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Abstract: A comprehensive determination and deep analysis on the variation mode of fiber and vessel morphological pa-
rameters along tree ( Populus X canadensis cv. “1- 214”) height, including length and width, fiber wall thickness , tissue
ratio, fiber wall ratio, basic density , width of growth rings , and on the relationship among them were conducted. The pr-
esent results indicated an initially rapid and then gentle increase of fiber length and width, fiber wall thickness , vessel
length and tangential diameter and vessel ratio from pith to outward, while vessel numbers , tissue ratio of fibers and rays ,
fiber wall ratios gradually decreased and then tended to stable . The variation of all the anatomical parameters but cell wall
ratio showed no significance along tree height. The radial variation mode of basic density was characterized with initially
slight decrease followed immediately by a rapid and then much more gentle increase from pith to outward. The delimitation
age between juvenile and mature wood was 10 ~ 12 years . Compared with mature wood, juvenile wood owned lower basic
density , shorter and narrower fibers and vessels , thinner cell wall , higher fiber and ray ratio, more vessels , lower vessel
ratio and narrower width of growth rings, and there was significant difference in basic density, fiber and vessel length and
tangential diameter, tissue ratio of vessels and rays between juvenile and mature wood. Growth rate imposed no significant
impact on anatomical properties , but showed significant negative correlation with the basic density of wood, which was in

turn closely related to anatomical parameters. There existed highly significant correlation between the age of growth rings
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and basic density as well as all the anatomical parameters , so the predictive models could be established .
Key words: Variation within tree , Populus x canadensis cv. “1- 214” , Wood anatomical properties, Basic density,

Correlation model

1- 214 % ( Populus X canadensis cv. “1- 214”) JE IR A T E T 20 A 60 FEARTT 45 N ECK
A F D JENEG R, T s A BT AR AR SR AT W R R 0 BRI B R A
b ARAb PHAEMAHE AR SRR X R 3 T O N TARER B §P AR . SR i b 8 56 Jm kAT T D 3 B 1K
TR 5 JEE M ST M 25 AT 0] B A A R RS T 9 OB R A5 1994 AES AR 4 5t 7 T FR I 9 420 i
X FLAR SRR ) & AR AR % T2 I VR R B S 2D W, L AKSTRS 1- 214 AT HERN 35 73 1K
i LT YERE L A2 B R B AR KA T B AR AN ) R b R AR e A R AR e
AT TR RIS , FTERAIA R L A AKE 56 S AR A8 A 50 I 3 R PR (R AH O OC R AT T 204, A
1M T R PR AR S JFIE Rl 0 HCHEAT T, DA st 2O B N ) P SR SRR Rl R4t

1 MRAUSE

IRIGARAL T AL T T X AL M7 T 5K TIX 7 /N 40°1 ~ 40°16 N, 116°40° ~116°46 E, K
26.5 m. 1977 FH 1 a AELNTEFIAE FRATED 4 mx 6 m. 3N PERRBEFOME ARYD | ey X A 158 i 2 2
WA RAF R R R 22 ) pH{E 7.3 ~8.0.

5HET1- 214 T 1999 Ak T ElIGHR RSyl 23.7 ~24.3 m, BAEJE ] 29.2 ~22.5 cm. K
AR s B ST 4 AR EE(1.3 m, 3.3 m, 5.3 m, 7.3 m) () 20 AL . A% AL U7 1A
TSI cm FEAHOARS 2 M 1 RRAEINEE AR T2 IE bR GBL927 ~ 1943 - 91 ;53 1 AR
fifeRr 250 vk ) ANBE O A% B 5 ) B AR DIEORKE R A D e BT S IE (250 1994) .

KH Excel A5 1IBMAEF A LT (BRZAE S 1089) BEAT s A BB A (1) T

2 GPRAHE

2.1 IR PERR P A2 1 AR AR ORI AR S

2.1.1  FHIEEMNRNAERRBXRALS AR EERAYER 58 R FEMNR 1 AR 2 R i)
L 1 ~3 PR . SRS M2 AS R B (AR A IASE AR — 0 AR 25 10 MK A TRGE LT,
B o1 pum 5] 1 447 pm AR5 IHZE G 12 FRAFEAT T 1% RNFAELKEINSRBW (B . 5
Pashin 25(1980) <[ B £ 4 K B 4% ) 28 Ak 26 (0838 — 530, 4T 4w S RE S0 il 28 55 47 4 K )
FHAT . FEBE O PIT AF Y dpe 4 BERR T 2 ~ 8 a HYGEHGJE I 10 o J5 P22 2 3)  FUREF4EREJE 1) h 2k
BEBNEK . AU A R RE JEE (1 V- XL B s 58 PO, s 14 5 s 3 e 34 2 4 i JE W R AR Ak R
ZEINT(EE 2) WA [R] i JBE M) (RO £ 4K T B e 5 2 S 3 R I

2.1.2 FESTIRESMRNERBAXFAL T AFEEESE S TRKE 2458 KB 7 =Rk A
B YA 1 AR AR S iR a4 ~ 6 Fios . 38 0 T i R AE AN R] i 5 16 AR 1h e 34
FER—F, NBEORH 10 NMEKBIGE BT H 590 pm B9 784 pum , I ER 12 8 R AEHT @11
o RS EN TR 4) . PELR LS AR WARLAE K 5) (B 290 shiE
JERK . FEAN ML S LIRS H0 A R B KRR I KT T (B 6) . AEREO BT
76 mm > RH 8 MERKR TN 61 mm ? ARJEEEA G N 10 B 20 FEEEACRR . SEAEW)
12 AR S 5 0L XU Shorea dipterocarpaceae) W FL A R —30( Bosman et al . 1994) . S/ TKE
BB = FE T A KRS 2 a3 SE SR ERAE . @05 23R 2) R & R TR
P E D PR G258 A BE AT

2.1.3 LR S MEER R AR e AR S AN AU B P RE AN R 1 AR AR
MW 7 ~9 Fion . R4 it i A AS R i 5 1R AR A AR AR — 350 3R A i 2% . i
IDMEANE 10 FEMEAT R % ASALIETE N 68.7 % ~ 60.5 % ,10 $6 5 20 4 INERFEAT- 22 . B4k LR 42 1) 48
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WY S TR H I 8) . A LU hE 2R 5 iy 3 AH B A K AR AR R I I 3K . 7ERE O
BT SR RS 21.7 %, FI5 10 3100 27.1 %. 10 B85 20 B k6722 EEHWsh(E 9) . fEAR
MIE G RE 274k 5 2 b B B > S8 Lh s i N, S B A A K 2> S EHLER i S RE
BRI S . AN A4 SRR FE LR E R AR 2) .

JHBE R 2 BB ) ANIB T R B BRI N 41.6 % 8 10 585 % 37.7 % . R LTF,E 18
PRI R BRCPE 10y . Pk il 2 AR A0 R 985 B 2 LU RO AL . IR 5 v R ) 48 o A 8 v
B 3R 2 T 2 TR W AN IR vy ) R 2R 11 2 0k S 25 KT

F 1 1- 214 WARM A iy B B AC S B 5 1) 45 005 0T 2 52 45 3
Tab.1 Averages of wood basic density and anatomical parameters of I- 214 Poplar at different heights

i H 1.3 m 3.3m 5.3 m 7.3 m

fem E: g E: g, E: g E: g,
LA FE Basic density/(geem™ ) 0.307 0.016 0.319 0.018 0.312 0.019 0.308 0.017
A KA 95 FE Growth ring width/ mm 8 3.19 8 4.11 8 4.24 8 3.58
YUK Fiber length/ um 1 256 212 1 369 196 1 345 220 1398 209
21455 E Fiber width/ pm 28.29 2.242 27.0 2.426 26.6 2.08 28 1.898
1Y BEJE Fiber wall thickness/pm 6.30 0.508 6.47 0. 381 6.46 0.371 6.71 0.484

S > FKIE Vessel element length/pm 717 106 723 106 730 91 775 88
S 5445 Vessel diameter ( T)/pum 68. 42 5.851 69.27 5.467 67.15 5.186 66.70 5.527
TN Vessel number/ mm” 2 61 8.763 62 8.630 65 4.762 69.8 4.994
YL Area percentage of fiber/ % 62.73 1.647 61.99 1.23 62.93 1.55 62.28 3.584
T L& Area percentage of vessel/ % 26. 47 2.858 27.44 3.522 26. 44 3.531 26. 51 3.918
AGFEk L Area percentage of ray/ % 10.80 1.355 10.57 1.637 10.63 1.391 11.21 1.087
MuBEZH Cell wall percentage/ % 45.60 1.996 44.73 2.849 46.58 2.24 49.06 2.664

K2 1- 214 WA LA SRR 2 5OAN 7] e BE 0] 7 22 90 1T ©
Tab. 2 Variance analysis wood basic density and anatomical parameters of I- 214 Poplar at different heights

T H BEAE A YL L4 (R 9T FESTRKIE

Item Basic density Growth ring width Fiber length Fiber width Fiber wall thickness Vessel element length
JiZE F o 1.141 (NS) 0.013 (NS) 0.192 ( NS) 1.191 (NS) 1.306 ( NS) 0.637 ( NS)
JitH T LR TN 2 o L S LR AR LR L Jfo Bt A

Item Vessel diameter( T)  Vessel number Area percentage of fiber Area percentage of vessel Area percentage of fiber  Cell wall percentage
FZ% F 0.387 (NS) 2.526 (NS) 0.361 ( NS) 0.018 ( NS) 1.306 ( NS) 4.924""

ONS : Z AW No significant difference , ** 755 7% Significant difference .

2.2 AT 5 A KCHE O R N AT ) AR e AU AR

2.2.1 FEARBERNARFE RS WE 11 nTCUE AR I AN [R] 5 (4% 1) 72 R i 2
TR0, BRI A T IIME N 0.297 geom™® 28 4 FERETABEAE N 0. 284 geom™* Bl 5 FE A
M 10 564 0.318 geem ™ . &5 12 ~ 20 B AEABF BEAEAE 0.317 ~0.342 geem” *JEFPE) . 51k
A IS5 (2001 ) SRERS ( Grna mo mum camphora) PR FCEE FEAHIT |55 Pashin 55 (1980) ¢ T %5 F A A% ) A2 4L,
R IR — 3. AR P v S ) B A B s R (AE] 7.3 m R .3 m AP TR
2) RWIAR AR W = R A B .

2.2.2 AFEEEAEKEEEARN D BT S AR50 B R AR ESA KRN R A K
W AR RN AR BB 12) 5 R SO AR FE A K. B8O T 0.7 cm 315 4
Fl6 eI T 1.4 ~1.8 cm. RGN 8 ~12 BB FFEN 0.5 em , M 12 ~ 20 FoAR KA 58 BEIE AR e
TE0.5 em Zedy . 12 RIAB I B AE AR BHAE T 12 2 SFAEKRETE 0.5 ~ 1.8 cm 2Z[H) ,20 a FUAFESAEK
0.8 cm. KA A RAEA R G E FIEWIRAAL T7 2 0 (3K 2) RWIANE i B TR L e AN B
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2.3.1

AT E PR MEE L AN N 5T 802 AR08 /N IN 2R R AR B 4l 41, 81— 5

S 328 T Y 1) I I A B A (AR 2001) . SIS HA I TR AR AR RS K R R M AR L X
YIRS T AR 1R P o027 P 1 60 g 3 A7 A M T K P8 R R A 2 88 4 1) AR A A 1) 2 A
MBI 5 ,1994) 10 ~12 a. MBI & S E0R A2 K58 58 2 1A% ) A8 Ak i R B R AT 5 ik
S5 (B 1 ~12) SR 1 S M Populus nigra x P . simonii) SRR TR S AHIE (5K ST AE 1994) .
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2.3.2 WM MM ZE R 3R 3 SRAD PN SRR AN R i JRE R HE A 5 il ) 8- IS B0 5
IR . R AT AT 4l e A L R R E A A, EL AT & LR A O ET AN 48 0y I 0 5 A

ARSI RN EAN S AR R REA  J7 2 0HT(R 4) RYIEA A L 4l A

5 B R REACE L LT 0 K skt NS L R I B2 . ABFY

KPR =11 S22 Paulounia elongata) PIARIE (KR 1994 XM 1994) FEA—ZL .

K3 1- 214 WP SRS 7S ] v 88 e A 2 88 5 AR ) 4% T S T 34 T e 45 R
Tab. 3 Averages of basic dersity and anatomical parameters of juvenile and
mature wood of Italy I- 214 Poplar at different heights

i H 1.3m 3.3 m 5.3 m 7.3 m
Item x 5, x 6, x 8, x 8,
I 0.297 0.023 0.311 0.024 0.305 0.024 0.301 0.014
HEAHEIL Basic density/ (geom™”) M 0.311 0.028 0.334 0.028 0.331 0.018 0.326 0.017
) 7 10.08 4.33 9.88 4.58 9.52 5.21 9.36 4.15
HERAL T Growth ring width/ mm M 5.9 2.29 5.00 1.49 5.26 2.13 8. 00 3.58
ST Fives Tongi J 1228 230.0 1 269 225.4 1211 206. 8 1293 210.3
M 1492 69.71 1 494 79.26 1 505 114.2 1 540 127.2
ST Fiver it/ 7 27.58 3.387 26.17 3.513 27.4 3.223 28.17 3.754
M 29.00 2.471 28.05 1.501 27.14 1.988 27.81 3.529
SR Fir vall thicknesy ] 5.99 0.616 6.22 0.479 6.43 0.791 6.47 0.657
M 6.60 0.420 6.79 0.402 6.56 0.254 7.15 0.356
] 653 35.48 663 107.15 676 85.07 737 105.6
FHI TR Vessel element length/um M 781 35.48 798 29.39 796 50.95 837 52.89
S I 64.50 7.062 66. 48 6.365 64.31 5.801 64.26 6.252
PR essel diameter (T)/um M 7227 4.723 7276 4.790  71.99  3.196  70.84 4.206
J 65 13.22 65 13.071 66 9.205 70 7.162
FEAH Vessel number/ mm-? M 57 9.675 58 6.697 63 8. 280 69 7.738
. I 63.76 2.499 62.27 2.308 63.73 3.280 63.30 3.889
#FUELLEE Area percentage of fiber % M 6.7l 3.277  61.52  2.872  61.90  3.486  60.64 4.058
n T 24.54 3.393 26.34 5.951 25.22 3.790 24.90 4.602
FHE Area percentage of vessel/ % M 28.38  3.457  29.20  2.535 28.36 2.946  29.13 4.191
o 7 11.70 1.641 11.39 1.968 11.05 1.859 11.80 1.555
ABLLILE Area porcentage of ray/ % M 9.9 1.348 9.55 1.162 9.74 1.241 10.23 0.948
‘ T 46.61 3.435 45.62 4.135 46.64 4.173 49. 46 4.515
MUEEH Cell wall percentagel % M 4459  3.625  43.62  2.541 46.58  4.046  48.86 3.870
T4 1- 214 WA RS BORE LE AN 7] 750 B FE A 25 B 5 ) S5 TS M O 22 0 i ©
Tab.4 Variance analysis wood basic dersity and anatomical parameters between juvenile and
mature wood of I- 214 Poplar at different heights
Ui H Item 1.3m 3.3 m 5.3m 7.3 m
SEAH JE Basic density 8.834"" 8.991 " 10.776 " 19.123"
ARKEE S Growth ring width 18.037"" 20.891 " 11.225"" 14.096""
L YEK S Fiber length 30.262°" 17.927°" 28.370 " 18.784""
1456 Fiber width 2.884" 4.993" 0.429™ 0.083™
2T YEBEJE Fiber wall thickness 15.883 " 18.821°" 0.509™ 14.518""
T THRIE Vessel element length 27.488 " 29.745"" 30.309"" 10.768""
FE 5442 Vessel diameter ( T) 20.321 " 13.364" 26.981 " 14.999 "
FHEAEL Vessel number 4.524" 4.657" 0.749™ 0.389™
2T YELL H Area Percentage of fiber 6.172° 0.904™ 3.189™ 4.573"
S L Area percentage of vessel 15.819°" 6.757" 9.799"" 8.652"" 7
KL Area percentage of ray 17.687"" 13.668 " 7.148"" 13.728""
JfLBEZE Cell wall percentage 4.074" 3.589™ 0.003™ 0.201™

@+ * £ 0.01 KT 57 83 The significance at the level of 0.01 ; * £E 0.05 7K°F %73 .3 The significance at the level of 0.05 ; NS 2 5 AN i 3

No significance .
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2.4 R A RKE IR 5 L AR SRR ) 2 500 R) AH 2K 20 B
2.4.1 AR S EACE FEA T S ER A S MR B R — AR H bR K S PR
TR S AR 1R 06 &R SO 2 R 4% DR ¢ R — 32 B G VR (5 75,2001 ; Zobel et al . ,1989) .
Zobel FEMLRE AT N HIBESTA R G it Y A FUAL R A% KPR G D0 ARM 3 5 AR O B 5 AR % 34
FUAA R R A% B AR K JEAH AN 3 AP K S AR KR I R R b & Mgl R,
GAHRMARA BEZ WG . NI 5 ATLUG A AR B A 8 15 A A i B (3 DR 5% 3R )
5 Zobel Z5(1989) HIHIEAIF] . £F 4K 55 A A B A ¢ HAH KA B35 |5 Zobel MG R . e
iR 282 B S R S UG  ET RIS 2 B S B 30 5 99 B AH OGO S 2 b ik 1 25 KT
YIRS R PR DOACH W2 5 . A R I E RN S8 B KRB S RIe Tt — 0T .
2.4.2 ERACIERE 5 IR BN S BUR A O AR Bz gt At FRBEANAE S 3 77 1110 5%
(B TEE 2000 ) LA ARKR A B 1A% 1) AR S 52 A KRR A8 (BT O AR08 | TRTRR A 08 ) SE WA By (2 2%
M 5 0] DL H AR 3 B A2 T S 85008 5 AR KA AR IR W A G, BRET AT LA S AN S AR K
AW E A . SR Cunninghania lanceolata) TSN AR T RIE — 8 (ZEMEE 1997) .
Kb 1- 214 WA RS B8 R4 REA R P8 R R 2 R A DG o T ©
Tab.5 Linear correlation of the width and age of growth ring with wood basic dersity
and anatomical parameters of I- 214 Poplar

TH KR SRR HRA
Item With growth With age of growth ring With basic density
FEA B E Basic density - 0.8501"" 0.9129"" —
UK Fiber length - 0.517 2 0.881 0" 0.796 3"
214 %5 FE Fiber width - 0.099 8 0.6252" 0.477 9
£1- Y REJEE Fiber wall thickness -0.6048" 0.829 5" 0.8525""
ST KEE Vessel ele ment length -0.5329 0.837 4™ 0.785 7"
S 5445 Vessel diameter ( T) - 0.464 7 0.888 8" 0.766 2°"
FEANH Vessel number - 0.0170 - 0.6543* -0.1886
214k LU B Area percentage of fiber 0.578 6 - 0.7581"" - 0.876 9"
FE R Area percentage of vessel -0.730 8" 0.850 5" - 0.948 7"
AL L Area percentage of ray 0.746 1" - 0.897 2" 0.945 6"
MIEEZR Cell wall percentage 0.586 4 - 0.743 47" - 0.848 9"
K HE i ¥ Growth ring width - -0.681 1" -0.8501""

@O** f£0.01 /K G AH S The significant correlation at the level of 0.01 ; * 0.05 ZK-F 53 M 5% The significant correlation at the level of 0.05 .
2.4.3 FEAEE SN SHUNAR T FAE LS AW ) AV U UNEAR G AR B — A
SERFRAR SO0 RS B AR 5 e M 55 4 2 100 S AT T B R EL 5 3R A 2 2 38 A S T ) it it
U 1985) . K5 RWIIEARR LY LPYERE)E 28 7 KE CSE R FRG 2 i 5 B35 E
R B gEtLa P R R S KR T R 5 W SO OC Ul WA b A S 4R Ok R
DI AW A2 1) 2 PR 13 T AR AN 3B AT AR A0 B AL 2 AR o — S T SRR )
EANIIA R 5 2R AR N T ST

2.5 R SN S8R R R ST TR

ARHA VTR S A P 3 SR RIS A A AR R TP AR P A AR A PP A PR AS 388 4% 5 R 80CR 2 B
ANTR] b g TR A P ARAR I VT 5 AR I AR 1 J5 P 5 iy #8 5L FE S SC . 1 A I 7 T A 48R,
T RSB RS E HBAA5 2D (4R 45 1994 TR HIAE 2001) .

AHIFFOS FTE 5 IR 1 - 214 BB N TR PR REAT T 05 S0 A7 55 B R T AN IRl 2
(R o AR TR 2 28 S AN [R) AR P B2 7 PR LU A JE A A 1 . BRI 4R 2 R 2 B0 =
B M 58 BE R LA ZLLE) W B FEAR L) k2 (B KR S S E NN B [o]
T RE( K 6) LA REIYAE 0.82 (0. 01 ZK°F) BLE FRUEIRZELE 0. 42 % ~ 7. 28 % , i) LU U Hu PPAN A
TN 1 - 214 BBERIIE . AN R S7 I 25 A (0 ) it 2R B RE AR TEAEREAT S50 | LS R BT LU BAIRAE .
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K6 1- 214 WA HASE B 515 2805 0 A R B
Tab. 6 Relatiorship modelling equations of wood basic dersity and anatomical parameters of I- 214 Poplar

P b b i

Item Relationship modelling equation coofficiont
JLA JE Basic density y=0.284 5¢"010! 0.8253
KA TERE Growth ring width y=0.000 4% - 0.023x* +0.519 3% - 5.357 8 x* +23.636x- 22.17 0.964 1
LT 4 KL Fiber length ¥ =274.47Inx +780. 99 0.965 0
£T4fE %5 B2 Fiber width y=1.571 8Inx +24.212 0.905 7
LT YEREJE Fiber wall thickness y=0.462 1lnx +5.481 3 0.882 4
FE T KEE Vessel element length y=100.02Inx +520.12 0.905 7
FHE LR Vessel diameter( T) ¥ =6.152 5lnx +55.029 0.905 7
T Vessel number y=-2E-05x +0.000 72 +0.011 7x* - 0.595 4% +7.529 8% - 0.63 x +126.19 0.989 6
SFYE L Area percentage of fiber  y= - 1.124 1Inx+65.018 0.905 7
FELE Ara percentage of vessel y=2.927 6lnx +20.257 0.905 7
AH LR Ara percentage of ray y=-1.733 llnx +14.435 0.930 5
JfLBE 2 Cell wall percentage y=-0.005x"- 0.011 2 +0.035 827 - 1.567 4x+44. 401 0.978 5

3 4k

YA 3 BT AR T SRAR NG B AR ) AR S e 0 1) AR IR I T e TP 22 i
SEAE LY S  A LR R AR A% ) AR S R RO ) S IE TR OR, THE TARE L AN TR vEr T T R i
SR WBER RO ZE A R

ARAA B AR L A 1) AR AN /O A AR AR AR SE s Y 1T i PR 48 AR JE e 122 A I HE e
OO X R e PRI IR R E T ARUE . W AR A AR AT 12 2 FEAERKEAE 0.5 ~1.8 cm
Z 1) AR A 0.8 em . A RKEE TR RAEA R SR L2 RA R

1- 214 MR EHEIN 10 ~ 12 a , ZIEAS LU RGRAME IO FEAE LA LT 4E AN S8 00 T3 78 BETE
PR AR FEAN T SR KRR | T 0 MR WA R 4 A 5
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