl oMoy 10 SR A X 9 A8 A 7 X gk
ARE G T TR T AR R 20 A KRR S 52 R 7~ PR AR S s B . H AT A ARG
WAL BR F BT IZAE 2 R AR A i AR SR 1A R 1T e = 4 22 5 R R MR K N B
2, H A% A7 AE R IR B0 AR R A 52 i IR 1 25 S8R 21 &5 W) 8, =A% K E A (tiploid Populus
tomentosa ) ¥ TN Jb 7 AR AR AR B ) = ZERIFR ZEILZR T RS b VLIRS AR N 24 SR B8 %
AR PR, WS X R A A R T FU A YR 2 25 B 20 A RRAE S O SR R RK G & A B IR A
PRI AR R L, 1B AR ROK S TR OC R | M E T 2 6 1 A AU AR S RO0K
B PRARNE  SCIAR DK s B o e S 3

A SCHIWEIE H AR - (1) B ARACRRAE o7 BEAR AR 1] R | T B TR T FIAR R AR B X B A AR 28 431 1Y 5%
i) , 5735 S8 B A TR T B AR R AMRHE; (2) ST E AR ZRWOK & i 5 E S KR R AR
23 [A] 73T Z IR DG 2, il e B BEAY 6 1A 3 A AR = 80K 8 BRI 4 (BB AR s
1 #R57EE
1.1 5 AL S50 4

IR A T IR 2 i LR (36°58 /N, 116°14'E ) |, 12 b X i 3410 | A fig oA IR Il 7 2 T 52 23 XU X 3,
KEFHESE SRR B F T, ZHE K E 544.7 mm, K EBERTE 78 H 78 %K & 1880
mm , AR 13,2 °C, Wm e il 41. 2 °C, Bm {0 - 20. 8 C, 24F H BUAAT402651.9 h, iX50Hh +
et AR R 1,

ARSCWFFER G 5 4R A =ARR TS i AR AR AR 042 (8.8 £1.4) em, “FXIRH (12.0 £1.2)
m, ARATEE 0.9, RE L ETH AL 3.9 hm®, T 2005 FFFFE =K A ICTE R B301((P. tomentosa x P.
bolleana) x P. tomentosa) , AR 1 AR, SEHIFE 2 em, 5 2.5 m, 7 AL IR,
FCHARA 1. 2m TR T, SEARHTLASE B HE S FERETE T/ ORER , M 36 R AR R . MRACR IR S8 2 171k
FAEA A, b AT 7 1), R IR AR 1 m x 2 m (BRI 1 m, ZF47HE 2 m) 4705 6 m (B85 HE 6 m),
2005—2006 4, 5 TEAT A AT A I R ARE PIAERR AL, —FE/1NE2 ;2007—2009 4F, 1050 UG )/, AR A i i
FAAEY) .
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Table 1 Physical properties of soil at the experiment site

. . L o A TN B KR
TR A figA biiA o e ) .
' . Bulk density Saturated water content
Soil depth/cm Sand/ % Silt/ % Clay/ % Texture 3 3, 3
/(g/cm’) /(em’/cm’)
0—30 16.04 83.53 0.43 it 1.627 0.383
30—70 4.48 94.82 0.70 ¥t 1.633 0.396
70—90 10. 14 89.61 0.25 it 1.521 0.419
90—120 6.38 93.48 0.15 ¥t 1.465 0.454
>120 43.94 56.06 0.01 FyigE 1.499 0.437

a JE[EACHRH] USDA

1.2 ARG

IR T 2009 4 10 H 47, B TR ARt B ARk 98 A TR AE AR X MROR BRI /N TA75E PRt AR A
SRR AEE AT RME 7 ] _EAR R 23950500 . SRS TR g b 3R — A AR R 30 m x30 m HYARIfE
M (BLE 4 AT ) PRI BRI B A AR ) AP ) R AR (BPSL TR AR AP ) HA R A Y P
BIFRUEARLS 1 Bk, BB REAR 1) FPY ) AR AR I B 45 4 bk SR DU S B bR AR R O AKHE , 72 IE XA+ H 2
ET AT A5 ] b2 B A S ) TR A T R R BBORE Mty PR 1) b B 50 T X5 AR T 4b 42 28 S A 7 v e PR T 300
em , EUARBURE B RRE S RGE LR 1, B NIRRT 20 em () x 10 em( 58) x 10em (1) . HUEERT i Tl
KA (1.5 m Z247) BT LA A 4 RREERIAIBRE 21T 150 em, HE 4 BRIHCRE S 120 em, 31311620 4
FRRE . ARAREIRE] S SE7E K i, FHAK kst 2 0. 8mm BT (01 AR 5 0 43 1488 2 B4 15, R FAE 1 /K
FIH ARG BUTT A R (LS BRA I, 12 AL B 7 7 18 B A AR A G Tl /D) o BRI AR R A 3
4% I g5 AR, A [l S50 S A VKA N RAT 3 SR 5 5 B AS AR AT i 7E 38 B SR 4 I, FH B 1 R0 ik i) g
SEAEIF S A Epson Twain Pro # Z H 4 {3 R U 2R K114 ; 7+ H WinRhizo R R EI5 53171 7 4t ( Regent
Instruments Inc. , Quebec, Canda) FREUA[FRIAEFR 2R ( RGEHR R4 rde B ffli o 0—0.2.,0.2—0.5 0. 5—
1. 1—2, >2 mm) KB F BRSSO T HRERAME A # G TR R R bR RO A
JRUI e L AR R B ) 5 K ACA 5 0 25 T 1 25 A2 B AR 2R K 32 o A BB - A (A B A5 1) 5 T o5 7 5 A2 AR R AR
KR, AN, A5 R SR AR 25hrfE ™ B B < 2 mm AOAR R IE M 4IAR B KAR
1.3 HRRMWIK SR I

2009 FTE IR G0y P AR RE P AR I R AP I AR AR (AL AR AR ) | 23 07 & A B 54T M astT
WATRE 1 m B KIS (i o B UL 1), 885 R 20 TDR &% ( TRIME-IPH , IMKO , Germany ) il % {4
TS KR MEBRBE N 90 em, B 10 em — )2, 328 2. N7 A IFIR BT IR, 5K 7.00 Z£4W5E ,10 AR
S Ryt G R R AN 2 R N R S ) 30N XS4 SR A A 5 (L DR SEBRERAE IR 3/ DX A 0 3 T
M) P17 10 85 AT A

AHFFEHEH 4 4~ (08-08—08-16,09-13—09-19,09-23—10-07 ,10-11—10-23 , L F fai #RAHE 1—4) Y
B IR B A AHE TR 2R WK 1% 725 8] 43 A1 425 Bt 399 0 B8 30 TR 25 i ) P 4R R MK sk 32 R = (1) T8

S (0,(x =) = 0. (2,2))

T(x,z) = = T (1)

K, T(w, 2) A FEETHA 4 830 I 45 200 F AR R (em™ em 7> d ™) o g BE B RHAT A9 A% 1] B 25
(em) ,z A HIEUREE (em) i RFERFHATTSE § K7 SRR REL(d) ,0 I EIEEIKFE (em’/em®) |
1.4 BHasabr

K SPSS 13. 0 B AR B EHEFT One-way ANOVA 4307, He = R0 K 73580 - b 5 67 (2 7K, B
R PE AN FMHE 200 | H3EVREE (8 AN/KF) BERHAR M E ES (8 ASKF) MRAREH (5 AKF) . FRIFEREA
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Fig.1 Layout of root sampling design and the distribution of access tubes

IR [] 22 5 i 25 MR LSD K56 (2 K P o< 0.05) o ZeHTHiT, B 48 Shapiro-Wilk Fl Levene #5644
T AE S A3 AT M 28 551 55 07 26 o3 M YR 2507 . SR sufer 8.0 Fll Excel 2010 B {17 IR 2 .
2 HBREHW
2.1 RERN
2.1.1 FRAME I AR RS MR AR AR ZR A ) R

222 R MR PEPTINE FA 0 AR B BE AR ARGAEN T 0. 23 em/em’ DA b IR R EE S FIAE,
AT B o AR % A, TG 0 S e AR AN [R]G 3 AR 2 R T O LR 3 AR 10 % DA b L DURE A B S

R2 BEFMN IERE FREE ENEWTEAGRRKEETEDN
Table 2 Analysis of variance of P. fomentosa root length density (RLD) as influenced by planting orientation, soil depth, radial distance from

the tree trunk, and root diameter

LT MR tbm LT A ttm
Main factor RLD . F P Proportion Main factor RLD/ . F P Proportion
/(em/em’) /% (em/em’) /%
FAHT7 5 Planting orientation 0.054 0.825 WA 180. 861 0. 000
A A East side of forest belt 0.232 0—0.2 0.085b* 35
0.2—0.5 0.105 a 44
0.5—1 0.037 ¢ 15
PRHB PG West side of forest belt 0.238 1—2 0.010 d
>2 0.004 d
M Radial distance/cm 1.248 0.293 TR 15.735 0.000
0—40 0.242 13 0—20 0.521 a 29
40—80 0.261 14 20—40 0.126 ¢
80—120 0.249 13 40—60 0.129 ¢
120—160 0.191 10 60—80 0.208 be 12
160—200 0.227 12 80—100  0.273 b 15
200—240 0.215 11 100—120  0.200 be 11
240—280 0.238 13 120—140  0.141 ¢ 8
280—300 0.266 14 140—150  0.201 be 11

# [ — E T BE R MR TR R 2 53 A 235 (P <0.05) K5 57k LSD
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(0—120 cm) FH3E PIARAF 28 AAL (240—300 em) BIAR Z ELBIRS SO0, SR, % HE AR TR AR B Al 2R 09 AR 4 2% B )
AL R BRI 5 i 22 5, Holb 42 0—0.2.,0.2—0. 5.0. 5—1 mm 2 & AR K& K, 40510
0.085.0. 105 10.037 cm/cm’, 2 /5 BAKAY 35% 44% 1 15% 3 > 1 mm £542 G M 2 (AR K35 B8 1) G W 3% 2
S R A SRR 6% o LA MRS B R B A 2 S R AN ) R HER B ), L 29 299% AR
ZIBAELE 0—20 em YK T2, 1 60—80 .80—100 . 100—120 ,140—150 cm 4% + /2 MK %5 B BT (5 Ho 491 247 88
T 10%
2.1.2 AR VR AR PR RS AR RO ER T AR R A 25

3 WOR, AR H AR R TEMAT PO AR TR B IR B R AR R R, Z M TC R E 2 S, A 22 kW]
AT 0.2—0.5 mm MAEREL T 0—0.2 mm (P < 0.05) , XM 2% FAEMA RME A B, Sk
YERFAAE AL T, B A AR B AR F T 7 LA 0 43 A AL ,0—0.2,0.2—0.5.0. 5—1 ,1—2, >2 mm
M Z T o5 Fe 53 5908 33% —37% 42% —45% 15% —16% 4% F12%

R3 TAKEFUTEENRERKEEFESN
Table 3 Analysis of variance of RLD for each root diameter classes as influenced by planting orientation

K% RLD/ (em/em’)

WAL

Root diameter/mm Mt AR A Mt P F P
East side of forest belt West side of forest belt
0—0.2 0.087 (37%)*" 0.083 (33%) 0.158 0.705
0.2—0.5 0.099 (42%) 0.110 (45%) 1.135 0.328
0.5—1 0.035 (15%) 0.038 (16% ) 1.502 0.266
1—2 0.010 (4%) 0.010 (4%) 0.405 0.548
>2 0.004 (2%) 0.004 (2%) 0.083 0.783
a R LI 5 L A1)

K 2 B, e AR 2, 2R A (>0 mm) FISEMR AR K EEAEREL, TREES(HT
HEBERD KX 120—150 em T J2MH3HT) o HMAEARMTE 0 —40 em 12501 AR FR 1Y Lo 4 2 i TP ]
FLHCA 3500 R 47 % F1 42%  XoF My PR BRI - 34 05 1R R B, AR Rl B2 b B AR 0—0.2.0.2—0.5.0.5—1
1—2 > 2 mm R RS 4 9T 34% —37% 41% —44% 13% —16% 3% —5% 1 1% —2% Z [§]
Ak,

& 3 o, Mo A AR [ PR B AL, AR 2R (>0 mm) MISRME RN KSR, TR EE R,
FURFEAR ] 240—280 cm Ab , FRHE 2= Ml A AR 2 My PO 1384 i 29 45% , 33 382 2 R A 3 B P bR 2= ) 0—
0.5 mm MR(AHHRRREMN 79% ,3K2) BEZ THATTEM, oAb, BEARAMA P42 [ 80—120 em 4L 0.5—2
mm A FF200—240 cm 4b 1—2 mm MR IEMRAF A M 0 50, H i FX MR AR RAE R R b
o7 EL BN (20 19% , 3% 2) , I LASRR 3G I oH-a il 4 A AR K 2 B ) A 38 22 5 WAty o 8k - 34 0 1
BRI, AR I BE B AL, A% 0—0.2.0.2—0.5.0.5—1 . 1—2 > 2 mm R R %R 5 615 9I7E 30% —
38% 43% —45% 13% —18% 4% —6% 1 1% —3% 2 [ 254k,

2.2 MRRBRE KSR R A 1 5 e
2.2.1 —4ERE

B, N 4a e TTLIE 4 D0 3R 0—80 em + /28 FI# 19T EIHE R WK oAb X 5 4R AR K 2
JE A AR AR — 20 s o ,0—20 em £ )2 B9AR RMIK ISR 40—60 em + 2555, H 4 ASEHE A
F KR 7514 0,055 .0. 004 em™ em ~*-d ™", 2y i SR 65% F1 6% , Lk, BARE A0 LRI,
0—20 em T )ZAAR 2K A LT IZ . 245K 0.26 em’/em® (BHY 1) B K3 0.32 em’/em’ B (B 2)
(E 4b) , BARPRAZE VR F A BRI 1222 1 AR R WK R MR/ (] 4a)  fHILET & ECA B4 I T 8% (&
de) ; HILAHR ,20—80 em £% )2 AR RIBIK FLBIEI A 30 T R [R R BE A, 7E BT 3 o AR 0—20 em
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MW EHFE/mm
0>0 O0—02802—05m@ 05—1.0 @1—2 m >2
10O = 4 0—20em 035 = 4 60—80cm
_ 030 |- T
0.80 - a
0.25
a
0.60 0.20
a
0.40 a 0.15
0.10
0.20 -
E a 0.05
a a
0 = 0
0.18 1 0.50
b 20—40cm .
L a
o 015 0.40
: i
=012
5 0.30
a8
=
0.20
g
0.10
b3
0
30
03¢ f 100—120cm
a
a
0.20 - 025
0.20 |
0.15
0.15 ||
0.10 a a
0.10 {
0.05 0.05 a
a a
0 - -

N # ; a
BTG PR m
#2475 {i Planting orientation

2 FEBEAG TRRET, SENRARKEE
Fig.2 RLDs in the six soil depth for different root diameter classes

AR RIAR B AN IRt T s Bl 2k _EAR IR FRERR 22 R AR (P < 0.05)

TIRBIE R ARENY 2 SUTFE T 0.02 em’/em® (& 4b) (AR ZR WK LB HRGE FEAR 1 19% , 10 BAE Z 5
(I 4 (K 53 SRt 3 To ] i A2 4k, &l 4b) R BE T 10% 5 5 IAH I, BRI 1~ i 8 40—60 Fi1
60—80 cm - JZ 5 K FULA /MR T K B AR ZR WK He ANt 199 1 .2 A B R
2.2.2 THERJE

K5 7R TA2m 0—300 em FE[1] 0—90 em +EFIH F 6 FAH AR 25 BE AN W] I 25 7K R RIAR 2R
IKHCR I 4 ZS (8] 504, B 1 (&l 5b) ,20—80 em 42 i 4 S 43 DX 3 i A 38 I K ol S AR X 85 /0, E 0—
0.003 cm™em +d ™' ZIA] ;1 0—20 em )2 HIHR R AH KA XK, ¥5E T 0.003 ecm™em 7 -d ™", H LA
IKGPARBUELLF (PRI E 7K 0.29 em’® em ™) MR X (0—20 em £ )21, 420 0—120 em DX & K “ 127
X #& 0] 120—300 cm XK FETFR X" ) (AR ZRIK G 5 i, FX3A 3] T 0,009 em™em -d ™' A 45,
I EARE, I 1 P IR AR ER K B R O3 A AR A B B Y - 4E 3 A (] Sa) BB, B TR
IR R BK RS AVE R, I 2 N (8] 5e) 884 T AR U H R 0—20 em 8 2 TP igsK 43404 A T B A i
AR BEZ AT T AT EAR R OK AR Y i E AR, B R RR A AR R DR R DX P 24
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&

HWEHBE/mm
O=0 a—02802—05@8 05—1.081—2m >2

0.45 035
a 0—40cm a e 160—200cm
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