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3T (WFX-120) #HATIR, L4554, Si0,:
642.4 g/kg: Fe,05: 39.4 g/kg: ALO;: 127.8 g/kg;
CaO: 11.0 glkg: MgO: 11.7 g/kg: K,0: 20.4 g/kg;
Na,O: 13.6 g’kg; MnO: 0.8 g/kg; TiO;: 6.3 g/kg.

B RAEN LRFATIRAS, WL 10 mm 67, Hpl
K 60cm, TE30cm, ¥ 20cm, TIEEAHGE (F
) #EN 116 glem®, &K N 205 g/kg.
1.2

S A I B BRI LU AR Gent K2l fhillid
(T i A 7K Sk SRR R R 2, S b Ay v [
N AR Bt L AR S T BT B R AT ST S 30 % . AR
P AL M DX R R AR i 3 PR TSRS : 604 90, 120
mm/, B AR I, IR 1 he %5
BRIERE: 1000 15°, 20°. 25°. 30°, 7 LAl
H A F SRR AR T o AT AN R Y 3 S5 4
AL, A 3R, Jh45 M. PRI
I, ARG 10 min 45— BB 1 UM, K51 h
PR 6 AN B T 8 L BRVE VD Ja AR, e 3L

I TS I B P ST S B AR TR
PLEEINR . I Agilent ICP-MS 7500 2415 BTl 55
BRFES I Ky Nay Cas Mg, Al. Fe. Mn 3t 7
FloC 22 AT S S0MA Ars AR 2 A0 Y2
12 ZRE S AT, B 3 K.
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T3 S R R N [R] BOAR [T, Bk (i A2 v
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~7 A LA H UL K. Mg Fe. Mn 2HUR U1
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PR, A R R AR AN S — 3. R 10°
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o HE, WEREINE] 120 mm/h B, 7ESUKH
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Fig. 1 Effect of slopes, rainfall intensities and rainfall durations on K losses Fig.2 Effect of slopes, rainfall intensities and rainfall durations on Na losses
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Fig. 3  Effect of slopes, rainfall intensities and rainfall durations on Ca losses Fig. 4 Effect of slopes, rainfall intensities and rainfall durations on Mg losses
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Hp L Ca Wik Bk, K. Na. Mg. Fe ik
B2 AT Al Mn Uik, Ca. Al 3R & 59
UG TN S B W e, XS A
I RAFAE S B R R MWK 1 Hal LA HAE N5
— BRI T —EAAE I 7 Bl H B TR S R A
HKI

Table 1 Hourly cation losses

[ESEE W K Na Ca Mg Al Fe Mn sy
(mm/h) ©) (mg) (mg) (mg) (mg) (ng) (mg) (ng) (mg)
60 10 11.50 113.32 580.45 4533 68.83 0.47 0.93 751.08
15 11.90 72.56 619.64 11.74 13.12 0.65 10.75 716.48
20 2.18 87.61 374.00 28.56 17.46 0.58 11.07 492.94
25 2.90 76.19 330.81 23.56 47.13 0.58 5.41 434.05
30 233 71.25 381.81 25.90 69.00 0.81 12.75 482.10
90 10 23.60 153.63 949.45 79.38 29.01 1.28 26.45 1207.35
15 21.23 124.97 1047.23 57.26 39.36 1.02 24.65 1251.71
20 21.76 168.67 1091.28 79.43 19.19 1.26 23.70 1362.40
25 17.50 172.95 1121.37 61.17 24.92 1.29 26.94 1379.28
30 24.84 170.66 1116.01 73.01 25.62 131 26.28 1385.83
120 10 16.99 207.68 617.83 144.53 40.88 0.34 31.53 837.37
15 26.13 47.93 678.23 108.88 135.10 0.97 30.45 862.14
20 24.94 46.35 847.04 100.19 67.64 1.80 32.10 1020.33
25 4428 344.30 2054.66 163.43 83.25 3.38 36.11 1340.06
30 23.86 71.61 637.97 128.25 88.93 1.44 28.88 1314.12
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7E 60 mm/h [EFNTSRIE T : K. Ca JLEMIA R
TEFEREm T R R, 7R 15° IR
Tt oK, L Bl I (3 N 2k F AT k2l s Na,
Mg JC 3 TR RAE 10° I 5K, 78 200 I kZ; Al
TEYERE 10° BRSO, L b A 3 P (39 N
REZWHM; Feu Mn JCE MWK EIEA G —
B, VIMRRARRBOR, G REAE R, e
FE 30° it 2k ik B i KA. Na 78 HEh 2 R E
A, FT DAY B AT IA B BRI K s Ca HUAR
LR S Ebg L, HERSW RS, Rk
e K E IS Na 22K, Al. Fe. Mn —KAE
J675 TR L AR B UIE TP ATAE, AR )
IR RN PRI T, s IR RRL TR A S, Ik
SOREBSC T3, I DATE B R 5 i N Bt 2k s A 3
Ko

7E 90 mm/h [EMSRE T : K. Fe 7E3 5 30° B
RN, Fe iR FE 1218494 Na. Cas
Mn RILE T8 1F 25° B RERO, 30° K
Z: Mg ALY SILESEE 20° F1 15° 3 B3 2% B 1) 4
KAH. FFR7I0HE MR RIEEHRR AL A, KT W
5% 60 mm/h Z51F T IR B R i

7t 120 mm/h FERY5EE F: K. Na. Ca. Mg
Fe. Mn JCZEWALEIEE 25° Wik B9 2k & i Kk
B, 10 AVESE 15° IR Bk, L RImMAE
N 90 mm/h FERY RIS U i d K
1H.

TP R T, S HERIAR 3 7
WRE 10° 44, Na. Mg. Mn EIE T8, bEH
TR B T NI R s 1, 120 mm/h Bk B KA,
K. Ca. Fe 7ERI51 4 90 mm/h I [R970 2 il Bl K
{8, T AL {E 60 mm/h B RTEAT 3K S i B KA . 7
WRE 15° 44F, K. Mg. Al. Mn Bfi5 w48 )88 0
REBWi %, 1 Na. Ca. Fe BJERI5E 90 mm/h
I I8 B R T NAE . 7RIS 20° R 30° 46 4F T, %
TG FR UL R B AR I 52 R R I — B A, K
Mg. Fe. Mn 3452 30 tH bifl WY 389 0 (10 3B 398 34, 1
Na. Ca 7E 90 mm/h Wi RER K, Al 7EHE 20°
N 2 S B R SR I B O, AR 30° 1 90 mm/h R
MR R 25° 44, K. Na. Ca. Mg.
Fe. Mn it 2K 535 B W S 38 i 4, AL RIasa ok
AR, FEMHE 120 mm/h N HAT B AE, Ui
25° 45 PF T BH 28 1~ 2R F 52 N SR S Rk I A
BIUKEZ BN . PRI B, A

FIRY B AR R RIEH, X5 %05 ek
E R A e M B O, A ERIe R —
Wit
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IR T8, ) MR — B T Rl
MR FRYCEAE 1 h NIRRT BT T A G
PEO T SRR, 5 BH & 2 T A P R,
7E 60 mm/h FENYSERSE R, K. Ca Z[RAFAEMETE,
I RN 0.974, Na. Mg 2 [fik 5] 0.896; 1 90
mm/h FFRBRE R, Na 5 Ca. Fe Z W) IEAAG, 4
KZHB NN 0.998, 0933, 5 Al Z Al AL, M
KZH49-0.920, Ca Fll Al 2 [HIAHK R ECH-0.924, Ca.
Fe Z [A] 1155 2500 0.909; 120 mm/h AR HEEE T,
Kl Ca+Fe Z [H] B AH G R 200 il 15 21 0.953 F10.948,
Ca. Fe Z[Ali5%] 0.921, Na. Mg 2 [F] 0 H 2 H 11)
AN, AHIE R BN 0.942, Ca. Mn 2 [H]1% 5] 0.920.
—AEBLT, Al AL E S B IC RS R A, JL
JRPRZ ALFE B3R Z AW S WA, B 5 E
BN T HEWEsE, bkt Al
BT EMZ N Cay Na B TR,
2.6 7

JL IS T) B P W SR AN BE R AR IR P IR U R S
AN B2, HAFRIRACIT 5] B P A3
SRR H IR MAREA KR FWRRHEE
(IR0 R AR TR 7 e R AR,
1117 FLE 53 47 i A AEAR S . DAERF e g™
ORI S AR AR R, MR
R 2 8 e S A I R R LA IR 4y T R )
MR ARSLIR, EAHFFERSRA R, 1 h i)
By, M9 60 mm/h A1 90 mmv/h R AR FE Y B
FE (RGN K, 120 mm/h R A% 7 52 Bl 758 32 44
TCH RO, (EAHIRI RS, BEE B R o R e
A W W R, HARIh 60 mm/h < 90
mm/h < 120 mm/h, HIEATUERALE 0°~ 30° 3
FEL A, B8 N 5 0 AR gt (1 5 i) L dze s e o 7 39
(R, (RS AR AR R GO T, W o0 B B 1
WA JOE MR E R . TS AN W 3 R R
TG E AT R AR W AE IR A3 BT AR T X —

T AHE BT E N IR 4y T R LR R,
8 K. Na. Ca. Mg. Al. Fe. Mn 7 e Z#T R
Fo WWEIL R SR SR (AR R i 1Y
FAFFIAHCK R, K 2 I THHFIBE S, A
[ e R IR A m E R R e Rw Mk B g S
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eI A R (B U 7 R
MF 2 FETLLE H K. Na. Ca. Mg. Al. Fe.
Mn )RR K B SRS R0 T, 1 60 mm/h R

ST B I A B 0 SR O R R RIS s R A, T
7F 90 mm/h A1 120 mm/h 448 F BB AH, 5%
W2 [0 )R I B Rk R

2 3 K Na Ca Mg Fe

Table 2 Regression equations for runoffs and losses of K, Na, Ca, Mg, and Fe under three rainfall intensities

WRBEY (mg)

B (RfE X, mD

SHRAEHOr S RD

Y, ¢ 60 mm/h) 2608.20—7 X 107X, 0.948
Y, ¢ 90 mm/h) -4836.4+1.33X,—7 X 107X,? 0.920
Ys (120 mnvh) 157312—24.73X3+0.01X5> 0.921

3R 8P RN (1] 86 W BN ) B A2 008 FH 2 1
LRI A AN A (R g T, I 6] 3 T A
7 FRPHE PR RIS, 535 5 R WY I 1)
BOH RIS, AR 023 BH 252 WL H B 5 A T i
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[F) R 58 R A T P (D B I, 33 BB 1 2 5 25 BH 25 13k
RN RN, (HXFR g 1 A
o fESRE. Wk —80, FROICENR A EZI
H Bt A A T ] 7 326 389 32 S 36 I Fr i 4, I RN
RIS RI IR Py, BEAG B S D N, T4 it T
RIBWHEIN, ARk mINK, HaEonkEd
PRAE SN .

RN 3% 10 min V1 BERT 60 min - B,
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Pl 308 TR 398 O 2 00 2 A2 e b - 4857 43 AR A
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EFFECTS OF RAINFALL INTENSITY AND SLOPE
ON LOSSES OF CATIONS WITH RUNOFF

LIJun-bo' HUALuo' CAIDian-xiong® FENG Yan' ZHU Feng-yun'
(1 The Key Lab of Resources Environment & GIS in Beijing City, Capital Normal University, Beijing 100037;

2 Soil and Fertilizers Institute, Chinese Academy of Agricultural Sciences, Beijing 100081)

Abstract  An indoor rainfall simulation experiment was designed according to the landform of the slope
lands around the Miyun Reservoir and carried out with the aid of the ICP-MS mass spectrum analyzing technology, to
determine regularities of the loss of seven different kinds of metal cations with surface runoff from fields of
cinnamon soil different in slope under different rainfall intensities and durations. Results showed that when the slopes
and rainfall durations were the same, cation losses increased gradually with rainfall intensity, which fitted more K,
Mg, Fe and Mn. When intensities and durations of the rainfalls were the same, the occurrence of maximum cation
losses disagreed with the slopes, but when the rainfall intensity was 120mm/h and slope was 25° the losses of K, Na,
Ca, Mg, and Fe all reached maximum. When the slopes and the rainfall intensities were the same, the losses of
cations increased with the duration of rainfalls. Relativities were also found between the total losses of different
cations with the change in slope. For example, when the rainfall intensity was at 60mm/h and 120mm/h, the
correlation coefficients of K losses and Ca losses were 0.974 and 0.953 separately. The loss of each cation within a
duration was little related to volume of the runoff. But when the rainfall intensities were the same, quadratic curve
relations existed between hourly total losses of seven different kinds of cations and volumes of runoff with the slope,
and the square of multiple correlation coefficient is bigger than 0.9.

Key words  Rainfall intensity, Slope, Runoff, Duration of raining, Cation loss



