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Study on the mechanic features of root and root-soil matrix of Dolichos lablab L.

hedgerows on the slopes of the karst area
TANG Han, CHEN Yun®, LIU Xiaohong, HE Binghui, LI Yong, QIANG Jiaojiao, LI Tie

Key Laboratory of Karst Environment, College of Resources and Environment, Southwest University, Chongqing 400715, China

Abstract; To explore the effect of Dolichos lablab L. hedgerows on soil and water conservation, we planted Dolichos lablab
L. at up, middle, and down slopes at bedding slopes of the karst valley in Youyang Chongqing. The roots and root-soil
matrix were sampled. The mechanical properties of roots, soil anti-scourability, and soil shear strength of root-soil matrix
were tested. To find the factors affecting mechanical properties, we scanned root grayscale and tested root chemical
compositions (lignin, cellulose, and hemicellulose) , and also performed correlation analysis. The results showed that; (1)
The whole root parameters (root length, root surface area, root volume, and root weight) had the highest value in the
middle slope portion, followed by down slope portion; the corresponding value of the up slope portion was minimum. Root

dominant diameter was in the range of 0.0<d<1.0 mm. The average content of cellulose in plant root was higher than that of
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lignin and hemicellulose. The root cellulose content was significantly negatively correlated with root diameter. (2) The root
average ultimate tensile force of Dolichos lablab 1.. was 6.77 N and the average tensile strength was 29.57 MPa. Cellulose
and lignin had statistically significant influences on the root mechanical properties. Their regression relations are as follows
the ultimate tensile force increased logarithmically with lignin content and increased linearly with wood fiber ratio; tensile
strength increased logarithmically with cellulose content, decreased logarithmically with lignin/cellulose ( wood to fiber
ratio). (3) The root volume density, root weight density, and wood fiber ratio of the up slope shear strength samples were
significantly greater than those of the middle and down slopes. However, for the anti-scour samples, root volume density,
root weight density, cellulose content, and lignin content were higher at middle slope portions but there was no significant
difference. (4) The root system could effectively improve the shear performance of the soil. The internal friction angle and
cohesion of the root-soil matrix were higher than those of the bare ground control. Significant differences in cohesion was
only observed for the up slope portion, between the terrace hedgerow and bare ground control, increasing by 45.67%. The
internal friction angle and anti-scourability were better at middle and down slopes. Our study showed that the mechanical
properties of the root-soil matrix were mainly affected by root volume density, root weight density, root surface area density,
and cellulose content. In summary, the root diameter in the range 0.0<d < 1.0 mm substantially contributed to the
mechanical properties of Dolichos lablab L. root and root-soil matrix. The anti-scourability of root-soil matrix was better at
the middle and down slope portions; the shear performance of root-soil matrix was the best at the up slope portion, but anti-
scourability was the worst. When promoting the planting of terrace hedgerows of Dolichos lablab L. soil and water
conservation would be improved when they are planted in low and flat terrains ( such as the middle and down slope

portions ) .
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Table 1 The whole root and diameter parameters of Dolichos lablab L. among different slope portions

HZ st Bt RN YL HEHR Diameter parameters/mm
Root parameters Sl(??e Whole root
position paramelers 0.0<d<0.5mm  0.5<d<1.0 mm 1.0<d<1.5 mm 1.5<d<2.0mm  2.0<d<2.5 mm
R RL 7 203.08+0.33A 77.95+56.28aA 45.95+24.35aA 5.54+2.36bA 1.51+1.03bA 0.70+0.33bA
Root length/cm g 242.2420.29A 154.50£104.95aA  67.03+33.89bA 10.92+3.54bA 3.1121.26bA 1.22+0.57bA
Tk 222.31+0.60A 158.62+73.61aA 46.1030.58bA 13.09+13.76bA 2.67+2.82bA 1.40+0.82bA
MR RSA ¥ 17.39+4.26A 6.06+3.97abA 9.79+5.02aA 2.07+0.91bcA 0.82+0.56¢A 0.51+0.24¢cA
Root surface area/cm’ i 19.04+2.86A 11.46+6.82abA 14.65+8.14aA 4.05+1.28¢cA 1.65+0.66cA 0.87+0.41cA
Tk 17.47+4.40A 11.52+5.29aA 10.19+7.63aA 4.85+5.04bA 1.44£1.51bA 0.99+0.57bA
HAFL RV iR 0.63+0.15A 0.04+0.03aA 0.17+0.09aA 0.06+0.03aA 0.04+0.02aA 0.03+0.01aA
Root volume/cm® i 0.71+0.17A 0.080.05aA 0.27+0.16aA 0.120.04aA 0.07+0.03aA 0.050.02aA
TH 0.57+0.32A 0.08+0.04aA 0.19+0.15aA 0.14+0.15aA 0.06+0.07aA 0.06+0.03aA
I RT i1 347.80+287.34B  102.40+65.01aB 2.60+4.10bB 0.20+0.45bA 0.20£0.44bA 0.00bA
Root tips ¥ 525.00+360.57B  518.00+359.22aAB  4.60+2.79hB 0.800.84bA 0.00bA 0.00bA
T 664.40+383.80A  651.80+380.29aA 9.80+3.83bA 1.60+1.67bA 0.00bA 0.00bA
HE RW iR 1.08+0.33A — — — _ _
Rool weight/mg g 1.28+0.29A — — — — —
T 1.0720.60A — — — — —

RPBAE N FIHAREDREE (n=5) , R/ NGFRFRIRE — TR AR R GURIFAE B35 22 53 (P<0.05) 5 AJRI RS 7 REF5 A — R b5 A [ Bl (o 1o 77 5 2. 3% 22 5
(P<0.05)

®2 IMBEEAEIR AT E + BRI SR
Table 2 Physical properties of different slope portions at bedding slopes

, AT \ EoAmE  REREAmE KR
W . LB E R X Saturation FH a4 K B AR EKR
» Bulk density/ . Capillary Noncapillary . . . . .
Slope position 5 Total porosity/ % . . moisture Field capacity/%  Soil moisture/%
(g/ecm™) voidage/ % poropsity/ %
content/ %
3 Up 1.43+0.01a 46.12+0.00b 26.76+0.06a 19.37+0.06a  20.04+0.04b  18.82 +0.06a 8.37+0.02b
h3 Middle 1.26+0.07b 52.42+0.03a 33.03+0.05a 19.39+0.06a 31.56+£0.03a  26.50+0.07a 38.79+0.21a
T Y Down 1.30+0.03b 50.79+0.01a 36.54+0.03a 14.25+0.02a 32.27+0.03a  28.07+0.03a 12.69+0.01ab

FRBAE N A LARIERR 22 (n=9) , ARVNG PR 7R R — bR A RIS R 77 A B35 22 57 (P<0.05)

2.1.2 MRAELZE I FRE

YR R HEEK (Cellulose, C) 47 4 % ( Hemicellulose , H) A JFi % ( Lignin, L) & & #E4 700 & | 45 8 01 .
ﬁé’é?"‘aﬁjiﬁqﬂiﬂbiiﬁﬂ?iﬁ,*Jﬁ%@iﬂf?'—ﬁﬁﬁ%‘f*ﬁﬁ,*éﬂﬁ%é‘i?ﬂlﬂiﬁ{ﬁﬂik,i\Tiﬁi@{ﬁ
A HAS A BT T4 B Z [ 4 T B = R
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SR ARESHGERYA R ET A RBOCHR , HXH T { 0.0<d<0.5 mm BB LR 5
w5 HAR R D E A C (Pearson= -0.830) , UA MR (K 3),0.0<d<0.5 mm BHLFHER F 2L O.
5<d<1.0 mm RHK JEHETLE 35%—60% Z 1], F 4 2 & i AR AR BGRLINTRN , PIARRI R RITER R4k
RO AR JEFIITE 209%—30% Z 0], AR Z & B AR A 218 3G a3
2.2 AR BRBTH ) Shih R B

I T i L GAR R EARTE RN 0.19—0.93 mm, FEYIME K 0.46 mm , 156 D% 65.52% , W FR4TH T
YL 1.06—18.56 N, #4{H 6.77 N, PrHismELE 6.97—57.50 MPa, #4{H 29.57 MPa, HiHikrrES HAR A
G HFEE R R BOE A HAS SR A BRI Hr 7 i B AR A KR 8RR BT BN B S A
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Fig.2 Grayscale scan of Dolichos lablab L.
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Fig.3 Relationships between root chemical composition content and different diameters
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BRBTHL 152 AR ZR i MR, B A 0t 3R 2 48 44 K AR R A2 LA SR BR BT H 1 i AH 1 0.5<d
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222 FMRBUREEE KR N

Ui 5 mAR O 56 (& 4) , D37 22430 2 BH ELAR X P o A7 . 3 M2 IR (P<0.05) , 0.0<d <1.0
mm 12 2% B B ARG R BTHIE BE 2RI A b > B3 R d>1.0 mm 2GR B AR I KT H a8 AR 1L
% W HE Y by 3SR TR, nT DL R A7 AR R LT 0.0<d < 1.0 mm AR A AR TL HE AR

B HT R (26 3) :0.0<d <0.5 mm BRI o517 4 R AN Shuhid 5 2 2 sl B E A5G
BELT 2 2% A, BUhiom B LIRS R B0 K (Pearson 22800 0.920, P<0.05) ; BEA R S84 AR LF Hoi
K, HUP R LA ECR B8N ( Pearson 28053 9120 -0.971 . —=0.964 ,P<0.01) , 0.5<d<1.0 mm RHE AL It 5
Priism 2 25 U IE (Pearson R -0.880,P<0.05) , Z5 I, $ L G HUHIoE B 52 47 4 2R A AL A 52
BEET 24 25 75 B3 M3 K AR R AL SHUPR E A SCHE T 0.0<d <0.5 mm B H

o b e R o FHERE

?g " . 70 1 = 17.058p-0558
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iié 512 =07885  _7F,=17.059D'4 = B0 40 o R2=04986
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Fig.4 Relationships between maximum tension, tensile strength and mean diameter of Dolichos lablab L. at different slope portions
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Table 3 Regression equations between root tensile properties and chemical compositions of Dolichos lablab L.

A N A Wiy W FRHLH ST Maximum tension F/N PLHIBREE Tensile strength T/MPa
Diameter oot chemical . N
compositions [YEIEEA R? Pearson [P RREK R? Pearson
0.0<d<0.5 mm C.A%% F,= -3.864In(C) + 50.219 0.270 -0220  T,= 67.972In(C) - 230.66 0.866 0.920 *
7o LARE F.=0.9365In(L) + 24.565 0.338 0.298  T.= -114.4In(L) + 399.09 0952  -0.971**
L/CAREFI F.= 0.0176(L/C) + 2.6245 0.265 0.160  T,= -44.36ln(L/C) + 207.3 0934  -0.964**
H R % F.= -0.2834H + 20.588 0.350 0.291  T,= -0.273H+7493.9¢ 0.212  -0.438
0.5<d<1.0 mm C. %R F,= -4.661In(C) + 61.419 0.490 -0.111 T,= 30.156In(C) - 88.365 0.120 0.370
204 LoKRZ F.= 11.19In(L) - 2.936 0.736 0.887*  T,= =51.75In(L) + 192.95 0.589 -0.684
L/C R F.=0.3253(L/C) - 4.2534 0.672 0.820* T,= -50.24In(L/C) + 223 0.771 -0.880 "
H R F.= -0.1864H + 23.463 0.329 -0.573  T,= -0.2443H+0.1517¢ 0.510  -0.768

* FRAE 0.05 /KT LA, + + FIRAE 0.01 AR AR A%
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2.3 MR- LB AU vk RERHE
2.3.1 BHEPRGIE SIS FRIE

4 KU R BE BRI LR R FFZE (Root surface area density, RSAD) b3 i 3 K T |
T, ML E 2 B (Root weight density, RWD) 3 i 3 K Tl . oo R 18] 19 AR RIE 846 b5 Y70 1o 25 1
Z5 ., W-E AP HFER RIESFEARYN B3 S T s hmyteh 2RO S A TR T RS, B
RRIATU LR R RSAD TR B R  RAA TR (Root volume density ,RVD) \RWD T H (AR K 4t
BY AR RAEFR TS B I ST h AR R AR R I PRAH S AL R D AN RIS A R R Y

S AR RAER M, RIE T EHREF R AT FUHR R, B 12 (n B3 [ iR R AR A

TRLJZ L BT ARG T TR SR PREIN R

Yoy EAEAN BYEOREF LB 3E R TR, HAdsbr e B E M2 5% P LSt S5, 2
P& EHBy AP o EAE T N OR RAF AR E R LR WYY 5Pk HREAR R E L HET o 5 >
ST MY EGHUI AR LA R FEAY B 456 SRR R LSRR,
ARG GWARYA — & AHCHE R AR R, AR A 3R 5 SR S KR

F4 AEFART P THREESELER S8R

Table 4 Root morphology parameters and chemical compositions of root—soil matrix at different slope portions

K. 3% = 7 R BR iE wprdia Al
el RKHE WERIREE RIS REHRE ki

s Slope Root length Root surface Root volume Root weight 4% A& Wood fber LR

Treatment ; density/ area density/ density/ density/ Cellulose/ % Lignin/ % . Hemicellulose/ %
portion (1073em/em®) (107 %em¥em®) (10 %em¥em®) (1073 mg/em?) o

HTRA IR 949.69+11.80a 74.3021.20a 2.930.74a 2.96x1.04a 47.50£8.13a 21.841.59a  46.74+10.6a 20.67+2.12a

Shear strength samples s 857.58+36.77a 67.95£1.36a 0.67+0.08b 0.67+0.13b 47.8419.71a  21.97£2.37a  47.46+10.65ab 17.88+1.61a
TH 894.82+25.84a 72.86x3.01a 0.86=0.12bh 1.27£0.18ah  49.35:2.31a 20.64:0.38a  42.14z1.18h 20.63+3.29a

PR A ¥ 129.03+2.51a 9.51£0.12a 0.5520.03a 1.03£0.25a 45.37£0.01a  21.32£0.27a  47.08+0.02a 19.92+0.03a

Anti-scour samples it 123.54£0.28a 9.50+0.02a 0.6120.09a 1.5240.20a 51.87£0.04a  22.22+0.09a  43.94:0.11a 20.53£0.02a
TH 125.16+1.45a 9.61£0.03a 0.41£0.05a 0.85£0.23a 50.63£0.02a  23.220.02a  46.06+0.06a 19.70£0.01a

R N I EAREDE (n=3) RNG FRIR I — BN RS f7 1 B2 5 (P<0.05)

2.3.2  EARMBUET R bR Ky e R 2

&5 v M b D EE R AR OREER T (R BEBRAR ) SR F X R, A 1 R 3R 0 55 0] B M AE 7
Z5t, YRR BE/NT RS SR A 1A b BUE N R AR R > T B> o, A ]
PE SR HE R/ | ok PR 5 b 35 55 X140 1) K 85.42° 86.08° KB J1HEF : b 3> T 3>l %o B b 55 1
HEE W IIE ST R 27.60 kPa 36.92 kPa, M3 5 M5 X HEORG 28 ) 34 R 5 i 3k 45.67%

FHEME R (2 6) . FUE SR EESE /S5 RVD RWD 2 B 35 M B35 EMH 6, F Pk 5
RVD 2 W 7AHX, RLD Al RSAD,RVD A1 RWD S SH08T 8 pn A — BECH U A OCOC R, A 37 i
JEFESf 5 RLD \RSAD #£ f1AHC, 5 RVD . RWD B IEA G,

£5 FEEAR-+ 8 A KRR

Table 5 The shear strength and anti-scourability index of root-soil matrix at different slope portions

. MEEEA ¢ R ¢ P AS

510;,/; iton ‘Internal friction angle/° | Cohesion/kPa Anti-scourability/
Xf HERR D H I Hb X HERR D Hi I Hb (L/g)

3 Up 81.95+5.91aA 83.38+3.18aA 28.79:+1.63bB 52.99:£10.18aA 4.98+0.36a

I Middle 88.40+0.21aA 88.65+0.13aA 17.82:1.19¢A 18.99:£0.91cA 9.95+2.86a

T4 Down 85.90+0.81aA 86.22:1.47aA 40.35:1.38aA 38.77+1.78bA 10.29:1.34a

TR N T IE AR EDR2E (n=3) , RIEV/ING FREFR IR [H—F8 B A RIS A7 [ AF 7 83 25 5 (P<0.05) 5 AR KRS 1 7R [6]— 15 b5 (14 X i
5 Yl [ A L 25 5 (P<0.05)
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233 Eaipdims U R R o FRSEAE o A
PO R EOIEHET (R 5) R 3> Bk, s [T AR A
Z Rl BUE AR IR AR 0.34—5.31 2 Ji], 2 SpER s 30 207
PR BB A2 R P =4 min B Y0 2 B4
WEM S P AR b A A R BT R R B 2
PERAAE (L S) | ol e s s BB e (0%, 1 R 3bt
PR R (A P I FE R 4 min , 4535 437 24 5 S 48 I ek 7 T s s 4 e
LB S LIS, PRI TR R AR TEAR Hif ] Time/min
WE, XA R T EERAERNNEWVER BE)578  Fig.5 Dynamic changes of Anti — scourability at different
YT AR D U PR B A K TR T B, #E Ak slope portions
A, HEE A YU BRI, 3B s SN
S BN,
PUh 50z RSAD FILFAEZE RN (£ 6) , o FHHL RS RSAD &t W5 IEARSG 5 27 4 % 5t 3 it
WEAMKKR, FHERMATRR T BSOS MR MR, bt S A4 R & B R AHe,
HIE AR & R EIEAH,

F6 ARWAR-TEEERIEERRNRMIERERARSERALERIEXXR

Table 6 Correlation analysis between shear strength parameters, anti—scourability, and root morphology paratemns, chemical compositions at

N
W

EARUIETE

Anti-scourability/(L/g)

different slope portions

- K E m%m&%rsz R ff@%’rﬁ e Kz A Ft e
Parameters Root lc'ngth Root surfalce Root Vo.lume Root anght Cellulose Lignin Wood .hbt:r Hemicellulose
density area density density density ratio
N BEEE F =4 -0.383 -0.698 0.997 * 0.998 ** 0.440 0.471 -0.096 -0.781
Internal friction angle i -0.993 -0.841 0.735 0.897 -0.987 0.158 -0.731 -0.753
T -0.620 -0.516 0.780 0.835 -0.021 0.030 -0.213 0.988
R ) Tk 0.624 0.869 -0.980 " -0.960 -0.641 -0.248 0.329 0.907
Cohesion Lib 7 0.619 0.977 -0.971* -0.946 -0.947 -0.317 0.610 -0.850
T 0.602 0.920 -0.937 -0.908 -0.834 -0.861 0.940 -0.660
EIRUIE R I -0.590 0.741 0.807 0.739 -0.906 * 0.762 0.663 0.140
Anti-scourability Li/13 -0.200 0.985 * 0.964 0.971 -0.990 ** 0.955 0.999 * -0.987
THE -0.390 0.833* 0.810 0.775 -0.916* 0.885 0.946 -0.116

# FIRTE 0.05 FKF ERBEMR, « = FRTE 0.01 KKF EREEAR

33 g
3.1 FIEGARRILA S Kosg i N 2

W ST AR b, DX A ) AR R SRy 3 7 - M RIK A3 S B PR B (o o BB K ) B9 BRERE TR T A B e R AL
Hi7 WEEEX R EAR R AIE S SR RS A T A AR SR, AR AR R R BN Y
KT E3;0.0<d<0.5 mm 0.5<d <1.0 mm BIITA a4 (BRARRFRSN ) 2 5 2K T HABAR R G IR, W5 T HEHL
X TR PR EAMYAR R T 2R Ko 20 D % AR A K I HAR i 3 K AR 32—
A R AR A R SR T 4R e X K 3R A W CRE T G 1 SROPLR T R AR K R Y
Y SR A a2 AR R AR I ORAL A B Y R FLIRIROK B R4 SR AR RO AR D i
KRR RS FRVR AR RRAE

W ST RSB b - i e 119 4 [ A 5 T S AR R AE AR ) A TR S A R R RO A, R K+
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TR Bl S RE R ELAR T T i, i A 2 B, rh i lie B3O R M 2R S T A LR = AL
I AT U5 R AR R BARSE AR HE P 2208 B3> T3 i B/ DA TE T2 RR AL B R
P, Sz AN [ 3 (VAR 28 201 B i 78 A 3 2 IR R AR AR v s vl £ RS R R AR 7 S o
AL 35 R 2R AR L, AR AR IRAR X L

Sia DIRYEE RO R AR S IR EAE L L T — A IE R BHLE] AR R RO AR 2 B SRR
Lord )/ SN i S S W - AU T &= R ST 5 s e ol /e w27/ B2 L DY W = & i R 1
SAEKRTE o BRI, YR RIE SRR S b3 3R | 3K S eI
3.2 B EARRPURRRE BRI A 3R

HEAAR R PRI I — R AE 60%—T5% "7 JEIE P, 7 1 GAR R IR0 % 65.52% BT A
MRFR A 0 R GO BRI SR B 29.57 MPa, 29 M A MR (d< 1.5 mm) B9 1.16 fif | B (d< 1.5
mm) () 2.03 £ AT UL SR R A R A 12 R . R IR AR R BURLRR SR bR S EAR RIS T
FER YN R KBRS (B B —E 2257 X PR RIS SR T AR B9 LU RIAR 28 A0 oy
i, IR B2 P AR AR LS — T R A RS L ST AR SR R GT R R MR b 5 62 53 3% 2 (1 [l
YRI5 T s ) 22 S A AR SRR 25 R ), HAAR W) PR R RS A L i i A 15 83

AT P AR ZR A R g Bl A DRI A, 047 5 38 B AR D/ N T 5 | 3k 55 DR 70 . AR R
Tr2 R — 3052 WRRBTHL I3 SRR A KSR LB, BURiss B 5 4F dE R & i EA G SRR
FRLE LR OG , RAR A3 R R L3RS 1720 i S SEfiF 5 A4 o B 5 2 2 3R 5 A7 A S A DG 56
FU DL R AR S A O A O R IR O TR S AL R R AN AR TS K H R
FAAETCAR RS AR AR LR SR AR B 1) B AR A A o o 5 A AR 22 5, ELAE S RLZE R sh A8 2 et A v
AR JFCH -5 9] B 14 1 S R A () AT S5 BN [ 490 o k] — 00 ol AN T) A R e i e 5 A 2 il o0 5% 2 Y 78
BT A BT AT R R IR W AR TR b s A AR T B A A OB AR R AR BT
b TR LS IR O B 5 R SO, U TR RN S R N AR R R AR IR AT LA 2P dE R R R
N REAR R TR B AR R
33 i EAMR-EE AT AR R R

MR- 52 G VRSO Rl P B 48 4 DR SR T 9 08K IR BEAHEIT - s> 3> B3 KR 7. B3R
P>l KERFTERS AR R A RO g L AhT BT s e o B I R AR AR R BRI
RLIRHERANE FH 7™ Az 1S 15 M0 N BEAE A TR/, 430 15 - SR [ JR 245 T S WA RG 58 0 /N> e A N B
PEA KGR ) — PR BAR R 2 B AR SR T AR BE (3 AT R ™ AR 9 Sm LS A A 53 W (R 2R
BRI SR ARSI BB B S AR RIE SRR BRI RUR B AR i3 B LR i (193¢
ONOR L5 AFRLE, BA WA TEES) o (HASC TS L3R R IE S8R SR R 1 J0 G, B 2 1
AR (R X RIIRR S IFAEZ AR R R, A SE A T A R I T, S b AR D X AR
U PERERZ IR 1K B 2K, sl eSO 22 57 B B0 R 1 2 HA N SR SR . A RS UE A 3k R b g
ESMVRG R T, BE S KRG I R R ) 52 S el AR A e R I 57K R0 209% ) o i P AR R
{HE K AR oy (FEIT W 5 7R B BT ) e 2R IR T R B 22, R ARSI T (VR 2R T 32 S K R E TR

EARUIE =34 €SP Z0T A kiae 3 W DS e NG A E ST ARA B -2 B P e NN B s
g e - ISR S W BT b i R TR R A A 22 S, L e B O (A T RFL BB AP AR ) BT AL
B B BHUE ST AR (R RTINS BaE N S PO iR B OG . AR B R DS
O RLOP RS LT X 4 MG 72 DU 122 B R T DX A S5 1R 2 oL, i 25 45 10 T8 0 £ XA th Bt ol 4
Bz 257 AT X BOR B I BRI AU  ANTR) e R DAy 7 A 22 S 1 R A

4 #ig

DRI SRR S ER T AR K AR ITBL AR R RICA > F > B 0.0<d<0.5 mm 7%
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PR T YR IEA,0.5<d<1.0 mm LRFHRHRII P RA . 0.0<d<1.0 mm AR IR PR ARFHH
MROBI B E R T HANAR, MA RN GAHER SR BF MR, SARER PR S EMLIEAVE

2) e 5 EAR SRR pR R DU G s o -5 21 48 3R 8 PR AUE A OG5 AR B MR LT H 2 1 % 4
PRECBAT G s iR BRUTIE ) 5 AR R S X B R BB AT SE | SR T LU LR S PR pR BOE AR O . VPR T o JEE 15 5 20
TR M PRBTIL I 5B AR A7 A R T

3) EE IR AL SSE bR T EYAHUST A RO, Wt h AR T b R BHEROR, AL BTy
FEAAR AR B AR 5 B B T b R e R bR b Y e B AR R S R T b R AR
o A BT B REROREF LR T R

4) A PRI BESEE A ORGSR ) S 200r BRI O (AL _L 37 ARG 3R T S35 TS IR PR A BB AR AR
R AR S R R R R SR T AR S ORI/, e i BB AR S v AR T R T K R T 4
E=piei DN %\
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