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Fine root architecture and morphology among different branch orders of six

subtropical tree species

XIONG Decheng'?* ,HUANG Jinxue'?,YANG Zhijie'”> , LU Zhengli'* ,CHEN Guangshui'** , YANG Yusheng'~
1 State Key Laboratory of Humid Subtropical Mountain Ecology, Fuzhou 350007, China

2 Institute of Geographical Sciences, Fujian Normal University, Fuzhou 350007, China

Abstract; Fine roots play an important role in the function of individual plants. Recent studies indicated large heterogeneity
in architecture, morphology, anatomy, physiology, and longevity within the fine root pool which can be systematically
described by branching order. To date, while it is remarkable how little we know about the architecture and morphology in
fine roots of subtropical evergreen broad-leaf forest. So in this study intact fine root segments of six dominant tree species
( Cinnamomum micranthum, CIM; Tsoongiodendron odorum Chun, TOC; Cinnamomum chekiangense, CIC; Castanopsis
fabri, CAY¥; Altingia gracilipes, ALG; and Castanopsis carlesii, CAC) were collected by excavation in an evergreen

broadleaved forest located at the Wanmulin Nature Reserve, Jian'ou, Fujian province. Individual roots were dissected
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according to the branching order, starting from the distal end of the root system that was numbered as the first order and
then increasing sequentially with each branch from the first order to fifth order roots. Then, fine root samples were scanned
by the Espon scanner, used Win-RHIZO system to analyze root architecture and morphology. We attempted to address the
following questions; (1) the effect of root order and tree species on fine root architecture and morphology; and (2) the
relationship between specific root length, tissue density and diameter across root order and tree species. The result showed
that; for CIM, ALG and CAC, the branching ratios (Rb) was higher between the first two root orders (over 4) than
between the other orders (about 3) ; while for TOC, CIC and CAF, Rb were higher between the third and forth orders than
between the other orders (about 3), with the highest Rb value of 8. 65 between the third and forth orders of CIC. For all
species, 70% to 90% of total root number comprised the first two orders. Root diameter, length, and tissue density
increased and specific root length (SRL) decreased with increase in order for all species. Though there was no consistent
changed with root order, root biomass was mainly concentrated in the higher root orders. The ANOVA demonstrated that
both tree species ( P<0. 05 for all cases) and tree species Xbranching level ( P<0.01 for all cases) had significant effect on
Rb. The branching level had significant effect on Rb for CIC and CAC (P<0.01) and for the other four species (P<
0.05). Tree species had significant effect on root length, diameter, biomass (P<0.01) and SRL ( P<0.05) , but had no
significant effect on tissue density (P>0.05). The tree species Xroot order interaction had significant effect on root length,
diameter, bhiomass ( P<0.01) and tissue density (P<0.05), but had no significant effect on SRL ( P<0.01). Though root
order had no consistent effect on root length, diameter, SRL and biomass, it had significant effect on tissue density for all
species (P<0.01). The variations in SRL of the first to the forth orders among species were mainly caused by tissue
density, while those of the fifth order caused by root diameter. A trade-off between root diameter and tissue density occured
in the first order. For individual species, changes in root number, diameter, length, SRL, tissue density and biomass with

root order can be represented by exponential, linear, quadratic, cubic or power functions.

Key Words: subtropical ; fine root; root order; fine root architecture; fine root morphology; biomass
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AR LA 2 S0 AR SRR AR SR L S D RB AR AR AR OE Y AR A 43 3l o3 S P e — A A 4
FIZH, 53 S OB RUITA (AR S5, T ELREFE 7% 43 S0 85 BE LA R (8 AN TR )3 8] 43 S 1 43 07, AR AR 3R
HER R A IR ERAEZ — AR R 00 SR BEAE AR IR 43 FUK A i D g LR AR 2 i) AR I 2 4 FE
AR RORIAR T R B0 — A, PR RIAR () 28 B 2 Al AR AR K 3R B f B W it Y
AR R AR S RHIE P i i IS S8 1R D BB AL I 38 SRtb A T OF H AR K T 2
VA AR PP ) — AN SCHIE S S, X B AR A AR AP IS B (H ) 3 TR s b A B 4
ARPERIN AR R GE T G T ORI G 45 R R 25 10 57 M B 2 5 i A B i R 2 80 W i 5T
FEAE RN e BN R AR SR YRR IESE R AR [R]  SAE ) B E ST R 22 L, SRR AR AR T
M S 738 L R i LB T AN [ e 4 A i R AR IR

e [ P ARG R TG TR ARAREE M S AR A 25 R G0 R 55 07 TR A 1) 1 B AR R A b e P o, G
ST AR T 2o ] AR T T X I A ] Pt RS [ B o ) AR AS [R] Py S RO AR 254 JE 2SR5 Ak LA

SR PR 27 T BIFTE IR LU o DRt AR SRR T AR A AR DR DX I 6 ORIV SR A e AR 2R

http ; //www. ecologica. cn



1890 A E = 324

R TEHERT 232000 2 B AR AR S5 A R S ARG 2S5, ER R AMRECER 7y S Ie, B iR  ZHEUR T LUAR
KA A i I SRR R 5 9 A TR XX S8 bR 1 520 | LU S 50 iy A AR 2548, TR AR
TE B2 A ) 6 728 S AR 2 25 00 SR 2R PP 0 2Rl — e Y BB AR |
1 RIG AR

TF5E T AR SRR DXL T A el 4 AL i T B s o A T SR L AR A M, b 3R A57 8 A 27°03 N,
118°09'E, fi (e WEMEHK 556 m , HIXH i 22 322 m, TR 189 hm® . XIS A1 J A 0 A I A4y 1 ) 2 XL A%, 41
PIIRIE 18.7 °C AFI MM B 1663.8 cm, 4FZE & B 1466 mm , AIXTIRIE 81% , TRWIK 3K 277 d, Hugi g
AR T AT L e e b A DX Sl T 1 - S0 A 2T S B 48 DX AR g Sy SR 198 e 7 AT B R, A8 2 () R Rk
( Lauraceae) KB Magnoliaceae) .5t Bt ( Fagaceae) FEFEEL ( Elaeocarpaceae) I ASFL ( Theaceae) 24
(Aquifoliaceae) . LI LB} ( Symplocaceae ) F14x 25 ¥i Bl ( Hamamelidaceae ) 55 N ., IX v B4 05 A 32 24 K bk
( Castanopsis carlesii) . % 7% ¥4 ( Castanopsis fabri) . #7 {L#: ( Cinnamomum chekiangense ) . 40 A% B T # ( Altingia
gracilipes) 3 ,
2 MRAE
2.1 ARG

ARSI 6 7 RARMRBERS , 0 R DUKAR WD WA, B I 0%, 4w B T SRR AR BV, WAk
FEEEPAE 2010 4 7 A%, SRARA A AP R BUKI A2 R/ NARIE 1 3 AR AR, AR9E Guo 51 158 48 + HUL7E
FEREREA 2L 1—1.5 m S FARSIZH0 T 420 emx20 emx20 em K/ B 5450 5 76 B A6 i A7 AR B
ST BCE AR IR A v LUOR AR LS S B [l S8y 2 ) AR 25 8 /K 20 i1 B AR e 1 - Y 1 38
R, B E A AR 1) ) A8 POk AL V2 RS N ADRFE TR PR, AR Pregitzer 55" 1943 90071,
AL HBEE 1 D EREAR RS G, B v AR IR E R 1 AR, P 1 AR SSIC AL 2 SR AR RS 5 2%
ARG TR 3 D SE AR R A PANR BB | T HE S 4% 20 SOKF- 3 S, 4 32 o) = e SRR Bl /A%
PONRBCEE . HARTS 1Y B A A R MR [RI R 1) 7 ik A T 0 A 31 AN TR S5 AR A BILS 43 3 e A B AR iC 1
PO I AV AR IRAT
2.2 WREESPHEARIE

FEYMAR AT HAL PRS2 5, T AAR AR OB B H8 bR AT I0 . FE 2R AL HH 1L Espon scanner X
IR PAL P AR 3 0 BEAT 940 (45 P AT 3 IR SEH) |, S 5E U 12 ] Win RHIZO (Pro 2005b ) AR
F UGS HT X 48 5 0 AR R TR S HR PR 9 43 BT, & AR S48 5 i i, A DA SR BRGE o 141
S3HTAT L3RS F3 58 UG PR A AR R A& DGO IR E T 10 s SRS T A RE R A BTN 65 °C B HEAR
48h gt AEE  DIOHRIADNF RN TH, REH PR, HEURE, IR KD Ay EEE, THEA
N AR = BB/ AR ; LU (g/em’) = TH () /B (em’) 5 HARK =K (m)/THE(g); 4
i (kg/m’)= 2 LA E T H (kg) /45 LEHARF (m’)
2.3 BlEorar

FIFH SPSS13. 0 B AR T BRLIK 32 Ty 22 43 A1 7 vk FUSUR 28 5 28 3 A 5 12543 IR Foln ) o 9 R0 43 3K F LA K
RTG53 SOKF- IS HAEFIXS 6 TR b 4 AR AH DG S5 44 FE 2S48 Bk DL S 2R ) i i 520 64T 4017 5 >R AR
KAESHT T 6 PRI Fh A — P RS B B P AR K SV B AR K S HAE V7 A8 BB S HEF 2
[EIROCER 5 SR BIHAMT 0B 6 R R A0 B, AR K FOAR G A 8L B2 K B W i 5 P R 2 ) 1Y
KFR, HIXEFRH Excel 585,
3 HIRER
3.1 6 FRIFP AR 4 S A5 H R

I XT 6 FRI TP AR AN [F) 7 90 53 S5 A0 AR 58 A3 DOKAR , A0 BT T HRRIKBE AR 43 S LR B 1
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[i) A8 e K, VA IR B 8. 65 A, T Ll KB AR i e 3 % 5 ko3 3 L9 18 (80 71T 75 B A VA e e ik )
4. 48 A4, Ay 5 RN E LU 3976 3 A5 047 (R 1) o 388 43 3 L9 D 26 AN [R) ) R 7 AR g £
I 6 R R S AR RIS I, A T PR B SR Y LA R 1 R A3 i bR K, R R
60% —80% Z[i] , HUR I 2 GAR , LR 109% —20% Z 8], J5 245547 J B, B b et AR 43 =2 H il 3 35 5 il
(P<0.05) , A0AR 5332 7K - Wi VA FOK A 43 32 LA W 8 3 52 (P <0. 01) , X HAR 4 Fhof i 3552 (P<
0.05) , WFh 573 SOKF- 2 BAERIXT 6 B R A 73 5 LA B #5200 (P<0.01) (%£2), BlIHSHr Ak
6 FhbFh & ARSI 5P R Z MB R I HOCR (£ 3) .

F1 6 MEHAREDZKES X LHIRFIHE

Table 1 The branching ratio and the mean branching ratio of each level of branching for the six tree species

il 53 %7K Level of branching

Tree species 1—2 2—3 3—4 4—5 SEHIE Average
PUKHE CIM 5.6020.61a 2.75+0. 19b 4.32+0. 46ab 2.92+0. 60b 3.900. 82
WEA TOC 1.77+0.37a 3.19+0.53b 4.11+0.54b 2.05+0. 16ab 2.78+0.68
WiLkE CIC 3.0320.37a 3.7420.43a 8.6520.70b 2.49+1. 16a 4.48+1.77
B CAF 2.17+0.17a 1.71£0.29a 3.78+0.75ab 3.50+0.24a 2.79+0. 63
AR T ALG 4.67+0.32a 3.57+0. 66a 2.2320.25ab 2.8320.35ab 3.3320.71
Kk CAC 4.88+0.21a 3.03+0.24b 2.3120. 16bc 3.05+0. 18b 3.32+0.77

NG FRERIR AT AR RS 53 SOR 23 S LB il L

F2 W FR,HSIZKERFHEFR, 5 KFHZEEANAREGNESHZN
Table 2 The effect of tree species, root order, the level of branching and the interaction between tree species with root order, the level of
branching on the fine root architecture and morphology

P

AR af 6%3;%% . A }Tﬁé Hjjfﬁft 'éﬂzﬂ%‘&f i%%
Source of variation Branching ratio  Length Diameter SRL Tissue density Biomass
T} Fef 5 0.046 <0.0001 0.001 0.014 0.062 <0.0001
Rl 7 4% 20 — <0.0001 0.005 0.358 0.045 0.001
W Ffrx 53 3K 15 <0.0001 — — — — —
UK CIM T 4 — 0.129 0.006 0. 0001 0.002 0.010
43 IR 3 0.011 — — _ _ _
WOEA TOC  F 4 — 0.011 0.021 0. 0001 0.003 0.434
53 K- 3 0.017 — — — — —
WILEE CIC TR 4 — 0.110 0.056 0. 0001 0.003 0.368
3K 3 0.001 — — — — —
B CAF ¥4 4 — 0.0001 0.018 0.039 0.008 0. 006
43 K- 3 0.044 — — — — —
BT T P 4 — 0.0001 0.202 0.0001 0.002 0.020
ALG 43 32K 3 0.019 — — — — —
KA CAC T 4 — 0.0001 0.002 0.001 0.001 0.003
5K 3 <0.0001 — — — — —

3.2 6 PR FRAIARIE S HFIE
3.2.1 6 FIFRAIAR ELAR ARG, FUAR K 22U BERRAE

W5 S BRREE 17 20 0 T v AR AR, AR RN ZH 205 B2 34 v, id FE AR R (T 1) o DK R AR LA
HAELE I 0. 50—0. 70 mm , MIEAM 0.51—0.98 mm, H{TEEM 0.50—0.94 mm, FiFF5M 0.36—0.95 mm,
HRRBT T B 0. 45—0.98 mm, KAEM 0.37—1.08 mm, Hr HA KB 5 R HAEE 1 mm(E 1) ;4040
HRKE AT A RGN AR L, Horp A WiV RE , B 705 ] F R B eR BCRAE | Z0AR BT T AR K At mT
= R PRBIGRAE , UK AR AT FH R s G AT R AE (23)  AHAR AR B9 22 L T /K A JLO. 88—46. 01 em , WG A M
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x3 HEREE,EE,BK ERK, AAZFEREYESFLEZBEREIEXR(n=15)
Table 3 Relationships of fine root number, diameter, length, specific root length, tissue density, biomass with branch order by means of
regression for the six tree species. Y is fine root number, diameter, length, specific root length, tissue density, biomass respectively and x is root

order (n=15)

fj:f species FEHR Index [F1 A% Regression model R? P

PUKHE CIM AR Kl Y=547.533 exp 08+ 0.981 <0.0001
H#&/mm Y=0.501 x*13¢ 0.525 0.005

A/ em Y=0.804 x> *? 0.945 <0.0001

MEK/( m/g) Y=41.499-21.240x+3. 964x* -0. 262 0.978 <0.0001

HEVERE/ (g/cm?) Y=0.102 exp® 0002~ 0.886 <0.0001

éE%g/( kg/m*) Y=0.034 88 0.620 <0. 0001

WOEA TOC AR Kl Y=629.131 exp -22* 0.941 <0.0001
F#2/mm Y=0.415 exp™ 13+ 0.635 0.001

A/ em Y=-13.692+23.794x-11.116 x>+1. 825x° 0.935 <0. 0001

H:ffE{e/( m/g) Y=41.265-21.290x+4. 869x* -0. 4424 0.976 <0.0001

N/ (g/cm’ ) Y=0.130 exp”#10* 0.838 <0.0001

L%E/( kg/m?) Y=0.029 87 0.348 0.021

WL CIC AR K Y=936.984 exp!-360x 0.965 <0.0001
HEA/mm Y=0.435 exp”'¥* 0.659 0.001

HEK/em Y=0.315exp! 1%~ 0.946 <0.0001

HARK/ (m/g) Y=33.406-10. 023x-0. 38047 +0. 217> 0.967 <0.0001

PR/ (g/cm®) Y=0.095 exp® ¥+ 0.925 <0. 0001

YR/ (kg/m®) Y=-0.002+0.025x 0.316 0.029

B K CAF AR A Y=260. 161 exp™®-#30x 0.890 <0.0001
HEA/mm Y=0.321 exp”?'* 0.873 <0.0001

HE/em Y= 0.378exp! %% 0.936 <0.0001

HARE/ (m/g) Y=47.087 exp 0830« 0.920 <0.0001

HYVERE/ (g/em®) Y=0.335 x40 0.725 <0.0001

YR/ (kg/m?) ¥Y=0.009 x>0 0.798 <0.0001

AR TR AR A Y=197. 188 exp -~ 0.944 <0.0001
ALG HAA/mm Y=0. 143+0.395x-0. 098 x*+0.011 «* 0.915 <0.0001
HE/em Y= 2.065x" 1 0.681 <0.0001

HARK/ (m/g) Y=13.935 x~'-%¢7 0.942 <0.0001

PR/ (g/cm®) Y=0.393 exp’ 2+ 0.776 <0.0001

YR/ (kg/m®) Y=0.025 5" 0.878 <0. 0001

KAt CAC AR A i Y=310.551 exp -9~ 0.933 <0.0001
HfZ/mm Y=-0.139+0.705x-0.229 x*>+0.027x> 0.981 <0.0001

M1/ em Y= 0.756x"% 0.877 <0.0001

AR/ (m/g) Y=59.058 exp -3~ 0.941 <0.0001

HPEREE/ (g/em®) Y=0.694-0.447x+0. 181 x*-0.011x> 0.810 <0.0001

YR/ (kg/m®) Y=0.041 5" 79 0.755 <0. 0001

1.06—55.86cm, WiVTHEM 0.85—54.05 cm, B IFH5M 0.94—45.28 cm, 4HAEHT THIM 1.55—35.44 cm, K
FEM 0. 74—14.55 em (1) s MK Bl 20 T th H. ﬁ/%éiiri DU , A0AR B T ARURT KA T FH 7 R B pR B
i WV TREFN L P2A% 0] PR B R ECRAE , UG A iT H = IR sRECRAE (2 3) o 6 FR Bl 41 AR L AR K Bl 17 2% 11
FEARTTK R 24.16—1.97 m/g, WOEAM 24.38—1.26 m/g, WiiTEEM 23.10—0. 82 m/g, B IF#% M 31. 86—
0.88 m/g, AHARFT THUM 13.12—0.89 m/g, Khk M 26.02—0.72 m/g, B IFHEREIRR R (F 1) ; Hh 408 el
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Bl 7 2 B AR AL LKA, DEAS , VA 1] ] = Uk BRBCRAE | % 17 4% AR Ao DU o] P 8 55 ek BSCRAE , 00 BT T4
AR ECRAE (£ 3) o 6 FRIFR AR ZH 2% BEDUK AR AZ LT 0. 208—1. 801 g/em’ , WG ARZEAL T 0. 208—
1.184 g/cm’ , WITLHE M 0. 220—2. 170 g/em’, B iF 5 M 0. 450—1. 687 ¢/cm’, 4HARKT T HUM 0. 537—1. 159
g/cm® SKEENIA 0. 416—1. 609 g/cm® , F i VAL AR fb I BE A, DOK R FIWG A 1 AR 2H 2% B2 KB ]
(P 1) 3 A1 20%% B B P 9 AR A TOKRR IR , W VA AR BT T B0, Kb ol R4 SR Bl A T 3R AE , B TR #% T
FHRPRECRIE (K 3)

T3 223 MR W AR JEARARES B A I & 520 (P<0. 01) W FUAR KA B 35520 ( P<0.05) Wﬁ gl

5 B2 A AN S 3 (P>0. 05) 5 BRP RT3 2019 58 BAE X AARAR K | AR A W A 2552 ( P<0. 01) , X 21

BEA B35 (P<0.05) , X FEARK SE AN .35 (P>0. 05) 5[5 R IT /K A FITT V1A 40 MR AR K 119 52 A ﬁ%
(P>0.05) , %2 7705 , AUARBATTARAUKAR A R 5200 (P<0. 01) X DG B35 (P<0.05) , JF AT
IKREFIORAE AR AR A A 525 B2 ( P<0. 01) XA 17 45 A B 2 52 M ( P<0. 05) , TR VA R 20
FABAT T ARGE A 235 (P>0. 05) , P BT 2 TS 40AR FUAR KA W35 5 (P<0.05) , X Higx 5 Fp A i i 355
M (P<0.01) , JFZA 6 B i AR 20 215 B 4G 4 i 52 (P<0.01) (3R 2) .
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1 6 Fifih 1—5 HIRFHER, FHRK, FHLLRK, FHARRE
Fig.1 Average diameter, length, specific root length, tissue density of the first five root branch orders for the six tree species

L. BOKkEE; . WOCA M. Wikl IV, B Vo 2000 T4 VIL OKEH

3.2.2 LS HAX AR AR AR S 1 F 0
R AR N2 4V S FUAR K B T A S0, 1T BE X AN [R] 9 B 558 25 A AR AR ) A9 B2 N7, T LA e 2 e i A
FEARK AR AL, AR ] AS ) PP 90 AR S AR ELAR -5 (BB BE A DG A BT R . 1—4 SR L
HRAK 5 A 43 5L 25 i W 35 A G ( P<0. 055 P<0.01 ), HAHC R B @ THARK 5 HARFE LR,
M S AR AY AR U 5 AR B B A (P <0.05 ), S EMHLERNLE ( P>0.05 ) (£4),
X F . PRI E AR AR AR A 1) A8 S5 2 Py 2 2% B 5 R T e o R AR 1) LU AR A 1% 28 S5 D0 32 B2 phy AR
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Sl R A OC A R B R ] 2—5 ZRANMR A2V B2 5 BRSO ROA R EAN B2 ( P>0.05 ) B 1 ¢
WRAYH LV 5 BARF 7 2 B TUHSE( P<0.05 ) (R 4) , RINTERRGAR P 2UR B 5 BAR 2 T —
R

x4 6 MHFE—FRERINFRAMILIRK, AATE, BERFAZEMEXSH
Table 4 The relationship between specific root length, tissue density and the square of diameter in the same root order and within root order of

the six tree species

3352 FEAR K x 2 2 B2 AR K xR 5 LU BEXH AR
Root order SRL X Tissue density SRL x Square of diameter Tissue density X Square of diameter

1 -0.8597(0.016) -0.242(0.366) -0.586 " (0.017)
2 -0.901 ** (<0.0001) -0.432(0.073) 0.090(0.721)
3 -0.834 " (<0.0001) -0.556 " (0.017) 0.149(0.555)
4 -0.662 ** (0.007) -0.446(0.080) -0.133(0.636)
5 -0.027(0.926) -0.795** (0.001) -0.495(0.072)

RS -0.676 " (<0.0001) -0.593 ** (<0.0001) 0.543 " (<0.0001)

Root order of the total

TS WET A PAE; o+ FR MR B B FIKT(P<0.05) 5 * FoRAISCHEIR B B 7K F-(P<0.01)

3.3 6 FRFP AR A= Yy AR 08 ¢

ARSIBIRE 6 FBYFIR R FF A 40 B 5E K6 2 07|
PR AR TR PR AR — S, AT 2 0
FEREATTF AT IR SUKRRZ IR 4 9 £ 2 ° |
HRADIRES T R S SO T Fe WA, Aubi TR E 2
UK 3 SR DI EETE8, MR PG TR 22508 (|
A6 R ED REIER AN | SRR A T o Vi }}? Jy%
A 4 s S JRL, PR B 3 (1 2) . 5 T PO PR EE FEMNFEPEIFEPE
AN SR AIAR S 90 K BRI (1. 764£0.328) kg/m”, U
BT T YR, 9 (1.351£0.237) ke/m’, WiTTEER /N, H
F(0.371+0. 118) kg/m’ , HEARIK R T 1##5 > B A > B2 6 MR 1—5 RIRFHEYE

{ﬁﬂdﬁ , EE'ij( TE 7% HE'i /J\ {EE/‘J 4.76 1%0 %*Xf[ﬁ‘ 1—5 Z&éﬂﬂ I;:g. 2 Average biomass of the first five root branch orders for
> [N, N . the six tree species

FRA W3 X0 82 W 9 SRS 300 LKA 7. 6% I,‘J‘IUJ(T%;]?,X‘ﬂ)“ﬁ?k;Iﬂ,ﬂﬁ?IFE;IV,R}’?%”f%;V,ZHVFWWTWL;

12.5% ,28.9% ,29.1% ,21.9% ; WA 6.0% ,17.0% , VI Kk

24.8% ,23.1% ,29. 1% ; #ii1#£6.7% ,11.9% ,22. 4% ,

24.8% ,34.2% ; B IFN% 1. 1% ,4. 2% ,26. 4% ,38% ,30. 3% ; A0AKE T T H 1. 6% ,7.3% ,27. 9% ,23. 8% ,

39.4% ; KH# 2. 1% ,8.3% ,34.3% ,31.9% ,23.4% , IR LA H3X 6 FRb Fho 40 AR S A= Py 1) sk 32 2246

HTE = R IRGUR STk A/

72530 R B B B 55 AR 8 A8 EAE FH T 2AR AR 0 A B 35 B e ( P<0. 01 ) 3l 3k 3 0T g g
YR AR W) S W (0 7 2550 BT, 2 BT RRHTOK AR B 195 KRR AR A= 1 1 A A 3552 0 ( P<0. 01 ), X 2 A i
TR AE Py i AT R R (P<0. 05) , WP AR R TAEAEAR A= W) i i s2 i I E AR 2 25 (P>0.05) (£ 2) . 1]
H53 BT 2RI BRI AR A= W i 5 P 9 [R] AT 2k RACRAE SN AR 5 R4 AT IR sRBGRIE (3R 3) .

4 itig
4.1 6 FIRFhANAR 45k B o g

FLPIAANH A KBS R SR AR ZR G P 43 S L BB 1 52 B9, Fitter 251 SRl BOAH DGR 5% (& TR A I
AR R GEH 4 3 HO B [ 2 1Y, T Fahey 25100 %6 5 [ A6 7 W i Abs il ( A0F 5% 2 B 40 52 L 9] ) A8 AR 9
FR 2. 6—5. 1, Wang %57 XF /K AR R A AR 55 % B0 5 93 2 R A 43 32 LU ARG b e 33, 7 3 A5 2
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AR, 1 2 RZ RN, 3L 10 7%, HoXT Pregitizer 55 71635 9 BRI A b 23 32 LU B THEE K 1.2 2
Z I EBI/NT 6 £, AR SRS IR FE A — B, 3t F B AL YA AR KBRS 1 BRI A& X 44 B
PR SOKEERE A, JUHIRARGAR TR/ vT 6832 BAR PR A= Y AR (s U2 ) | AH DA GE 045 T BB 2 T8
145 PRMR A 2 LA R O AR o 0 R A 43 ST S H s B I 43 32 B O 25 50T T LR
WA 43 SCKSE X 3BT 4R 3 S L A S R VE T TR AR 5 43 S K B A8 EAE R L A e B kg B
Wang 45 BIF5E 45 H 25745 R - VR Bt 2 X AR 20 32 L5 RS, ARBIFSE P 1.2 SRR IR A0 I (5
T Y H, Pregitizer %) Guo 45" (I FE 45 A LA IRV RRAE . (R0 AR F B i1 AOAR R 5 - i 4t 1t
POX HENAG NI REEA — & MR XWAIIE T ENTRENS 78 53 1 IBOK 73 F 3R 43 I HoAR i 21 04
By, I TERI T A0AR ) B4 T LUCKHAIRGARAE Sy — AN ST 1 BT A TR S . AR R R AP (Rl e 450G
FRPFIER I RS [R) P G AR AR B 1 AR AR T 2
4.2 6 AP AR S K i

ARSI R AR T R 48, e OB A A, AR B 1 25 53 B RIS [R)ASPAR2H A i) v B 55 5 1)
RAERP W ARIE S 0 S RN S A, T AR S RE AUERAAG T AR A ar O RT3 2, AR5
R Fitter %1 R EEFI T35, W AT 6 FhB R o2 & BRARAR AT A5 B Ik LU B R 2% L 6 Pl Al 6 B 1
PR EAE AR MALUE /DN, IR IR, 5 BAR HAE AR KRS8 ik, AR K e/, FH OB 95
AR BRI Pregitizer Z15 X6 O AVEFIHFI TR AT 3 FARMITLAITFST , Guo 457 X 36 E K I
YR AR AR AN EEAR I A ST, DA 45 24 S ik L R IR L L AR VR A bR 20 b i A Rl 5 AIARTE A1
WFFE , XSRS R 23 ) 5 A B R AR BLAE , EAR K AOBFSE, IEAh Huang 45780 X5 3. B A LR R ID YD
H 3 FEERTE AR B ARANAR BLAR AR, FUAR K IRt A R A 2518 . — MO0 T, AR AR 7 L HR AR AR
WH EAA/NT 0.3 mm, BES/NTF 2 mm™'  ARFFFEHA 6 FBF 1 HAR EAHE KT 0.3 mm, REHE
FERT 2 mm, X BB SAMFIE PR FRIA OC 1 R AR AR AR IR R i - A EZAE . Pregitzer
SEBIN 1 AR 2 FAR TR AR AL, 1 2 ZAR 2 5 S AR AR FIAR K B 25 MR e 25 G A 184
WK ARRFIE P AR AR TR AR AE 1.2 G2 (B R —E AR P33 AR KA DR AE I A AR
WA S 07 2 2 I ST A AR RN B AR A Bt 25 AR e A A8 A 3 0 b I A8 SIS ST X AR ALK A R I A
FIRIFSE K B, IR FEAR K AE 1. 81—117. 7T4m/ g Z )25 4L, Makita 55" X [ 6 PR <2 mm AUARBFST & BE HOAR
KASEAEF I 1. 05 m/g £ 80.39 m/ g, ASWF5E K HB 5345 HARLE X LE50 Fl Y, AT 040 B A /DN FUAR G 5 i
WFFEmE A AN, R AR BN 2 5 5 20 38 BAE I BP0 6 R FIIE 848 bR i 5 25 0 B ol LA iR & 5
P RN AE AR FHAE S AT A0 BLAR AR I ] BB ST 8 2 VR T 2O AR AR R A 0% B2 it 9 ]
REELA HAF AR . AT A7 A8 Sm Xt H AR 9 i 1 A it AT A T 2 R S XoF 45 G AR S 28 B AR BRI
AR K A0 B R A 1.2 SR b, X 3 ARF LA E A AIAR RS A 38 X4 2200 i o % Bt 2L
Jei K BRI IS A AR B AR, FEAR I 35 % A T 284k, T RHAR I B AN B2 Wang 25000 XF AR A0 2422 35 R Al
JK MM 5 AR AORFIE & B HETR B RN 245 X A, SV E AR A MR, Comas 251 X 6 il B 4 A
FELA I Ostonen 2SRRI AL 7 ZRAK 3 Fhbrt ol 4 A 5 2 W AR A9 HHR AR 36 52 S AR AR K IR DA B 48 B A3
SRR ZE W, AN P AR B R, FUAR L4V 8 5 P R 2 (R 24 S B S5y i 8 4
PR, e PRI, IR PRI — K PR R |, R BT BT LI AR A R A TAR A7 1 R AIE

H AT S AR 2 2% B A ELAR X Ao ] AR A 28 S (0 STk Anfal iy AN 48 . AR SEI I GT 6 I« (IR R 4 AR
(A £H 205 B AR o ] Fr) AR K A S T2 B iRk, 17 AR IS 5 AR A B MR A S e T B T ik 3 6 P 4 s A
o] L AR A A2 S %) S PR T BB 6 & A= AR Ak, DRI A A I 5T A AR T AE A B A AR DR 1 i g S T
T REFRIAINZE S, AN, AR (R 40 2355 1 5 B A% 22 T2 5 A7 16 A 56 M H AT 1% AN 52, Ostonen 451 1
T XA RIS [ AR R AR (1) 12 DN BIREE A0 A 80, A 3 N Ea 5 o i AR B AR F 2 20 % i S o i 2%
PRI . ARBFGE T, AR 2—4 FAR A 2V 5 HARA 2 W3 1 AH G (R R IR AN AR (1 4 2V 5
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fo Z IA)ULAF A W 8 O O 2% X R G 2%, W] RE S B AR AR 2 B ek AL S WU BEIE O BRI A5G . ol T iR
PARAE TR BB A S , B3t L A PR A I , K AL 5 W 13t 2 RS DR, DR T 7 fe AR AR v | 3 i 2 4R B2
HARPIE R —J7 BN iSRG BT 73 Ah—TJ7 I BEA
4.3 6 PR FREIAR AR e 1 LA

EL A G AR A= i BTSSR R LA AR BRI il 38 3o 30 AN [R] AR 25 2 A A AROR AT 1Y, 2800 T
ARSI ROAR R A AT RE AV I H T SRR 2R A o 1 i L ORIk, Bl i P
SERNE ol w8 7 [1] /27 I N ] e B T ol w7 e E S 1 0 2 N T DB o AR SR Y/ B i 1) N 0 ED O RA R i
WL AT Y L i 2 BT O T i 10T B b T BT 6 R e AR AR S [ A A e AR AR O R R
R AR BSR4 2R R TR BN T X AL O/ AN 2 P2 P I 4 SR B Tk oL, 310 5 AR
B T e LA R A A AR BT L, Guo S5 % 56 K A 0 AR AR ) 15t 1 B 50 R BRBE A ARF AR TR AR 4
WA REARL, H S GURAEY R RS TIHE Y B 4 S0MRA B3R, T 22 %0 K i g
Vi MRS AR A e T 50 R A AN TR S5 GO AR P b 22 5 LI, KM 1 AR e i 2R i ) I v 77 2 40 3 2
R, #HAL 1 GRS T 2 PRI Wri: PRI 5 RP R AR YR W 2 T 4 DA, A0
FEHR LA X LA ) (B P E YR I A —E B T HE P, HA R AR AR Y i 2 P e R 4
HRERSY . MLAh Huang 5512 X E AR UMK ID VD 4 3 FREAE A 50 ST i AR A= i 3 B0 i 4 ZLAAR
FEMIREN 63% X AT RE SR A AR AR RIS R o ORI H P PO 25 W R AR AE e i S A G —,
P IR B 1A T A TR S A S R B R 4 S A L AR AR By e B R S RS
W], 3.2 B AR ST A [] PP S AN AR AR ) I 25 SR A 19 2 5 S 5 PP R S AR T T RE LA S HOSCR . Bk
DUMOARAIAR A 5 H T AR S My | e VR LR i B TR EE AR AT 51 BT FUOTREHL I o £
T — TRl Sl 2 AR P S A W R A TS, LR rR e OR3P XA, DRI A 2, RS % 52 i T RE /DN, A3 B
KA AT RE-S5 AR SR TR A7 S S HAE R R SR, S5 AMBIE | 1345 Z6 A ml BBt HAT — 2 OS2, T
HRAE Wang S50 %6f v [l AR A R A B T2 R B 1 AR TR (R o Lo s, L T H B PUR R
KA B 5 BT PSR 433 H B e A G, T A P A Ao Xk A A HEA e RIS AL LA % T it A A
R S AN 2 J22 AR 1 A Wy e A D, 1 4 R 4 2 B9 e B RN I WA ARR T /K AR 9 i R 3 2K
B E AWFTE LR R AR AR 5 e 2 2 Al B ATARAF A [T )T 5C 2R | It A P AR AN ] e 4 A=
PR AR BE T AR A . AT T <2 mm BORR AR AR I o AR B4 A, DT AN [T ) A )
PIEAETT A IRy SRR R I RIS % SE B I AR R G\ 3 70 HE R FEB IRIGE , BT A A 3
AN PP 9 A i ] REAT A — R TR 22
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