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TEE O TR B R AR ) 3825 T a6 X HIEA B S RS R, L7 SR U b N T VD BEIR X 4 T e 20 by
RBEFTAI ARV (BS) B R (AC) BEEEEE (MC) B SEISEE B2 (H-MC) WA G, 5 T AN A B A5 5 %
LU0T 3P EY) LA e T T AL S I BRE . S5 R (1) 5 BS AHLL, 3 R gl e B w P RIE L
RSP 2.09%—5.1% Kk & w38 3.6%—5.8% AN S 3G 1 5—6 £, AC A1 MC 4 35 T 3 S LB S 3ok
BRAE, 0 H-MC 524055 (2) FIAB HRFE I N BSSH-MC>AC>MC, Th 2t A B8 FEM N H-MC>BS>AC>MC, 5 BS M
H, AC MC 1 H-MC B8 3 2RI T 14.3% 37.2% \11.8% , AC MC FIF B B DIFEAR T 14.4%F1 18.3% , H-MC #IFa
BRI T 4.5% ; (3) = MR | Kostiakov IR 38 FHFAHUEY) + 45 B 36 T £k AB W R, %1, HRKAA
[Fl & B R A ) R R T F 2 IR A M DA IR A B FRAE ,MC 5 AC BHIS/K 40 A H-MC 2K o AB .

FHEIR A LIRS R BT HHOK A AR ROR L TR AR T i

Effects of biological soil crusts on soil properties and soil water infiltration process

of sandy land in the east of Yellow River in Ningxia

DONG Zhijin, ZHANG Chengchun, ZHAN Xiuli "
School of Geography and Planning, Ningxia University, Yinchuan 750021, China

Abstract: In order to reveal the influence of biological soil crusts on soil infiltration in desertification combating areas,
biological soil crusts including algae crusts (AC), mosses crusts (MC) and herb—mosses crusts ( H-MC) in the artificial
desert control area in the east of Yellow River in Ningxia were chosen as the main subjects. Based on double ring
experiments and indoor simulation experiments, the properties of soil covered by the crusts and the characteristics of its
infiltration were explored separately. The results showed that; (1) compared with bare sand (BS) , the sand content on the
surface covered individually by 3 other types of crusts decreased by 2.0%—5.1%, the silt content increased by 3.6%—
5.8% , and the organic matter content increased by 5 to 6 times. Total porosity and saturated moisture of soil covered by AC
and MC declined, while that of H-MC had the opposite trend; (2) The average infiltration rate showed BS>H-MC>AC>
MC, and the cumulative infiltration volume per hour showed H-MC>BS>AC>MC. Compared with BS, the initial infiltration
rate of AC, MC and H-MC had a decrease of 14.3%, 37.2%, 11.8% separately, the decline in stable infiltration rate of
AC and MC was 14.4% and 18.3% , and the stable infiltration rate of H-MC had a rise of 4.5% ; (3) The Kostiakov model
performed better than the Horton and Philip models in the simulation of biocrusts infiltration processes. In conclusion, the

existence of biological soil crusts with different levels of development changed the properties and infiltration characteristics of
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the soil. MC and AC led to decrease in water infiltration, while H-MC gave rise to the opposite.

Key Words: biological soil crusts; soil properties; soil water infiltration; double ring; sandy land in the east of Yellow

River in Ningxia

AW - HESE B2 (BSCs ) J2 40 B, L, A, 38 SR o B 2 2R W [R) 3% = b UKL AN B4R DB i 2 &
U R TR R FE B T AR BUE T A T RS ROK SRR X
SR A A RGP TS RE R R ST E RGN, B AR RS R T S O R AR R R K B -y

P AVREAE R 7 30k 2B ) 0 B0 O T T B T A B T R A S TS AR A AR G A R 1Y A 2 OK S
FRET BRSO ) A ) - 398 B o AR L BOoK Ay NS R, % T R IX A S R G R 5 IR X
HR,

UTARSR  ARZ A B TP T T A W) A B T HER W Ao , BB G T A RRI (R AR ) 429 +
HELE KX HIEBALPE T  OK A AT R Gy gl Jy A OKOGRBESS 5 2E R AR W e
FE, DL R RS K ] 2 BRI IR R T AR A ) 1 S BB B VRS R BRI,
G AR PR B L S 1 GRS AR YD R Ry AR S S X
v Ay M e RS S P BT O I Y R T (B e A Wy e M e X B R 1Y
WL RA A SR, Biln T 52 22 P fge AR BOR BE25 R SR I S, 2R 3845 B By e B R 5 [ e i
PEAERS AR (AT E 3K G3 A8 2 AR R 7202 LRSS0 RIS B VR T 3 = 5 TS PR S
P TR AN [ DX I ) e s B %K oy AB B2 eAT S H RS B AT, ARBIESE IX [ VDA o 2 2R A2
LIS R AR A AR Y, Hob R T I RO SR AE B S R A IR A R R Y XA - L R GUAL T R4
PR A RRES RSUE Y B, X3 190 IX A 0K SO R I 2 R S A2 00, DI S R AR 5 A ) - R 4%
B AR + ORIy NS BRI R B L,

TR ARYD M — P G T B A VA A A DX, SEAE R I X B VA U TR T RRUR i
RAEPOE AT R HATA SSGZIX A S R G R OISR s R R U B R v AR ) 1
2 Bz B S BRI AR e 5 AR+ MK o3P B SE M BT 52 8500 AR SO % AN [ R B AR ) £
SRZE K (BRIEHS B BERAE BN R -BE2R A5 B ) s T RIS = LARGR ST B D % B SR FHDBCA A R 1
RRRUREALL, X 3 Foft 2 ) 1 P8 K FBR VD 1) L STk A A B R AR S TS, AU DA i DX S 7 45 PRAS S 1O [ 0
R, SEBD XA S R G IE R - F R SRl s S e

1 ARMREHARTGE

11 AR5 XA

TH R M (37°49'05"—38°20'54"N, 106°20'22"—106°37' 19"E ) fif T 12 & V) Hb P4 55 %%, 101 X
748.43 km®, ARG R T il TR BRI, A I8 AR 10.4 C AR K i 206.2—
255.2 mm, AEZE K i 1933.3 mm, AFSE DXHEAT P LUK ES 4y 32 AR P 3% 2O R 1 13 S5
PAHL, FEBE A —AF A AR V0 A gl RS A gt ok 3 AR R R W BE VS 7 5% ( Caragana korshinskii) i
%ﬂiﬂ( Oxytropis aciphylla) \/f'{'ﬂ“d_«;fi(Hedysarum scoparium ) A5 ey EE N Bz X [ E SR E Y B LAY
R, WIFSE XN A - S B A [ 5 U Fe il U RSk &, e laM ) i2 & B BEHUIRBEE 45 K | I
T005 300 X3 AR B (B 2 i B A BESE A5  o WIFOR IXE SIS 5 SIS 45 B Y DI 34 S EL M T8 8 ( Mlicrocoleus
vaginatus) \EL#E( Bryum argenteum) '
1.2 R

2021 4F 10 H 76 H B F AR PRI DGR PEH SBT3 AR )+ 345 B 35 BE T (>90% ) 1Y DX AR Sy i 9 W
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WA A0 o Joss B B 32 D (BS) R B R A e 55 T3 (AC) K B M A5 7 75 H 3 (MC)
DL I A2 Fy B A TR A 3 55 4 (H-MC) |, RS0 s AR 25 m?(5 mx5 m) A7 T [ v Fe T
[ AC A eI S8 Rz AR 35 5 > 85% , 45 J SR FE Ol 2.95—3.47 em , R IEHOGHT , B MR IR A6 ;A F B8] -3
() MC B P #E2IE fe AT 35 >80% , 45 Fz 2 TR E M 10.08—11.48 em , R TR | B (L 30 ; H-MC FEH N
FrEARHENT R S5 (>85% ) MBESREE By MR K — A 4 i (TGN 60% )

F K AB R HRA B AL (QT-IN12-W , It 5t BB B2 A A FRA ], D W, WA A B 3 B
#2420 em, SR EAE R 35 em, HEH 35 em, TEIRSS AN, BN AC MC Fil H-MC, 43 e PR 2R 45 1 B2k
Gt B RIS - 28 485 Hy 57 4 7 35 1) X R ( &5 Bz B8 56 T ELAR > 35 em) VR M A BRI AL A R XA IR FE R 5 P 2
EHE N 15 em, A HIRSLBR R M E SR P RIZ G5 T AR XV 01 A ik e, {3 i
I FOfAS B /K TR, B 2 1> 1000 mi A o 2 5 43 1) 1) P9 B R IR [R] B 2 S 60K, S P AR 3R i
K2 BE R IAE] 3 em B FFAGTEAS ISP FRAH L A ] PB4 I B 7k i, 30 SN [l s BE A A B K i . 0—
2 min £EPE 30 s ic 5% 1 ¥K,2—12 min £EBE 1 min id5% 1 %K, 14—22 min %:0% 2 min 1058 1 K, 27—67 min £35& 5
min 03% 1 K, RIS R K T [ 5E AR TE 3 em 5 LSRR K kA8 0 Y3 3 Yo R &
i Jia] P A3t K P s B T A IR B R Y 4 LIRS T A B TR TF 65 min,

A TAIGE X+ A Bt b, BPAMKIS Pyl A B B A7 0 1R 25, S5 AT A2 AR SO A B G
3 min [ ABH R ONPIIR AR B AL ] N BB T AUE B 1 A B 3R SURRE AB R
R BIRa B B BAAE & 536 2RSS TA] 9 HAE 2 SO P33 AB UK DK 60 min NI BFIAS B
B BERABRP  ABERITEARXT .

L, x10
Ve = S X An(0.7 + 0.037) (D
AV, W= o 2 IEAB EH R (mm/min) 5 L, 24 n B2 N ALK& (em®) ;S S ER IR
(em?) 310 4 em 5 mm [IFEHR B0 An A0 [R]BR A E] 22 (min) 3 T B BN A9 K (10 <€)
1.3 HEECREE

SR BT R 4 5 K B IR i 7 R AR FH AR A0 R 4E 0—1 em . 1—10 1 10—20 c¢m
GAL - HERE S R R R R S, R SRR 36 S SR ER TR E A EDY | ABIRIE AT E R
FEHLAT HIERZE 10 em F1 20 em ARECR JIRE i, BEANTREE B =0k, JEICA TIRE & 24 A5 SR F bR < R
TR e R (B 3—S IREH)

N BRI TAERE L I B 3—5 N SRAE s AT 0 2 R A 40 2N A ) 345 2 J2 (0—1 em) TGS J 3 55
T (1—10 A1 10—20 em) , FZFEMHATIR G IFRR G M E N & H .

1.4 SEEE T

e RN K R B FLBRURE A A P s Y SR EE AR BRI AN ARG I 5 - A AL A D SRS

'R BE AL ( Mastersizer 3000, Malvern Instruments Ltd. , UK) il & +SEHLARZH A%

1.5 8K NS
BRI FCHEHL Philip Kostiakov AT Horton 3 Fl FAY ABHR Y S A2 i BRI PPN IS A
Philip 57 .

f(1) =055/t + A (2)
Kostiakov F5 71 .
S@) = b/t (3)
Horton #&7Y .
f@) =f. + (fy + 1) /e" (4)
Kb (1) HABEE(mm/min) ; f HHBHEE (mm/min) ; A Fl £ HFBHEE (mm/min) 5 ¢ A BH]E]
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(min) 5 s ABILH(mm/min"?) , RAELIRABEETT; o, b HHEL, /3 BIRMES — BRI E BE N I P A B
AR B BRI RN RREE ; & S, RAE AL HARBER ]8R FE
1.6 ik

i H Microsoft Excel 2019 X % ¥g #E 17 4b # 5 43 Hr, IBM SPSS 24. 0 #4178 K & 5 22 43 1 ( one-way
ANOVA) Pearson #5531 (=0.05) FZ A 53047 (a=0.1) , i@ 1t Origin 2018 FEK],

2 HREHS

2.1 AR[EAY 3L, B Xt e T s )

MAFE T AL BFGEIX 0—20 em @2 BEA ROARFES 3 FhRAIA Y+ e 2h B B 55 3 DL VD AL
IR 32 (>90% ) Mk A (<9%) RS B TE(<0.02% ) B LIRSS R SR 2
T SHVPH L By I £ (3.6%—5.8% ) s e A KL & I £ (0.4%—1.7%) ; WD & w ik /b (7.8%—
33.7% ) HEFISLE K i 4 A &5 i b 00 h b B i 22 (2.6%0—20.9% ) s FAP 3 £ (1.29%—8.1%) H
AR -BEALE B D & i RN, AR A B AR, AR - R AR A T I AT R A eD
FURLAD S5 B 358 TR, 40ab - s b

K1 TRREEEEYIEEREST HIENBRAR

Table 1 Soil particle composition of the biocusts in different developmental degrees

s LR Bk Bk e s o i
Type Soil depth/em Clay/ % Silt/ % s::}(/] /;e Fine sand/%  Middle sand/%  Coarse sand/%
P (BS) 0—1 0.00 1.32+0.22a 12.58+0.38a  74.61+0.17a 9.42+0.61b 2.02+0.14¢
Bare sand 1—10 0.00 1.02+0.24a 13.13+0.39b  70.35+£0.26b  14.39+0.26a 1.12+0.19b
10—20 0.00 0.51+0.30a 11.18+0.45h  76.97+0.85b  11.09+0.31a 0.25+0.03b
PERLEE (AC) 0—1 0.02+0.01a  4.90+0.59b 13.02+0.95a  66.82+0.36b  11.99+0.41b 3.25+0.23b
Algae crusts 1—10 0.00 2.74+0.32ab  15.36+0.6la  68.90+0.42b  12.95+0.31a 0.04+0.04b
10—20 0.00 0.95+0.44bc  16.87+0.35a  79.96+0.61a 2.20+0.16b 0.02+0.03¢
S (MC) 0—1 0.02+0.02a 5.28+0.47c 13.67+0.43a  40.89+0.16d  30.32+0.65a 9.82+0.15a
Mosses crusts 1—10 0.00 1.79+0.41b 14.47£0.68ab  76.34+0.36a 6.38+0.23b 1.02+0.03b
10—20 0.00 0.56+0.21¢ 9.14+0.23¢ 80.95+0.62¢ 8.28+0.41a 1.08+0.23a
FR-BEAE 0—1 0.01+0.01a 7.12+0.39d 14.28+£0.30a  53.39+0.26c  15.08+0.27b 10.12+0.18a
(H-MC) 1—10 0.00 2.80+0.18¢ 10.35+0.21¢ 62.01+0.65¢  10.54+0.35ab 14.30+0.23a
Herb-mosses crusts 10—20 0.00 1.48+0.32b 11.34£0.14b  78.49+0.43a 7.66+0.23a 1.03+0.07a

[EIFIA [ NG TR R 6] — SR AN [ ZE B Ak B 0] 775 1225 22 57 (P<0.05 ) 5 B0l A5 B b afe 2

2 Pron  BEE LY FIEEE R 5 R RN SARUDA L B2 SR e A R S
AR 2 B A I KGN T 2.4 %, SR ES BRI IR Bk i AR AN 1 26, 1 L R A il s /b
T 4.0%M 6.5% SIS KB BT 6.8%M 11.1% , +HEAHLFE S BEIPE 5—6 fif, BA-#E45 Y
B N SR A PTG T 6 £, SfLBR G I T 9.1% A &K &I T 12.6% , ¥146 &K A8
@ NTES
2.2 ARRAEY EESE RS T BRI

L 1 AT AR A ) A S 8 e B 55 T 3K o3 N R O Je BRI AR s i 2ol THRE . 4 FhdE
HABHRZ 25 8% (P=0.036<0.05) , Bit ABREH R H-MC>BS>AC>MC, £ K 7 2 B 0 5 i #F
bk L Rets WA PRI H I AR MR S8R5 RN E G RZ, TR R WA EAB RS B
A B BERN,
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x2 FRLBREAVIELERBESTHIENER
Table 2  Soil properties of the biocusts in different developmental degrees

A UR

SERLRIE WA K TR AL GIEICY s

> J ivA [ O~ anic P K
S j:);ZXE Thickness of Water rganic matler Bulk density/ Total Saturated
Type Soil depth/cm content/ 3 . .
crusts/mm content/ % (g/cm”) porosity/ % moisture/ %
(g/kg)
BRI (BS) 0—1 — 0.22+0.01b 0.75+£0.01d 1.52+0.01b 42.6+0.03b 28.0+0.13b
1—10 — 0.47+0.13b 0.51+0.01b 1.65+0.01a 37.6+0.03b 22.8+0.08b
10—20 — 1.89+0.02b 0.64+0.03d 1.65+0.01b 37.7+0.03¢ 22.9+0.01c
WL K (AC) 0—1 3.21+0.26¢ 0.23+0.02b 7.64+0.12¢ 1.57+0.04b 40.9+0.04¢ 26.1+0.07¢
1—10 — 0.56+0.11b 1.29+0.03a 1.69+0.04a 36.3+0.17¢ 21.5£0.05¢
10—20 — 3.16+0.14a 1.38+0.04c 1.61+0.01c 39.3+0.21b 24.4+0.19b
BEISEE i (MC) 0—1 10.48+0.70a 0.53+0.01a 7.78+0.11b 1.60+0.01a 39.8+0.04d 24.9+0.12d
1—10 — 1.09+0.06a 1.65+0.06a 1.68+0.01a 36.7+0.03¢ 21.8+0.06¢
10—20 — 3.29+0.24a 1.75£0.02a 1.70£0.02a 35.8+0.23d 21.0+0.10d
0N S 0—1 6.32+0.18b 0.32+0.03b 8.49+0.21a 1.51+0.01b 42.9+0.06a 28.4+0.09a
(H-MC) 1—10 — 0.97+0.04b 1.57+£0.04a 1.62+0.01a 40.9+0.03a 24.0+0.15a
10—20 — 3.23+0.31a 1.51+0.05b 1.46+0.01d 44.8+0.07a 30.6+0.03a
35 o W 700
*  BERLK
305 o BEREY £ 600 |
kv ks E
£ sl — munam g 500l
E T - EBRLEMAIE =
" e BRI B o
w3 O - SRR AL .8 400 ¢
X <E
<g 15 oS 300
g 3
£ 2
= 10 . s 200
= E
g
5 O 100 y
0 N N N N N N N 0 ,." N N N N N N N
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Bl FARXEREEMIELARBESTIENKIANESERERITNESE

Fig.1 Infiltration rate /cumulative infiltration volume of the biocrusts in different developmental degrees

I 1 AT, - AB R4 S ek R 010 sh RS 1A E = AN B, gk 3 R SR — B B, #R VD4
BHARRE S T A RGN T (P<0.05) , RUIBSE SR -SEESS e A e I AR T 9008 LR
FEARIR BEAR IR R 14.3% 37.2% 11.8% ;55 I BE AB BURALRIZL(E 1) , P ABHB R R E S TR
B R R R MBS A 5 = B, BT B 3L B K 43 e ik B R A RS I B, SRV e,
FEEREE A 55 T TR I E A B AR ) 0K | SR IR TN 2 245 B e U] b e AIK T 38 A508 MU | IR 2
Sr 50 14.4% 1 18.3% , A BI85 B 15 T I A B AR E IS [ 0 AR K, Fa 8 BRI T 4.5% .,
FEUA A IR B () B R R B LR K A3 R B BE TR, | T AR - S 4 e B A TR 25 2 0t £ 4K
SIANB .

2.3 A BERER N E

Mk 4 PR, HIEABTEGES HHEHEVE R A A SR BN W18 R 5 25 1 5 B A 4h Sk i At g
TS, SRR ZEM AR E R ER Bt AB Y S H A E RO W fUAHC, 5 R DL
DA RHORN B /K AR R 3 AR G, S 45 e 2 R | MU BORTA HLTAH G AR B 3 P A B R S 1
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R F OO, 5 LB SRS K i 5 3 IR ARG, 5 AR R A G E AN 35

¥

K3 TRLEEEEYMIEERBESTHENKINESH

Table 3 Infiltration parameters of the biocrusts in different developmental degrees

- LR U Fas i KRB ] 1h FRAB & I AB AR
;cj: Initial infiltration Stable infiltration Time to stable Cumulative infiltration Average infiltration
ype rate/ ( mm/min ) rate/ ( mm/min) infiltration rate/min volume per hour/mm rate/ ( mm/min )

R (BS) 20.79+2.93a 9.74+0.10b 18—20 638.85b 11.48a
BWRLTEL(AC) 17.82£3.58¢ 8.34+0.13¢ 20—22 549.21¢ 9.82¢
BEIEEE I (MC) 13.05+2.10d 7.96+0.03d 20—22 503.73d 8.44d
FAR -G K2 (H-MC) 18.34x3.22b 10.180.05a 16—18 643.78a 10.99b
F4 TENSHESZWERMNEXE
Table 4 Correlation coefficients between soil infiltration properties and influencing factors
X , o e THEANER o
LT . e IR Uf (¥ ¥ ST R £ T BB R
—_ [z biog Bk Organic .
Thickness . Water Bulk Total Saturated
Sand Silt Clay . matter . .
of crusts content density porosity moisture
content
b V5 R
%D%L%‘ . -0.928 0.190 -0.158 -0.798 -0.925* -0.846 -0.641 0.857 0.848
Initial infiltration rate
B R
*, ﬁl“g.‘ . -0.463 0.188 -0.240 -0.811 -0.506 -0.987 ** -0.336 0.983 ** 0.986 **
Stable infiltration rate
tABR v
* +)\ﬁi - -0.620 0.216 -0.247 -0.858 -0.646 -0.998 ** -0.452 0.998 ** 0.997 **
Cumulative infiltration amount
ELPN S
FIABER -0.788 0.239 -0.241 -0.875 -0.792 -.0961 * ~0.576 0.966 " 0.961°

Average infiltration rate

#* P<0.05; * *P<0.01

TEREFER 123360 935 A4 5 R AR AT I8 A0 I A 0 T A5 1
I,= -2.066 TOC+14.197 SM +12.676 BD+17.500  (R*=0.999) (5)
S,= -1.202 BD+0.225 WC + 0.00125 C+9.055  (R*=0.999) (6)
LRI R (mm/min) 3 S, AFRB #OR (mm/min) ; TOC 45 1B BE (mm) 3 SM M & K& (%) 3 BD
W H AT (g/em®) s WC WU K (%) 5 C HRRKL A B (%)
F 7 (5 ) AN, 095 2 4 M I IE LA 95 K Tk 2 T, 4 e J2 08K A
5 1 M R 2 AT LRI AR RETT s R (6) TIAN, Rl R 22 LA T W)AA K R
R R, 4O TR W) K BB B B I S AR T R R A BT
2.4 AFAEY HIRE B T A S R
[ 5 W LLF I RO T K Ah AP AR B LA SRR Philip BURILA 45 58 U4 A
(FaB i) (K 4.86—6.65 mm/min 552FRAY 7.96—10.18 mm/min AHZEEE K, R* 4/ F0.89, 43 W Philip 4
TG ROR B 2E . Horton BRI G SR ok, £ (B H%) (H5 LM EAN 22 AR/) (0.05—0.315 mm/min) , k
(75 0.79—1.54 2 ], o (i AERR YD i/ MEAEBER 2 e e T A S R I 00 | 5 52 0 48 S A A
FERPIIRT 094, BURILEHORENYS . Kostiakov BRI SR WX, 280 b (67 7.74—11.72 mm/min Z[H],
b R, A5 IR AR , BRI RS S R, #0065t S0 PRI 2 : BS>H-MC>AC>MC, 55245
3, R KT 0.96 , IR A BOREAT

3 e

3.0 AW MRS B SRR SRR R R
PE ) 3R K 1 U R ORI TR R U AR AR S, R R B R ) L4
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L5 R X AR T MU UM R, ABETE R B, 5 BEAE B AR LE , 8245 K R T SR L 5 R R A B 5
I, LS AL ORI o AT S 2 R N N PRS2 AE B LA S REAR -SSR A 5 T 8RR
i 9 2 DKL B, %7 40 UKL (1 2 A P T S B X S i T A AR A T B R M L LA MR i
A USITE B R A SR A L

R5 TRAREEEEYIEERESTHENSETRNEERNER

Table 5 Fitting results of soil water infiltration process of the biocrusts in different developmental degrees using different infiltration models

Philip T Horton 7 Kostiakov 17
E vl Philip model Horton model Kostiakov model
Type A/ s/ R 5/ I k R? b @ R2

(mm/min) (mm/min"?) ( mm/min) (mm/min)

HP(BS) 6.11£0.50 15.72+£1.06  0.89 9.80+0.19 37.08+1.58 1.54+0.13 0.97 11.72+0.70 0.05+0.02 0.99
WRLEH (AC) 4.86+0.59 14.70£1.23  0.84 8.56+0.24 41.66+2.92 1.04+0.11 0.95  10.57£0.67 0.07£0.02 0.99
L (MC) 5.80+0.43 8.07+0.91 0.74 7.88+0.14 31.60+2.47 0.79+0.09 0.94 7.74+2.38 0.04£0.11 0.96
AR -BEREE K (H-MC)  6.65£0.63 12.91£1.32 078 9.87x0.19 41.13+2.50 1.00£0.09  0.97  10.80+0.72 0.03+0.02 0.99

AFfNRBER (mm/min) ; fo APIBER (mm/min) ; s AIER (mm/min"2) 3 a , b NEEG & ISEG BN T E bRz

HUK AN TR T R 9 A ) L 38 BN T AR 3 B LB R A - 38 5 K i S R AN [R] . AW S e SR A -
R T LIRS SLB R, DL A AR R0 45 TR LR s 3 BESRAE R R T HIER)E
KR B, X O TEAS I ST XSS, B )32 o301 T e AR M, D (5 2 45 B2 23 A1 T 1 5 U0 B i i -
T, 2 K50 | T A -2 45 B R ol T A R K, A5 TR R R 2 Sk SRRV LU 22 S/

i, ANRUR B R R AR s B X AR A DU AN R, AW e B S RN S 45 B p) B ot 1l
FHERIR LIERYAT IS B0, — 07 TS DR T AR ) L s B B S A 3R R SRS R A AL, A T 1 PSR AOE
JC B LB e 55— T O Pl AR A R RS BT LR A i A R BRI IR AR T R AR LY
EERoNiae s

LA, A=y L e e ok ek T S A HA < 2T 0 BV ) L M e AN R AR M UZ S5 i
4 Bons et BRI AT E R XA T T A B TIESE
32 EW RS BRSNS K ANB BRI

ABEFE K BB MIBEISEE K W R A T HHOK O A B i e, HAEY) 3825 J Ok m e by, 38 Bk
AERRAR , R K B — , AR - Ml e AR A AV B 4 70 b L, AR T LB IR] fy @ T 58—
BT DX PR 5 i BE D RIS 48 B v () e 24 | TR TR 24 B DS (BURR 5 DR S8 SR A5 1 T 285 e J2 R 22
25 1 AR MR R I T BELAS K 0 AB Y XS Xiao 55T AFFRSE IS 8, IF HL S #RIDHILL  BE S B 25 T
FRJZ TR E KW BN BEAR TV L KB ETRIRZE TS R = A e
SN T FRZ A LB, FLBE A A 53 W 1 L A 20 AL ) I S M AL B I R IR R
BJR  ABEE T BE B S4h B RN B R BB E T, 3X S Zhang 51 B SY 45 AT , DA A 5L U
SV T DX I D LI 36 5, JC A DR 32X 25 B J= AR5 g ELASBIF S BREE IS 25 Bz el ¢ i 1 R = AL
B, BESSAHA (T2 2T e 8 T st A i K TS S0 A T8 (1 BELAR AR T O 8 32

ARG P IE e BB A B4 B A R RE AT R e i 3K 3 AB I Ry BB K B AT 4
HENT — AR A5 52 B2 BRI SR AR R (M5 IR | R 205 I Z IR K G ia B O sl e | I Av )
WAL PSS AR KM R AL 4 s 7 3 BaE R, AR IR IR AR A i SR IS
WER W A MEEEE KRB B 23K ABAH —E et ], S AT A5 R — 2,

33 BIEABIEREZE AN R

ABEFE KB, AR K R P LR ) T A B B PR RE I 22 5 5 VR BOR DA OGO HAE A TR B A8 B

B, VRO B A A AHIR] . FEAB RIRIIG B, 45 R BUS HWK PB , A98 A o i i 5]

http ; //www.ecologica.cn



17 3] RS AT R A ) A BT SRR TR S i R R R 7135

G B T ERIIA SK R 2 | K R R /N A B SRR FEASHI ST A St B i 5 D R R T T4

Fe 2R 5 e i S KB TSIV I8 R X 5 FIN N P a5 R — 2, kBB M BLnk, A B
5 LR E  SALBREE SRR K R I B AR DG TR B B, AR W RS F X AB (R s TR
RIS - B 5 A SR AR 28 7= A 0 S4B D B R S i) A B Y R B2 R 0%

ARAGEHEAT A WA 53 BT 5 30, 45 Kz J2 V5 2 5 M 8 o 3 A d B PR 2R T 4 498 25 o U 2 R M R
FiE AR X — U AB B, R4 1 3845 K 6F A8 52 M )N i S T DA AR A A
A= 1 LB A B BRI OK
3.4 ABEELGE HMEIHY

ARG AR T =AM BRI A W) IS5 e BT T T K e A A, 45 R R I, Kostiakov 5
RUXEAR R A B 1 R AL RO B 4 (R*>0.96) | HUA H AB PRI PE Sy . BS>H-MC>AC>MC, 5 520 25
W—3, 1M Philip BIRUR Y HEA | 50 45 B 8 15 0 AR L, YD K A B RS SUR IR (R = 0.
89) , Ut WA IZ AR ALAE TR0 A= ) - 18 2 e 7 26 R A AR 349 5 1098, 058 1 T2 5 - 38— 4E A8 . Horton
PR JE F Az g0 /A0 Xt 4 R S B A ORI AT (R >0.94)  XE0IIG A8 BUOR(ESA R BE &, (HE X
T ABH RIS R EAE

25 LT BT IX P AR ) - 4 e 7 3 O T R AR AR, IR R T KA A B R, TEXTIZ
DX 35 W R 25 B (9 vh | RIS T BER ARV VA AR R XK oy AB i FE R 52, it — 2 - R AR W +
B2 B Wiz X 3 - K SCE R SR

4 £t

(1) AR 1R 2 B XA 2 et g i B 558 MH SRR YD, AR ) - 4 i B 36 T Y b b B b,
LS BRI, A P S EN  BERAS B AR S K R R IRER S A R N AL 5
FE KA REAR , RS- S 45 K N AR LR B S A K 34

(2) ) 1R 2 B b AR - B ST i 6 AT+ B B MR RERE P A B R, A RIS e R B R
B, BH Ik - 38K 73 B ATB RE bR | T AR B2, B S A RN K N B IE AB I, 245 1 2R
B R SRR M AR BN R MRS B, T IEA RN ABRIER 2R E, B
MR AEAE /N T A 3 2 iy I BHB TE

(3) Kostiakov FH i 3% FH FAEHUARI T XN [R) & R B A 9 345 3 55 F 30K A, Horton
BRI 2 | Philip B 2%
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