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Coupling fine roots with soil moisture and organic carbon in artificial forests in

loess region of western Shanxi Province

LIU Xinchun, ZHAO Yonggang, LIU Xiaofang, ZHU Xingfei, GAO Ran, LI Wenyu
College of Life Science, Shanxi Normal University, Linfen 041000, China

Abstract; In this study, the relationship between fine roots, soil moisture, and soil organic carbon in artificial forests was
analyzed. Three tree species, Robinia pseudoacacia, Platycladus orientalis, and Juglans regia were selected in the loess
region of western Shanxi Province, China. Soil and root samples were taken from 0—500 cm depths to analyze the
distribution pattern of fine root parameters, soil moisture content (SMC), and soil organic carbon density (SOCD). Soil
moisture deficit (SMD) and organic carbon accumulation ( SOCA) in artificial forests were evaluated with long-term
cropland as a control. The resulis showed that; (1) the cumulative proportion of fine root biomass in shallow soil layers
(0—70 cm) ranged from 56% to 71% , which showed obvious surface aggregation in all three forests. (2) The SMD in
deep soil layers (70—500 cm) was significantly higher than that in shallow soil layers of all forests (P < 0.05). Compared
with the control, the SMD in deep soil layers of artificial forests ranked as P. orientalis > J. regia > R. pseudoacacia. (3)
The SOCD in deep soil layers accounted for 77%—86% of total soil profile SOCD across different forests. Compared with
the control, the SOCA in P. orientalis and J. regia plots was generally positive, while the SOCA in R. pseudoacacia plot was
negative. (4) The fine root parameters were positively correlated with both SMC and SOCD in shallow soil layers. However,
in deep soil layers, the positive correlation was observed mainly with SOCD. The significant correlation with SMC was found

only in R. pseudoacacia plot. The deep distribution of fine roots considerably differed among three artificial forests in the
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loess region of western Shanxi, which had an obvious influence on the deep SMC and SOCD distribution. Overall, the fine

root distribution of R. pseudoacacia contributed to SMD while negatively affecting SOCA in the deep soil.

Key Words:; loess region of western Shanxi Province; artificial forests; fine root parameters; soil moisture deficit; soil

organic carbon accumulation.

N AR B R 2 T b X s K 3R FHE 4 AR b | A3 X 3k A 25 3R B 10— 00 B L2651
B R R R TR T B Pk 52 0T R 2% - 437K 2 R FE B AT ML R S8 1) s i 2 D A 9 DG T 1) B B2 B 22 )
NT AR T2 R ARG, AR Tk /0 e A8 37, o3t + e84, 39 0 - 3 alk At > SR, A 24 1
N TR AR AT BEAT A 67T A 52 0, 2 5 [ R RAE W 5 T AR 2 3 T80k iRk %5 1) 8 H 25
M, UTAER, BN ET N T ARG R A - HEK 5 o0 A Bk bl i 22 R B I 298, M@ Bt H
IR AN )N T A B 3K o ORISR 30, 7 2% TR | LA Mkl 38K 235 ™ 5, JE LR 100 em LATF
+J2 . Yuan ZE A BFFEIN R AR AR ) 1) 5 76 1 s 1) K AR PR K AT RE S IR 2 - K Ay s,
S LB AR P 705 1 b R AR AR RIS R B, ALK 52 AT IS I 199%—53% 1 3 mhig it . BRAEHT
SN bR AR SR S BT LU ST R B, AN AR K B BE BT A ML 2 RN IR 2 A PR Gt Y K TR
FieHh, UESE T ARSI T R A MU A AT B VR AR A SE A X ARy v i S A AR 1 4
ALK & AR ST 2 B, HOE )2 (50—200 em) & #2072 (0—50 cm) () 25% , iEB T HI#E K B R Z +
AT B P [ 7 A E 52

AR (<2 mm) JEAR R RGP R AR JEA I RSOK A RN SR R BB R A AR X - K Ay AR
A3 G RE ) B AR 2R R s ] 3X — BB ) i —SUAR RAFFIE L WAR % AR AR HIA AR
TRE AR, B A IR BRA MR B TR IR AMEDE , N TARAE S R G R AR AR (LR Z 2 T N 5 1
JUIZ TR, BT St S M 4T RR 2 1 B R A 9 R B, AR A A X B )2 Y K AR
DAL N TG B AN 7 5 3 Sk b 2R B A A AR 3, 9 75 o= % A b vk iR 4
HR A= W B ) 25 ) A AR F9E J B0, AR A i 5 e S K B E B RO M DG OG 2R o KU A5 ) kot 44 1t
A % FEF I8 25 5 R AR R 285 45 XY 8RR T OAR RAEAE DY 148, HAEMR R AKX H 448
AHUFEA A REIS, HEEN TR <2 mm MAIRAE YR RIEBRRK % E S L Hef
U ARG, B RTIFSERE AR T A AR o3 A0 By 22 5%, 915 38K AR 9 43 A 2% DI AR O (B AE IX
S PR AN TR) N T AR R+ 2 5K 4 A WU AN I EG 7 A i — 2B e AL B

TV 4 b VAR DX T8 A R L, FROKFR /D 78 R R R T REoK &, B SR | RS R e
e KB, A 20 HHATFIR % KSR T RS AR R AR 9 1, B ( Robinia pseudoacacia) M
( Platycladus orientalis ) P F 52 A=A THGEE BTG R o 5 i 1) BV A2 X BN TR B K A 14038 A A
bk (Jugla regia) L GFNER ZFHE . H AT T KA FE TARERLT - 50K 016 B —Le bt
58 A EBE P ERE L A I (> 1 m) 5K 5> B HLAR L R4 0] BRI 5T A X 71 el
JE HLH i = MR Bl AR 7K 20 WLBR =& MO R FF TR A5, 306 TR ASE - B Pk 5 A - e e ML il
BRI, B, AHFSE S BO% 76 3+ X 3 FhliRl TR, SHESH I (0—500 om ) M B A0AR S8 05, 5F
I3 K R ML ARG D4 28, AN X s TAREE S P 545 PR it — i R A 1 i

1 ARMXERARFTE

1.1 WF5E XA
RIS XA TP B2 A XA S (111°7/39"—111°10'14"E ,37°28'14"—37°2856"N) , J& = )17
IR — 32, 1k 900—1200 m , HbJE SZ S , 1 AR AEE , i L 700 ¥ + 5 i e BRI AR X, AR ATR 8.9°C L, 4R
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K A 450—550 mm, EEERTE T—9 H 5§ EFERFKI 70% LA L, 4F78 K& 58 1850.8 mm , Fx KZE A
A IAE 4—6 J1, J@ MBIy R M A0 - 2O S S o - BRI LR R R R AR | Uk 2 DA D
B SRR 32 E S T, ZEARAT, B KR B ARl , IR IR R FERE A X R L TR IR Al 9 e
RHILHT | 2 b DX DL T 38 MR A S A AR A #7245 ( Caragana korshikii) 55 3 N T 2855 bR E B4 %A S
R (Malus pumila) 55, BFEHIFEAFE KR 1,
F1 RGN
Table 1 General characteristics of the sampling plots in loess region of western Shanxi Province, China

Fabki AR

\ i Wi Bl i/ Reqz T/ \ iRk
BeML 4B ik “ R Average £ e .
. . Slope Slope Average HEE } Stand density/
Sampling plot Elevation/m . Age/a plant ( Dominant )
gradient/ (°) aspect . DBH/m  Coverage/% (#/hm?)
height/m herb)
%>
A Cropland 1033 6 SW12° 30 231 1.39 87 x -
Zea mays L.
pil e
IJ% . . 1108 12 EN58° 17 9.23 3.94 69 oo ﬁ 1250
Robinia pseudoacacia Carex tristachya
i EES)
. . 1083 13 SW4° 8 5.33 1.8.7 38 Bothriochloa ischaemum 3300
Platycladus orientalis
(L.) Keng
Btk . 995 9 NW14° 16 5.74 2.64 45 ﬁ(ﬁ 1100
Jugla regia Chenopodium album L.

DBH ; Diameter at breast height

1.2 FEHbBERE S AL R AR

ARG IOZ LX) A 3 LR TR R A G804, A 45 2R Bk A A AR ol s A9 0 A A S 28 T MR A%
Bk, I LA FAR I R AR X R, SRR A IR (530 4F) A IR RAEE AR . PR o £k,
KRR, —4F—2H, T 2017 4F 8 A LA T R HERR R AR R A . B FE Hb e PR 35 1] RT3 B8 AT
P TAT, 30 T A 3 25K 50 m 58 10 m YRR ZEREAY LU IE A 2 3 7 (FRK 10 mx 10 m) , B
I AMRET, TERE T WHFITREARKE R e sk bk i MAs e, JE08 Lk £ 3 MR 3AC AR M, I 3120
Huls  E AR 1 m AYSIRERIE 7 (7 b v, FARAL (942 9 em) RAE 0—500 em IR AL SR AR B9 4 Hod 0—
100 cm +)Z[AIBE 10 cm BUEE , 100—500 cm +)Z ]G 20 em BUEE 55 46 (AR 5 em) ZEAR Bl UL o7 B 2R 4
0—500 cm TR HHERE S 0 398 5 K RV HLRR & i, R A 2T AR IORE 23T B URE 255
P IR, FHER T (100 em®) SR4E 100 em 42 ([A]IFf 10 em) TR £, T 13 %5 5 ( Bulk density, BD)
5
1.2.1 AR RIS A2

HF TR A B AR A B K 2 mm 7 o, WACEE ARARARE & 5 FH AR R RO 8 AR R B K/, T
PR 2R B AR <2 mm W 2F AR, FAR R B #{L (EPSON PERFECTION V700 Photo) 4 3 H
WINRhizo R R 73 H7 RGEHATHR R B SR MR T AR 524 S 800 @ 400, H i R RS
BT S0CHAT T B E , AIRSEGTE AR T,

n k

>

x;
oA AT 1000
nk wr’h

(1)

FOH X AR AT R FEAE, BIAR K% ( Fine root length density, FRLD, m/m”) ; #3 i t % & ( Fine root mass
density, FRMD ,g/m”) ; H3 T F1% & ( Fine root surface area density, FRAD ,m°/m”) ; X, MR FEhS , RER K
(i) AT () R TB ) sr HREREAE (om) sh K E IR (em) 57 I j 43 BEACH KB A8
k 53 BAREAS SBORRE 55 S8k,
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v=i-g> (2)
b, Y MRS —E +Z IR R R AEY = BE (%) sh N TJRREE (em) ;8 IR RIS R
122 RHERARTE BTN E 515
+ 35 7K 52 (Soil moisture content, SMC ) R FI;E 174 (105—110°C , 24 h) Wl %€ ; -84 HLAK ( Soil organic
carbon , SOC) M % >R FH #5 8 R A M #4372 ;0—100 em F A R IIEN AR T EPAME SR T vk
SRAE T TAE R, 100—500 em 475 HH o 398 75 A% 126 R AU A ( Pedotrafer function ) K BN AL 5, %€
IR N A5G T2 Xk 2 2 37 1) 26 B 25 B 5338 PRSI | 7 AR BIFSE 45 b 0—100 em (4R S H50 408 ez 36 JFL 1ol
R REY It — 25 ST A5 RE i ) e A 25 T A% 3ot pRBSORR Y | 38 ek 5 A [ 01 3 A 80 e [ 090 A, S SRl A R 0 4 7
REEARA , 75 3 5 2 1) 440 b 25 o A% 88 R BSUSE Y
I DL (SOC density, SOCD ) &4 HLA7 AR — & TR R AR BT, it B AN >,
SOCD, =SOC, - BD, + D, - (1 - 6,) /100 (3)

31, SOCD, A1 SOC, 73 RS i J2R P15 SOCD (kg/m?) s F-HIA LK% i (g/kg) ; BD, W4 i J2 13 3%
H(g/em’) ;DN | EH R (em) (AR 10 em W) ;0,85 ¢ BEHEAAKT 2 mm WA BRFT S
PIRFE 73 b (%) o S8 4 i RS A () ekt LA B KT 2 mm 90RA L 6 (67T Z 0Tt
1.2.3 L3RG5 BRFE LR S0 P

PLAR b SRy Xk B3 A TR (RIS AR A AZ SR ) TR 2 18 387K 43 75 BRIV (soil moisture deficit, SMD) £l
SOC FHZEZL N (soil organic carbon accumulation,SOCA)i‘I‘%:ﬂD—FDﬂ .

SMD; , = (SMC,, - SMC,,) / SMC,, (4)
SOCA,, = (SOCD,, - SOCD,,) / SOCD,, (5)

=P SMC, , \SMC,, , 1 SOCD, , 1 SOCD, , 43RS k A~ 25 j R A TAREE b A0 B Hb 19 SMC T SOCD
1.2.4 BAsget Lot

HAE SMC . SOC FAIMRSEN) + 20 A FRAE , I 25 G i N MAF 2T 2020 R BEGE ole £ )2 5 i 2 (0—70
em) FIEJZE (70—500 em) 47530, R LR 2 07 255011k (one-way ANOVA) Fllie /N 2% 55 2 359 (LSD ) %)
3 Ff N TS AR R ABRIEAT ST 0 M7 (P<0.05) , SR FH Pearson #H 5 R KU 4IHR  SMC F1 SOCD #4741 e 43
Mro rAGeit st SPSS 18.0 #47, SR Origin 9.0 A4 A,

2 HREH

2.1 N THRGERRERES 80 1

4 F N TAERE A 2 (0—500 em) HARFFESEUM G INE 1 R . AARFHESEAETR)E (0—70 em) F
RIZ(70—500 cm) A4 B E 2 F (P<0.05) . 4 F A TAEGE + 12 4R Rt B Y ik 24 120 52%—
71% , H FRLD {HYGH N 658.78—1308.27 m/m’ , FRMD {H 75 Fl }y 46.60—418.34 g/m’ ; 7E¥R )2 FRLD {E L [H
4 265.57—409.10 m/m* , FRMD {H{E 4 13.12—62.00 g/m’,3 fl A T4k FRLD il FRMD '3 K T4 b ( P<
0.05) , fHA ] 22 5 AN 25 . FRAD A B ALY 73 A LA, HR 2 E 2 1.41—3.96 m*/m*; R+ )2 K
1.84—4.06 m*/m’  ALAEA LRI BEREHD AT 135 22 57 (P<0.05) 5 A FE L AAR B4R EZAEAE | mm 2247, AR M
AR B AT /N T 3 RPN ARG B A% (P<0.05)
2.2 NTAREHEAK G oA K5 PEAr

4 FPHEHE + 58K 53 (SMC) FEREA T E M- AR 28 5 (181 2) o 76 RIEVR)Z & SMC i + I VR B 1
IR IS AR SRR 4 BN THEBIR £ 2735 SMC 8 9.8%—16.4% , £5 FE 1 AR SPEAR T /N
DAAHE AR IR 3 F AR SMC BN [R) AR BE 8 5 ke (181 2) o 3 Fl N TEARAE BT 9 75 iR B0 5 H: SMC a3
FEAR 2, 3T TARIERIZ K 5375 i (SMD ) B - 558 % 52 1 0 52 34 I 34 e )2, B A0 FA17E 70—300
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L3573 TR %
Root length density/(m/m?) Root mass density/(g/m?)
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Bl 1 4 ATH&EHE0—500 cm JNEHIRBFESENT

Fig.1 Fine root parameters within the 0—500 cm soil layers under the four vegetation types

em )2 SMD Frgk HEONFRE , MAZHE SMD 2 /0 #95,300—500 em £ 2 FIRE FIAZ Bk SMD 238 i 2, i
M SMD S/, 3 Fp N TARIEAS 20 SMD 2R anid 2 fioR, A L2k E S HEEZ SMD ¥y
BE R TIRZ(P<0.05) , 7E-HE%)Z, H SMD (HEI K . Jl# (-0.36) @ FMAA(-1.00) , Bk (-1.23) 1k Z,
AKFEHLIA]JC W3 2% 5 (P>0.05) , 7EIR )2 (70—500 cm) , H: SMD {3 A M (-5.37) W2 TRBE
(=9.08) ,HlFE(-10.73) IR Z . EARSAUL, BIRLK 4375 Bl ™ 5 BRI AR
2.3 N TMAWIRS M 5 RSN

4 RN T A B v )2 - 204 HLBR 5 (SOCD) JE FEI7E 0.82—1.58 kg/m? , (584 + 21 14.0%—24.0% , 4 Hb
TR 2 5 T HIBL R INAG (P<0.05) , 4 Fh A TALBE)ZF-45 SOCD JEFIFE 0.99—1.26 kg/m” , 45 B Hb A G
R (P>0.05) , LAHINXTR 3 Ff N TARTE 0—500 em AYA HLERFL R (SOCA ) R RIAE , 75 1%
)2, Ak SOCA SN IEMH, 76 £ HE 2, IR ALY SOCA Fifi = J22 % B2 1) 1 im 522 0884 ok 2%, i Ak 1)
SOCA JE0/0 5 541,400 em LAF )2 ,3 N T4k SOCA # T 1B HB Wt T e . A + 2k E, Bl
AR, & FEHBIR )2 SOCA 135 5 TR JZ (P<0.05) (K 3) . #E R Z RN bk (1.47) W35 Tl BE
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(—1.46) FMMAA(-1.64)  FERTZ RN A%HE(4.95) R (3.55) 3 = THRIBL(-0.66) . BMART bk
FIUAE SOCA 23t R (R, BA RPN, MR 23t (8, B 5 SR

+ 3 kE SMC

Soil moisture content/%

8 10 12 14 16 18 20 22 24

—_

(=3

(=}
T

200

T+ E®E Soil layer/cm
(98]
=
(=}

400

500 F

—_
(=3
S

+ 2B Soil layer/cm

400

500 F

1

T J2E Soil layer/cm

—_
(=3
S

200 |

300

400 |

500 F

-06 -04 -02 0 0.2

TR S TP SMD

Soil moisture deficit effect

T3R5 T HELR SMD
Soil moisture deficit effect

|
<
~

!
o
o

|
o
o0

|
=

|
—_
[\S]

FEMEKT Vegetation types

B ke %k
Aa Aa Aa

T I 1 c
| |
I Ab
. l

|
L é b [J0—-70cm Bb

B2 4FfATIHEH 0—500 cm HIE T HFEAS SR (SMC) HHR S EAFHE(SMD)
Fig.2 Soil moisture content (SMC) and its deficit (SMD) within the 0—500 cm soil layers under the four vegetation types
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Fig.3 Soil organic carbon density (SOCD) and accumulation (SOCA) within the 0—500 cm soil layers under the four vegetation

types

el v B B 0 T B 45 Rl 5 2 R A LU R S BB 75 R, 18] ¢ A R B AR bR — R 10

2.4 SMC . SOC FHHR -S4k a] (14 AH S

Pearson AHFEPEHT R (£ 2) , B+ Z , K4 SMC .SOCD 540 =& A W E L R (HIEAH
+E& N T 2SS, £14%)2  FRLD FRMD .FRAD 5 SMC & #F i AH5¢, 5 SOCD &3 IF A% ( P<
0.05) ; AARE T R B 5 SMC B F IEAE, 5 SOCD &3 it 5% (P<0.05) ;D 5 SMC A1 SOCD G i % % 7
(P>0.05) ;SMC 5 SOCD %25 fiAH K (P<0.05) , 7E HIEIR)Z & 4£ 4 FRLD FRMD FRAD 5 SOCD f i % 1F
AHIEHE (P<0.05) 5115 SMC 1Y IEAH DGR RIRRAE e 2 3, SMC 5 SOCD &3 TEAHSG
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*R2 47 ANIHE#H SMC,SOCD L R4FE S E B K EDHT

Table 2 Correlation analysis between SMC, SOC, and fine root parameters of the four artificial vegetation types

255 0—70 cm /2 Soil layers 70—500 cm 4:JZ Soil layers 0—500 cm 1) Soil layers

Variable et IR MR BBk A URE MU BBk kb R MR Bk
SMC 5 SOCD

SOCD -095"*  -078* -094*" -097"* -022 064" -030 053" -039" 057°* -027 054"
SMC HAIHFHES AL

FRLD -098** -0.67 -097** -0.12 028 087" 027 -0.10 -023 082" 016  040*
FRMD -0.60 -0.85" -0.94"" -0.24 0.11 0.75** 0.02 -0.15 -0.10 0.86"" 0.11 0.50""
FRAD -039  -061 -099** 034 -024 023 001 011 -022 057" 009  0.51°"
D 0.55 081* 016 047 -0.11 -061** -023 025 005 055 010 -023
B 0917  079* 088" 094" -031 -062°" -028 -037 037° -043" 007 -0.25
SOCD FAMRFHIESHL

FRLD 095" 051 0.94** 025 0.66** 059  -036 0.18 094" 075" 0.615"* 0.55"*
FRMD 0.73 065  086* 033 0727 054" =039 027 079" 0.77"* 0.61"* 0.69"*
FRAD 0.29 035 09" -021 0.59*" 045" -045" 039 010 057" 0.57** 048"
D -062  -055 -009 -047 -0.57**-0.51 -002 0.62° 012 019 026 017
B -0.89™ -085* -098*" -0.89"" —040 -0.35 036 -073"* -0927* -0.88**  -0.77°*-0.87*"

* ,P<0.05; = = ,P<0.01 ;SMC;i%/F‘Q\ﬂ(E—i Soil moisture contenl;SOCD;i%fﬁﬂLﬁf}%%ﬂ‘g Soil organic carbon density;FRLD:ﬂ‘EK%:fE Fine root
length density ; FRMD ; #3Jii 7% & Fine root mass density ; FRAD R ZFE A% |, Fine root surface area density; D : #R EL 4%, Fine root diameter; B # &

1455 2 %L Root extinction coefficient

3 it

3.1 A TARYIARTE B o0 25 51k

FEAMIEGE 3 B N TARTR £ 2 AR R AR 8 35 = T, BLRE + 2 R B 38 in A AR B2 B T F% . Bennett
ST P ERLTAZ BT ST ARAT 2R A 45 R, AT I R N TR 28 G A 43 2 T s i 1 W0 S 0 34 ) AT AR 2
fIE{EL, 3 Al TAR 398 R 2 AR A 0 o AR B R B0 R . IIAT (28.9% ) <TRIME (43.2% ) <iBk (44.0%) , i
IFAZIAR B R TR BL AR T HIBE A Bk, #E35 BE4E A8 BB o 238 WA R A9 40 AR 32 223 A 7 0—80 em + /23
BN, i > 4 ATEL 3 LIPS ,0 — 200 em )2 2R 4IHR T ALY £ 54010 )2, A 80% LA |-
AR R B A, X SE R AE 25 R S AR ST ML, A1) 2 2 N BRI 9T R | 3 )T RN 22 € 0—200 em 1 )2
IR FRAD (B4 2.37 A1 1.71 m*/m’® fIIF4 3.01 F12.56 m*/m’, S5AMF5% (2.01 m*/m’) A T2z 5],
AT SR T AN T R A R 25 Rl L . 2B B RN, EEETLE | mm 2247, BETREE Y
TR B oA /D HLEL AR RTINS | DR VR 2 2R 1T A F2 2 ARk 43 0
3.2 A TARGAHR AT 387K o () B i

B U X AT 5, AN A PR RZ B IRARME & A= R AR B AR 28 43 A B L K R 1 Y
a5 Je KAy 22 R EE RN Y FEARHEGE 3 Rl N TR S A [ AR B A 7K 40 e, R A
Blde e AR 2, 7E LR b SRR R K T B T TR IZ . Gao SR NP AE K
TG R IA  RIREA 7K 20 SRR B 5 K, A AU AR AR X 4 e, HLASFE M 200 em AR 5 I, 54
RS, X SRR RAEAA BECR . MIRATRZE A AR 53 A0 ORI R AZ R /D | DRI IR 2 K
G35 A D IR AU A I, AR XS 56K o R I AE AR B 28 L (R A r 25 57, HAEARTRIIRE 22 57 B3
R A BRI R R AR R Ky DR 2 AR R IR R . A AR A 5 % B 0 A X - 8
IKAY TR, N Z B AN FEAN L, O i - 47 2 — e R K 75 e, DA S BURR 2 B 4L, Sk 3
FR)ZR I LK o Rk e he [ B 7T B DR A b A bR 136, N TR 2 4R 25 BE B R, i AR R AR 20 A I
IKAEF H 2 AE R K HME LN | 80K FE B 08 Thie , Rk S 8082 LKy = g™ B Y K ok

http ; //www.ecologica.cn



8 S % 39 &

TR AR A TR AARARIE 3 Bl & N RS (A IF 20 e it R R 2 4R 43 1 f&"\,/ﬁ\ﬁﬂ(/ >
ISV AT R s B, AR SRS BTttt — 2R S AR 5+ HE/K 4 A G 56 R AT M A 31k, X T R
ORI T ARHR 22 283060 7K A3 0 ) P AR S A K

3.3 AN TMRAHAR XS 4= S8 HLAR (1) 5 1)

TEATIST 3 Fl L T AR 245 SOCD K 0.82—1.58 kg/m>, BB A7) 7 B 7 Mo X A AR5 A7)
MRHBRJZE (0—50 em) F-3 SOCD 4 2.79 kg/m* , 5AMF A r 22 5], X FERP N A TAHREZE SOC I E2k
TR RS JE I VTS A M XA U A T i 1K v 8 7 o A5 ) 1 ML) 5 A s AR RN B R Y DA - B i ok
F AR, 3 i N TAREZ SOCD A+ 21 77%—86% ; HAREHLIRZ SOCD L E5UW B3 5 TIRE.
ST e — 2,3 RN TARAIAR 5 + 3 A7 MR A A 38 IE M OGO R, SR AE NP X P04 AT
TSR BT & B, TR )2 (100—200 em) +3EH ALK 2 b A3 (0—200 em) 1Y 27%—42% , N T ik
B8 TIRZA VUG, SAFIE A AL, OUESE T RS2 AR 505 A BR , (E % T 3984 HLAR A9 R ;’iﬂ}
BEKRTTER A AR, 3 AT AR AR FIAZ B SOCD Fe Bk 1E 17 B SR, i IR I AR B2 . 3% =
BT R R AN TR RE B AR 43 AT 1 25 S0 2 53 A LR A R BKSF 1  ARHIF S A, 3 Rl N T AR AR 437 TR B B
A= s e T, — T A AE TR L E MR A G N T AR M AR i AR R W (A LR | R R
A A ML) LA SR R o4 ) Ho o3 s i Ak ﬂfjtjt% T IR)ZE SOC Wy & ) — 7 I, 4AR i 43
ATk T I RREEM A F T SOC AIBLE | 1 ML AE R 2 A7 48 7™ 5 A 7K 43 7 it , 7K 43 ikt [ 1K
THIW AR n] GERZ A LR A

4 it

(1)3 Bl A TARGIAR 5= A4 th 23 A AE 3872 (0—70 em) |, 48R SR 24 56%—71% , FANHL AR (E
i T A,

(2)3 P TARIR)Z (70—500 em) H K537 6l b 25 5 TR )2 s SACHIAR LL 3 PPN TARZEG S 44 A
[ A 2 1 K A3 s, L oA = Bt Sk P B R AR R

(3)3 Pl N TAR TR 2 L% FE DTk A K, o 84> 12 (0—500 em) 292 77%—86% ; WK KFH , 7E
0—500 em 1)z, 3 FlON TARA AT FIAZ BE A HLERFR SRR 2 B0k 1E 17 B BRVE R R 1) 5 BRAVE I

(4) FEATA] )25, N TRRAHAR XS - S K Bl () DTHR A BT 25 5%, 76 L IEVR 2 4R 5 1 8K 43 R AL 2% B
SHEAREACCR IR L2, 4R 5 VLA 2 A 135 A0 S, 5 1 87K 23 9 R O M A0 HE 0 A A e A8
W,
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