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Abstract: Cracking the soil and water loss effects of mining-induced surface fissures in the coal mining area of the middle
reaches of the Yellow River is of great significance for ecological environment protection and high-quality development in
the coal mining region of northern Shaanxi. Taking the soil around the mining-induced ground fissures with widths of
0-10, 10—20, 20—30 cm (within 80 cm in horizontal distance and shallower than 20 cm in vertical depth) in the typical
mining-induced ground fissure development area in the north wing of Ningtiaota mine field in northern Shaanxi as the re-
search object, the soil infiltration rate, cumulative infiltration, saturated hydraulic conductivity (X), organic matter, mech-
anical composition and > 0.25 mm water-stable aggregates were measured by constant head method and instrument ana-
lysis method, respectively. The influence of mining-induced ground fissures on soil infiltration characteristics was re-
vealed. Based on the RUSLE2 model calculation, the soil erosion effect on the small spatial scale of mining-induced
ground fissures considering infiltration characteristics is clarified. The results showed that: (1) The infiltration rate of soil
around the mining-induced fissures exhibits a dynamic variation process over time, characterized by three stages: transient
(0-3 min), gradual (3—60 min), and stable (60—110 min). 2 The effect of mining-induced ground fissure development on
soil Ks is the most significant, with an average increase of 60.63%. This effect increases with the increase of mining-in-
duced ground fissure width and the decrease of horizontal distance from ground fissure. 3) Soil cumulative infiltration and
Ks were significantly positively correlated with very fine sand (p < 0.01), but significantly negatively correlated with clay
and organic matter (p < 0.01), and significantly negatively correlated with > 0.25 mm water-stable aggregates (p < 0.05).
@ The variation range of erodibility K-value calculated by considering infiltration characteristics is 1.12—2.13 times lar-
ger than that without considering infiltration characteristics. Based on the exponential function, the prediction model of the
influence range of mining-induced ground fissures with different widths on the infiltration rate and erodibility K-value of
the surrounding soil was constructed. It was found that when the horizontal distance from the mining-induced ground fis-
sures exceeded 226 cm and 157 cm, respectively, the effect of mining-induced ground fissures on increasing the infiltra-
tion rate and erodibility of the surrounding soil basically disappeared. It can be used as a precise prevention and control
target area for soil erosion in the loess mining-induced ground fissure development area in the middle reaches of the Yel-
low River.

Key words: mining ground cracks; soil infiltration characteristics; soil erosion effect; RUSLE2 model; Northern
Shaanxi coal mine area
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Table 1 Detection results of key indicators of soil infiltration characteristics and erodibility

T2 AL 4 K AR iy FkL ki & A ﬁﬁﬁ;]lf;/ >0.25 mm/KFadk
WEf/em  SEFF/em WEES/em  (mm - min') & /mm R % TR EU% BRI % (e ke B A /%
20 6.20+0.63cd 1487.63+24.69f 9.93+0.40e 58.84+2.85¢  12.82+0.65bc  6.03+0.24bc 31.29+0.7cd
40 5.57+0.39¢ 1309.39421.08i  11.03+0.43cd 59.63+£3.56bc  12.72+0.57bc  6.39+0.30bc 34.52+0.87¢
0-10 60 4.93+0.18de 1202.96+30.53j 12.78£0.40c  60.80+1.90ab  11.84+0.56cd  6.89+0.31b 36.30+0.63bc
80 4.63+0.66de 1123.82+32.10k  13.57+0.34b  60.93+2.0lab  13.56+0.55b  7.46+0.36ab 38.47+0.65b
20 7.49+0.59ab 1783.99420.79b  7.60+0.29fg  59.39+2.09bc  13.02+0.45bc  5.12+0.25¢ 26.26+0.81¢
40 6.07+0.48¢c 1630.40+21.68d  10.88+0.43d  60.35+4.56b  12.09+0.51c  5.48+0.28c 27.90+0.63de
010 10-20 60 5.75+0.41c 1463.69+31.02f  11.62+0.37cd  61.57+1.45ab  11.50+0.44cd  5.98+0.25bc 31.78+1.18cd
80 5.3140.47cd  1389.57+19.80h  12.35+0.50c  62.2842.31ab  9.76+0.38de  6.44+0.36bc 33.39+0.99cd
20 8.14+0.59a 2 045.00+24.65a 5.83+0.3%h 56.74+2.13d  13.34+0.69bc  4.04+0.13d 20.20+0.62fg
40 6.92+0.58b 1790.08+23.51b  7.40+0.43gh  58.08+1.77cd 12.89+0.42bc  4.38+0.22cd 22.70+1.18f
2030 60 6.16+0.58bc 1661.00+21.83¢c  7.97+0.54fg  59.26+1.73bc  12.84+0.42bc  4.97+0.25cd 24.26+1.05ef
80 5.85+0.46¢ 1560.80+29.45¢ 8.76+0.48¢ef  61.04+2.26ab 12.40+0.43bc  5.42+0.27c 24.60+0.67ef
20 4.49+0.29de  1165.84+28.47jk  10.87+0.37d  59.42+1.43bc  10.26+0.69d  6.40+0.32bc 23.66+0.83ef
40 4.22+0.46¢ 1008.10+£23.541  11.814+0.39cd  63.41+£2.74ab  9.75+0.62de  6.71+0.37bc 25.28+0.66ef
0-10 60 3.85+0.17¢f 915.894£20.55m  13.34+0.28bc  64.34+2.36a 10.28+0.6d  7.22+0.31ab 27.73+0.88de
80 3.46+0.6ef 853.20+27.49n 14.034£0.37b  64.78+2.06a  9.62+0.48de  7.67+0.30a 29.33+0.67d
20 5.58+0.45cd  1442.33+£20.11fg  8.08+0.27fg  59.86+2.19bc 8.50+0.57¢ 5.40+0.26¢ 19.10+0.81¢g
40 4.85+0.32de 1260.89+19.661 8.78+0.25¢ef  59.06+2.28bc  10.69+0.36cd  5.71+0.22bc 21.52+0.99fg
10720 10-20 60 4.31+0.25de 1122.03+19.56k  10.15+0.39de  61.414+2.21ab  10.49+0.37d  6.15+0.26bc 24.88+1.12ef
80 4.05+0.41ef 1042.74421.651  10.56+0.46de 61.64+2.20ab  10.09+0.27de  6.65+0.28bc 26.32+1.02¢
20 6.50+0.13b 1590.56+20.34¢ 7.10+0.42¢g 56.78+1.70d 15.18+0.69a  4.40+0.18cd 15.45+0.76h
40 5.59+0.22¢ 1398.88+20.93h 8.24+0.32f 58.32+1.44¢ 13.62+0.62b  4.74+0.20cd 17.95+0.88gh
2030 60 5.10+0.19d 1276.80+18.03i 8.91+0.26ef  59.33+1.90bc  13.34+0.51bc  5.34+0.22c 18.03+0.61gh
80 4.69+0.32de 1207.92+14.38j 9.73+0.44¢ 60.23+£2.15b  13.30+0.41bc  5.76+0.28bc 20.74+0.74fg
CKg~19 3.67+0.36e 1031.30+16.681 14.07+0.36b  53.70+2.52¢  10.91+0.58cd  7.86+0.36a 45.36+1.54a
CKp~20 3.04+0.27f 803.20+13.890 15.25+£0.61a  52.93+£2.15ef  10.46+0.52d  8.16+0.34a 35.94+1.28bc

I BERBER NS min2HBSER; FRkiEN<0.002 mm; HPREKAE80.002~0.05 mm; B ATRPRRTE 90.05~0.1 mm; [RIF) A F

BRI TEp < 0.05KF T EFBE,

SRl AL X ] - 4 SRBB I B R
ARHE R 1, Zeifil T AN (W] 98 132 R oy b 224 4% ) 6]+ 18
BB, ME 4 PR,

M 1. & 4 T 50, AT X B4 Toig & B T
FEEE RS A, TIERRBEENEVE FAHE
o, BIEME: YL2N T 0~10 em B, BE#H 0~
10 cm 5 2445 K- E 28 A Wi R, 0 B RS A
F) 18 IR AR IR Ky 44.25% ., 26.97% . 16.65% . 8.97%; Bifi
# 10~20 cm 55 2445 K T BE B A2 Wi K, 149 AR
BB RGN 72.98% . 58.09% . 41.93% ., 34.74%;
Bl 20~30 cm FE 248KV BE 25 B G K, 115 2
BUB 3 2 1 R KKl 98.29% . 73.57%. 61.06%.

3.1.2

51.34%, 4+ 24T 10~20 cm i, % 0~ 10 cm
TE AT KT B () K, 48 RRB i e ( HE
IR K 45.15%. 25.51%. 14.03%. 6.23%; Fifiz 10~
20 cm FE A KB B Wi R, TR B AR
F 18 IEAK YR M 79.57% ., 56.98% . 39.69% . 29.82%; Fifi
# 20~30 cm e TR R AB G K, T RS
B A IR IR 98.03% , 74.16% ., 58.96% . 50.39%.
VL B AR BT (p<0.05). ki @ 7
AN ELREE T, FERIG 815 | R A bR ZAEE 25 = R RN
Je| B - 18 R RS R (A%, L R4 T8 B i RRnEE
UG 0 KT B ) 4 T 45 () A A ) A4 4% 0 i I
HCFREES N, H 45 RBNE S T ELEE ARSI/
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= 10 8 ~ 12 12
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1
0 20 40 60 80 100 120
I} ] /min
(e) 245555 10~20 cm+10~20 cm /2

1
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i} 8] /min
() 244457 F£20~30 cm+10~20 cm 12

¢ CK m B4/ FREE20 cm o FEZLEE/KTHE 40 cm a BEZLAE/KFRE 60 cm v BHZEE%/K T 12980 cm
B3 HHEABERLEUEE

Fig.3 Soil infiltration rate process fitting diagram

3.1.3  RBHAIAENT ] Bl - 3R A K (K) BYSE N

PR 1, 2 T R A SRR (K) 240K, an
K S FiR. e 1, &S Al A T 84 gk
A TE R SR S 204k, IR SR (K B8
W B BARNS: 4 20T 0~10 em B,
BEZ 0~ 10 cm i 2445 K - BE 25 0 2R 838 K, 1 5800
FIEKE (K, BRI A 68.98% . 51.76% . 34.45% .

26.30%; B 10~20 cm i ZL4% 7K - H B F 8 i K,
TR TR (K BIBSIRAIR R 104.23% . 65.58% .
56.81%. 44.63%; BfizE 20~30 cm F& 2L 4% /K 7 FE 25 1)
AR, FHREAITACR (K, RBETRIKCH 121.89%
88.65%. 67.82%. 59.53%.

M+ ZAT 10~20 ecm B, B 0~10 cm 58 %Y
KRB 2 i K, IR A SR (K AR
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Table 2 Table 2 Numerical relationship between soil infiltration rate and horizontal distance, infiltration time

ZALETEE /em JE T /em I ER LB
0~10 V, = 63131125 _0.509¢"" +8.810 0.936
o 10~20 Vp = 541311136 _1293¢""" 19,618 0.948
0~10 V, = 102.793r0013 _ 123 478%™ +249.330 0.911
10720 10~20 Vp = 196351095 0.791e4"* —6.259 0.901
030 0~10 Vp = 133100019 — 17514 1+8.164 0.928
10~20 Vp = 103820922~ 0.430¢"'” +4.589 0.962

UV AR, mm - minT's DY ABIE], ming RIERAERKPIEE, om.

135
108 |
uﬂ%ﬁ 81|
w M4r X x
W 27F ® &
=% , , , , , CK & 0 , , , , , CK &

20 40 60 80 100 & 20 40 60 80 100 &

5[] /min 5 [7] /min
(a) 45E 5 [£0~10 cm+0~10 em -2 (b) Z45% % £10~20 cm+0~10 cmt- /2

210 110
_§168 ‘ 2 88 |
£ 126} = 66+t
g4 [”g 44 ¢
4 Q22
R R o ® R (
0 &) 0 &
20 40 60 80 100 e 20 40 60 80 100 &
I 8] /min i 18] /min
(c) B4 % ¥ 20~30 cm+0~10 cm L2 (d) 4555 F0~10 cm+10~20 cm 122

3
0 . . . X . CK @e 0 . . . . . CK @7&
20 40 60 80 100 & 20 40 60 80 100 g
i 1] /min 5[] /min
() 2444557 F¥10~20 cm+10~20 cm -+ 22 (f) 24495 F£20~30 cm+10~20 cm-1-J2

B4 s s R LA
Fig.4 Change of soil permeability
IR N 47.82%., 38.66% . 26.59%. 13.97%; 5 10~  54.19%, VI FEIEHLLARI B EZ S (p <0.05), Hillt
20 om i MEE KOV BE B B Wi, RS KE I O AR ERE R, TRRTE S5 K 1 e 2
(Ky) BIXEIEMKIK A 83.67%. 59.49% . 41.79% . 33.31%;  “&437= A3 finJ& Bl - i kR (K Azsons, HLRE
Bl % 20~30 cm 5 R4 KT IE B AW A, 30 SRR A ORI 2444 1) K ST B B 1) 46 5 1 44
FRRTCR (K, MHEIRIRICN 113.93% ., 83.74% ., 67.68%., ) FEAH [F] 2448 95 B MOKFRE R, IR AR 3
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RMEANAS: BT R DR Sl 248 X0 1 HE AR B 52 S AR P o0, 1239

KJ/(mm-min~")

(a) 0~10 cm )2

Ks/(mm-m'ln/])

(b) 10~20 cm+ /2
[ | CK 7] 0~10%44% [ 10~20%44% MM 20~30%44%

K5 AR (K) 2k
Fig.5 The variation of soil saturated hydraulic

conductivity (K;)

(K) P ELERBE A BE I T/
32 TEANSHUESEUERBEXST

TR AL T, BB SR AR
IR (K) 52 T IEMIRAL AL . A BB RUK R A R iR 55
ZEA RN AR SO S A B R A
KM 5 AR FAMAR DG AT, G5 NIE 6 s .

Hi 1l 6 RIA1, A [R] 56 B2 SR 2y h 224 4% o il 138 R
AB R KA AIT KR (K) 50K (<0.002 mm), 41
ki (0.05~0.1 mm), AHLET. > 0.25 mm /KA A
RAK 4 AR5 A OC R BRI —0.82, 0.55., —0.88,
—0.41; —0.81. 0.60, —0.86., —0.41, 43k 2| i 2 A &k
(p <0.05), Hrr, HAWAMATFL (0.05~0.1 mm) 5+
RS & M KR (K 2% % IE A
(p < 0.01), MZHFL (< 0.002 mm) FG VLS T E
NS i R AT KR (K) 2B E AKX (p <
0.01), > 0.25 mm 7K Fa P A 3R (At 522 3 A 56 (p <

1.0
0.8
0.6
0.4
0.2

-0.2
-0.4
-0.6
—0.8
-1.0

#p<0.05

#%p<0.01

e 2P X SRR (< 0.002 mm), X, AR (0.002~
0.05 mm). X; APATKL (0.05~0.1 mm), X, FHAHLE; Xs M
>0.25 mm KFVEBIRIR G, %; v, WEBRABE, mm; Y, Wil
AIFIK#E, mm/min, FF,

Ko LIEABRHES FACTERUR T

Fig.6 Relationship analysi of soil infiltration characteristics and

physicochemical characterization
0.05); 1 25 AH S Ay 2 B A O R A W R/ MHERPAR
U A HL > BhORE (<0.002 mm)> ) 41 & R
(0.05~0.1 mm)> /KEaHEHTRIA (> 0.25 mm), T34
IR (K) Fe PO LA BRI b Bl B4 7,
PRI, e BRAR OC RBCR 1 0.4 S T e AR, 78 O Ah
i (<0.002 mm)., HAHEPAL (0.05~0.1 mm), HHLEFHI
> 0.25 mm KARPER RAK 4 A HFA1E R 778 &, 15
TR AN K AR (K M AR, FEr T AN ) S8R R sl
LR T B IR AN KR (K)) 5 IR T
WRZR AT
8.675(X; - X;)

X1 X5

48.989X2'050 -44.518 R*=0.921 ®)

K K, o TSR A K S IIIE, mm/min.
3.3 EEhthR4ExTEE T ER i K ERF0E

MY 22 1 088 RULSE2 #8148 T Z B A%
bRy Tt K (8, 25504055 3 B DAL 3Rl 4
il TRk K AEXT I, i 7 R

H % 3. & 7 Al g0, AHE T X B4 oIt & B A
TR IR S h 244E, HI1EnT ik K (E3 2R LA
B BEMT: Y+2ZNT 0~10 cm B, & 0~
10 cm F8 34 4% /KB 8 A ks ok, ] bk K(E
9 14 IR AR YR M 30.58% ., 28.44% ., 24.54% . 23.80%; fifi
# 10~20 cm TE 4% KO- B 1 s Ok, - 3EnT ik
P K AEAEIEIRICH 37.17% . 30.07% ., 28.43% . 25.50%;
Bl 20~30 cm F&F4%E KT IE B B K, 13 m]

K, = —1.482X0%
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Table 3 Soil erodibility K-value calculation results 0.05 i — —
LR em ST em  ACOTHESom  EMEAT K _§
0.04H | ; .
20 0.055 191 g § § §
40 0.054 286 20034 | ! !
0~10 = 1 1 1
60 0.052 636 002ff | § §
80 0.052 326 § ? ?
0.0 | 1 1
20 0.057977 § § §
40 0.054974 Ok eceeeccc cc¢ec¢
0~10 10~20 S O O o S O O O S O O O
60 0.054 284 SEER | SR | R EE®
20 0.053 044 CK 0~10 cm 10~20 cm 20~30 cm
i (a) 0~10 cm 1)
20 0.059 358
0.06 —— : :
40 0.058 079 : : : —
20~30 : . mE
60 0.057 638 0.05F ; 3
80 0.057 206 0.04 Il § §
ig : : :
2 .054 : . !
0 0.054 533 £ o0l | | i
40 0.053 739 # 3 3 3
0~10 = ool | 3 3
60 0.052325 : 3 3 3
80 0.051 787 001 ff | § §
20 0.056 372 0 : : :
40 0.055 783 CKl EEEE| 55§EE| 556568
10~20 10~20 SEER | S8R | S8R
60 0.055014 CK| 0~10cm | 10~20 cm 20~30 cm
80 0.054319 (b) 10~20 cm )2
20 0,058 676 0 CK W PR 2245 EE 520 e I PH B 224480 5540 cm
' PR AR 560 om [ HE B ZE4%EE 2980 cm
40 0.057 476 B
20~30 " 0.056 821 Bl 7 st K {HAE L
Fig.7 Variation of soil erodibility K-value
30 0.056 201 i L o S
ke 0012266 TRITIEE 4 4% 11 7K Y- 5 1) 4 e T 3 e ) ik TR B pR 2L
~10 : e = M L] < L 3%
o« S o0e HOR, Hgl TR S A K X T e K (5
10~20 .

PhoME KB 35 IR AR UK R 40.44% ., 35.11%., 34.08% .
33.08%. 4+ 24T 10~20 cm i, % 0~ 10 cm
Vi SAAE /KT IR RS B O, ATl vk KR 1S R
R K 29.68% ., 27.79% . 24.43% . 23.15%; FiEi#E 10~
20 cm 5 4% KB B A T O, IR Dl K
HYBEEAR YN 34.05% ., 32.65% . 30.82% ., 29.17%; %
20~30 cm T ZL4E KT B 98 B G G, 4]
K AE AR 39.53% ., 36.68% . 35.12% . 33.65%,
DL B AA R 2 22 5 (p < 0.05), HtA] IL: D 78
AR IR ELIREE T, FRRAG Bl5 | A 1Y) 1 6 5448 25 7= = 3
e RS AT b KRR, H R SESE 5ERE YR

AT | BERAE KPR B i ik e R (R 9)), B
M TE AT 0~ 10 em, HIE 4% K P 5 40 551 4
H 89.497. 81.144 cm; ZL4E T AT 10~20 cm, HFH
UK T BEES S Y 126.573 cm., 100.827 cm; 4%
BEE AT 20~30 cm, H 1 24 4% K B 243 5
156.747. 138.380 cm K, ‘B AT 1% J& [ 0~10 cm, 10~
20 cm 2 F IR 3G SR AR SEAR T K B) FEAH
7] 54 5% 9E B MoK VRN, - HERT v KRBl EL
TR BN 8N @ 0~10., 10~20, 20~30 cm i
JE SR By b 54 48 0 BRAH S 35 3G R ARl 26.55% .
30.98%. 35.96%(p < 0.05), % & A B FEMEIT A Al 1k
P K AEAR LI oA PO T 1.12~2.13 %,

R*=0.990
©)

0.022w%312+0.077d7°%? - 0.030 (10 ~20cm 1) R*=0.980

{ 0.022w%%®! +0.071d" 1% -0.017 (0~ 10 cm 1 3)
P =

P K o b e ot K BUAE, ¢ - hm® - b/

(hm* + MJ « mm); w A RSB R4E TEFE, em; d RS
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RMEANAS: BT R DR Sl 248 X0 1 HE AR B 52 S AR P o0, 1241

ZE KRS, em,
4 it P

1) Rl b ZE4E X + 1 A BRI . R BhHs
SABE ) KB 2 W I JE B - e g iy S R e v, 1 i+
HEALBREE, 3 W ARSI RATR, Xt RSB EE L UK
OMBAFRE ST . FRIMEAE LA S BAE AR I BE I #8721
ERmRY LB A b A 5 R A ST 2SS Y
B2, SRS AR I R B O T TR XA
BERYZERPIRZS, BE IR A A5 18 A HEK 43 26 % T
B, ABCRIEIURE X AL 5K 2058 & 5
— 75 1T, T BT b 2R 4 0 ) - AR T 2 1T, 3 i - 4
53 S AT A B B R, B K R R R,
IF2 5 H eI R — ek 3422, i A 4 ek
Sy IR X IGZ By, SRR K 4y 22 Ssg e . B
TS BB, A K AR RS, AR Y
T e PR A, S0 1] A4 AF 7 145 (T flide 7 5
B0, fE 8 T IR AR BRI TR VR
SRR A K OB, i T e AR A S, 1
Jol A 9 AT R A i T, AT B AR 1 PRI
EOBCEY TR 31.32% A1 > 0.25 mm /KRR A1 R 14
B T 36.4% By BRI . A 9 P B ARy
Jei, BRSO 2 ) ) 3 4R 55, (5 - HEFLBREE K,
BT e A AT, $E T T R ORT 2 K
I ATB R, 1 B T ULRAE X85 304 1fT - S N ks A
TR AR A E FA SR, — 7 TIN5 ) YA T Y 45
TR, 55— 7 I ad b 2 A 3 A = R )2 B9
GO RSB SY 45 SR — 3, BB (< 0.002 mm) Al
> 0.25 mm KE M RIA S =5 IR EFA B E K
A SRR (K) B RFAHE, AL, R 24480
& A A, B R T KRR
PR, PECE RS T S YRR A LR A
FARR 240, foft AL 107 A 00 A 4 5% B0 BT s O B R RN
TNRRGE . — 5 T, HIE TR AR R A | 2R
YLLK > 0.25 mm KFPEA RIKIGAE S5 55—
TET, 11559 1 A3 2R ] B - AT SR AR 1 i
B (WSS A HLERSE) A BE AR, AN T A4
HRZR [ AR R, I 0 3 RN T A AR 2R XK 43 i
RE 710, 33 AT R 2368 AR 5 Hb 4% T R ORI 2%
AOF-BEE N, HIEABHR | BIMBE R, WATK
R (K,) E W EE R Z —,

2) Rl gt - S nl hvk K (H AR . R Bh
LR K B IR AR, B T
LB EE , AR5 T AR R I A K R ET, 5
AL ML, IR T A Y38 B A A 16 2R BT,

FIWE A BEVE S C R, W T E A K%
SIS W80T T A O R T A I AR
SR, JE3 56 I S R B2 00 43 Ff AL 08V 0 25 T B 2
AR, CIEN LA RN B AR, A
B F 145808 R B 5 8 0, RIS IR L
B, o R SRR B BRI T R YRR AR,
S AR T ORI BT A D, RN
W AP R 3 BRI AN KR (K,) 39, (475 14
AL KN, SR T K RN, X 3
TRE, BRI S P VI 4 R — 3, DA
BRI UL S0 3 4 98 AR X AR AR R 10 2B R R 3
LU0 G5 3 DL K JEI 3 0~80 em LA P 1% 1338, SR 5l Hb 2L
BEIN KB 2 e E Y, T A KA A BAR Z
AR SZ 1 2485 5 [ (4 I 7 A AR I 7P 2 e, Hh BT
Pif, Hilh Rz e S iR Oy X5, B
JA EFRAR R PRI, (AR R B IEAN 75%, T
TR, R PR TR, FRAR T R AR R
Xif 3R 1) [ AR, B - i T R AR TE T K
MR B G e A AR, BT R VAR
JR SR, 33 AT fi S it ol bt SR T R i 1 R P L5
TRV BT, 3R e KO P B R 2 —
AHFFE 0 R B, BRI AR A ke 34 5 HEAR
TR P e 25 SRAR) £, TR B+ HERT b K (59728
fba# b 5 ZHENG 5P i e 4 A — 5, %k
1, 296 A B RN AT K (AT % R
HASL IR BE AL TR % IR A B RRIE I 2, Bk
R T 1.12~2.13 %, SR HIRE, 248008 dE PR,
B X AR R B AU L KRR, — Ik
TR A5 R T AR AR bR Y 70%, B2 8096, iy 4 43
NBIEFETR . M KR - 5K 2 [ A B AL i) S A
BEOA R LN BT EL TR Bk i sh K
KA A A, BEIN T KA BUR i AR . BERN & ZERT,
— 7T, A AT, DR | BN, BAT
KU 7 AR AR, TR DX B - 3 T N
KRR SR S K M E T, — 300 G 3
T [7) Y4 T YA 43 3T B8, L 28 1 A ] b 3 A% 1T TR 2
— WA B T A 44 ) R OR A KRR TR
2, R EEAT FRAH A FAMA B B R N 5 Z 2R
P Y — 7 T, SRS A )k R U T 4
(R FLBRZE A, 530 - LB EE Rk o3 A8 ()3 3 B 2%
B, HE R T R R 3 A
[] - - K S (R 38 st B R, B85 T R T 142
Tl RE, MR T 26 J2 A HERURL % b VB, 1 A%
T2 e R IR AR JIURL RS ML S5 76 TR ) AT
BERZ I, BT HRE T HOETERIRE T35,
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AE TR N ATl KRR, X A AR N E 2599-2612.

B R S AT ke KA AR TR R Y
BHRHZ —.

SN A T, X 8 8 X [ SRk
AR SRR Bl B4 4E K DX A AR 0 ) )
PRAE, 7675 18 B RS Ab S H: A 3R TRy (1)
MR S —, IR BT R IX R K R B
MW 1.6 m LAN; 55 —, BRI HER = 1X
o7 $4 155 W 2 5 1) 7K A 900 e ARG A 45 A 5 2R —, T3
13 TR VR B s I DXy SR BN TAB S i, 25 T el +
BEFLBREEA, DATORG 1 45 13 A B R, A R
TR TR TR By 1) b A7k R 3R

5 & i

1) TCi K B 0 Fh 58 B 1) R sl 4, + I A B
35y i ) (8] 79 A8 A6 52 B0 B AR (0~ 3 min). ¥ A8
(3~60 min) X FaE (60~ 110 min)3 ™K Bt i 8h 4578
flasd As TR0 pR BRI HE T 1 498 A8 3 3R 110 T A
A, RICHEE 0~10, 10~20, 20~30 cm i B 244511
JKFEBS A3 B8 127, 129, 226 cm I}, SR 5l Hb 2 4%
KB KA B BRSO AT K

2) KB RN K E 27 A B v A A
ABHR, BRBERE. WHTKE (K) % EAB
FEVE AT Bl KB B SO0, P33 IR AR IR Oy 38.14%
48.64% . 60.63% . 31.16%, IZRL NV il K 3 1 54 4% 55 &
F14) 348 A R I 28 8 7K ST I 118 i /) T 448 55 A A D e
(0.05~0.1 mm) 5 +3E EFAB & LA FKE (K)
S IE ARG (p < 0.01), KL (< 0.002 mm) Al
PUB 5 1 REUA B & AR T KR (Ks) R
ERAA (p <0.01), > 0.25 mm 7K FaPE A B (A 52 5
FHAR (p <0.05).

3) IR A BRI T i K (AR IR L
REIHER T 1.12~2.13 4%; J T ¥R s 1
4 HE AT b M K(E G TR A & B 2 B 0~ 10,
10~20, 20~30 cm 5 B 44 Y KT HE 25 40l 90,
127, 157 cm B}, 2R 2 i 24 4% 7 45 R J) Bl L 498 vl ok
PRIV FEATE O, ATAE Ry BT il R 2l
485 B XK LR IAEUEBH X
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