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W58 X IRy 42 A FEA IS R Gtk 1 fr
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Tab.1 Sample test statistic

nE . RXME RAMES PRI/ bR/
G/ #ZIS;#& -1 -1 -1 -1
v (mg-kg™') (mg-kg™") (mg-kg™') (mg-kg™")
Cu 42 20.3 3.53 12.4 5.57
Pb 42 7.24 4.27 5.18 0.98
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Ly— WA A 1, o2
P —— K ARt 1, Jo i 2
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Tab.2 Soil erodibility factor K value

. ATl R K {E
/(t-hm?-MJ ™" -mm ")
AL+ 0.037 81
5 €5, ) 4 0.032 07
3 A I A 0. 028 45
AR+ 0.032 67
o 0. 044 79
e 1 0. 03293
Rt 0.025 42
At 0.030 43
) B RK KT L
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KIgE ik frgeit 83 Ly BUEE R 5 ~ 179,

(4) M SEYERHAF C

C{HFEH 5+ A IR M A 30543
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Tab.3 Vegetation and crop management factor C value and soil and water conservation factor P value

AT A M Bi AR 4 K B il fE i KK
c 0.018 0. 150 0.327 0. 187 0. 122 0. 001 0. 000
1. 000 1.000 0. 498 0.010 1.000 0. 300 0. 000
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Tab.4 Soil hydrologic group (HSG) type of different soil types
IS4 4] (HSG) 2 R K RRAE
£y S
JKSC A HELH (HSG) 267 Ei/]\/\“ﬂ}%u”/(mm-h’l) -+ 4 5 b
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B(EEK) 3.81~7.28 B4 b+ PR e o e
CEABK) 1.27 ~3.81 W RIE 1 [ T
D (A EK) 0.00 ~1.27 it O+
5 EHERARTHBAABRIYC, A Cu .Pb fE4 H A2 AT ¥ Cu 5 IBCR B 2 A
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Fig.4 Bincheng soil erosion
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Tab.6 Analysis of soil erosion simulation results

H TR iR AR 2/
B (t'hm_z'a_l) (t'hm_z'a_l) %
R A 2.98
Ly s 2.66 0.32 12. 04
i e S0 T 2.43 0.55 22.64
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Tab.7 Comparison of soil heavy metal concentration

in different land use mg/kg
FE—— T IEHE 4R Cu T iEHE SR Pb
rig g Jo A
B bR 10. 60 5.52
i 18.10 7.24
1% At 17.10 5.44
TH st 20. 30 7.13
K 8.05 5.14
A b b 3.53 4.27
it 11.70 5.93

X BRI R T IR XN T B 25 R b R
FAZE R T F AU 2 xS+ 2 F o &R 1)
HERL DTRRAS R o BRI Z A6, D25 8] 43 A 19 1 BE L A
Bt S AR B i, A3 A A R R T T A
b K S50 AR b ) T 4 R O L A2 B B RORE BE R
3.2 TEEMEBHNESESTHEAN

IR Y 153045 A AR i 25 5 R A
i ) FH 2 B ) - 398 R 4 S T P T R, A5 A Rl
AR Dl R T 4 S VS Y B g o, S5 SR gk 8
No

M8 I LIFE M, B4R Cu bl + 3942 h iy 1)
5 Y A R T P S [ A b R 28 B 4
J& Pb Fl Cu B - 5= h 1) i 3 o7 R0 56 A — 3
B TET R Y 2 b R 4 JE U5 s O A e, DA
Vo, LYK AR R R, K R b e B/ (H T
i AT AT A = 1 N L YRR Y 7 R
Toff B3 B AR ML B R, Bl as BT
2493.40 kg/afll 1 298. 45 kg/a, 1] V5 Ak Hb 7 i
e ) i ) I g e TR - R (R L T
I ZF A8 ARt 07K o8 6 T 55 4 U8 10 ey o B 8k
F ey DTk /N e BRI, — O TH A A k2 AR
1 07 N i e w22 B e RS T A = T B BV M R
T I VE FE 5 53— T B ook T U ¥ G ke 3] A A



)

GRR I 5. BT GIS/RS AN [) + i ) FH 28 Y 8 4 I 1 55 ot b &%

129
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Tab.8 Heavy metal pollution loads from soil erosion

-+ MR R e o - - v —
Hm o (thm2-a-") i o Bfi it/ i Bfif i/

(kgehm%-a™") (kgea™") (kgehm%+a™") (kg-a™")

AR 39957 5.88 0. 062 2493.40 0.032 1298.45
L8 22075 4.55 0.083 1821.34 0. 033 728.53
A3 52 i i 19 192 1. 64 0.028 540. 64 0. 008 171.99
TH 10 788 1. 40 0.028 306. 63 0. 009 107.70
K b 4928 0.51 0. 004 20.52 0. 002 13. 10
EEg ik 4218 1.90 0. 006 28.39 0. 008 34.35
LS 1337 4.94 0. 057 77.34 0.029 39.20

VA A AR b 0 K 6 T AR R A B 0 Bl
- R i LR Y A S T L B A A
3.3 WRERBHNESEESEAT

R AN TR] A sth ) 2 R0 1) b 36 4% 0 o 0 A, 45
G TEESEIE LT RE SRR, A S
DL AN (] A i 1) T 256 780 i 47 by 3 A58 O o 1 1) o 42
TGP, QR 9 IR . X T Bl M R AR W A
Cu 75 G By 5t , AN [7] b b ) P 28 780 44 e G f s 1
KNHEIT Ay - B > g AR > A2 F > T st >
KBl > it > A7 Mckb . Pb B b 42 3 7 AR B R

fir i 5 Cu FEASHIRL, HEF o - BiAR L > Boith > ¢
FHM > T A1 > K G > A Ak > B, ik sE
L E R 3R DX/ I S8 25 b - Hl A S A e B
Hby A% i i i A EE 4 J8 Cu A P Y5 4 A7 far i DA
VR b A Y DT R B O, A AR A 5 1 0T K
AN o R R AE A BIE 5T XA S5 AR b R R 2
i TR A o 7l N = i S R R R
SYATREE T M, L 4 Jm 1 B e, DT Y
T S P b A i b R A O Y T 4 R T g

B 4 o

R HMRERFHNEEESLEATE
Tab.9 Heavy metal pollution loads from surface runoff
Cu Pb

-+ 3t 1 AR/ b FE AR AL/ — - — -
ST hm? (m*a 1) R REL/ Dikin=v4 T R R/ R,
(kg-hm~*-a™") (kgra™") (kg-hm~*-a™") (kg-a™")

i ik 39 957 1.76 x 10* 0.008 3 330. 52 0.002 4 95.21

il 22 075 1.08 x10° 0.0157 345. 67 0.003 5 76. 48

155 il 19 192 0.95 x 10° 0.0150 288. 36 0.002 6 50. 74

TH 10 788 0.57 x10* 0.0190 204. 95 0. 003 7 39.82

K 4928 0.25 x 10* 0.007 2 35.65 0.002 6 12.59

A bR 4218 0.19 x10* 0.002 8 11.99 0.0019 8.02

i 1337 0.07 x 10° 0.0102 13. 69 0.0029 3.84

3.4 ESEFEATTEAST

R AT HTRE 2 Bhas AR U R 0 4 R 5 G S
faf , AN 10 fFrom o BEKIX 2012 4 Cu £175 4L 1 fof &
K29k 6 519.13 kg/a, Pb 3475 e 1 fif 5 K249 N
2 680.04 kg/a, AS[A] (1) £ A1) A 25 K S A
0T VA S 1 4 JR A L DT RO, 2 b A A
FHE A 1) 3 4 R R TS G B T O e 38 5 Sl
80% s AHEL 2, /K 58 M FN A bR b B o A B 42 s
P far s B BT BN B 5% . REERHAE T
JK & Hi A BRI E 4 R B A LG R E R, B+
A oy o R b AR A DR R 5 , AR L o R UL, TR
T U /0 - T2 T ) S PR R R M e AL BG4 B fR
K PR BE TR A R TR K R T sk
A7 T AR ) A T Y SR e

K10 EEEFERLET
Tab.10 Total heavy metal pollution loads

Hpm Cu v e s HAE Ph 5 BT

4 H R beE S E- U e 25

Esp it/ Qs i/ G RT

(kgea™')  (HEHI/%  (kgea') A HHI/%
bk 2823.92 43 1393. 66 52
iy 2167.018 33 805. 01 30
5 Fl 829. 01 13 222.73 8
TH s 511.53 7 147. 52 5.5
7K 56 Hh 56. 17 0.8 25.69 0.9
FERN:iA 40. 39 0.6 42.37 1.6
i 91.03 1.3 43. 04 1.6

4 g

(1)Pb Cu 2 B 4 5 43 J Jot & L {6 A6 A
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(2) WP ¥+ e 2 il o 2.98 t/(hm® -a)
5 1 S K STk AR BT i R 2K Sk S {E
() AF X5 22 43 B K 12, 04% F1 22. 64% o i bk 1 4%
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H 4z )8 Pb FlI Cu 5 Y 071 fif 1 24 0 5 b o5 5, {H 2 Fif
A A T Y AT RO e 2 D MR b R R o AR L
ZT AR Hb R K R b T 4 S T g Y A A

5 G G4 ST/

(3) AR 3t 1) T 26 TR 49 3b R A8 O 72 A 3 1
£ 440. 47 ~528.22 mm Z [A], 5 {3 P 2 [ 0K & 1
XS R 220 7.89% o MU FRARF ™ A 19 Cu (Pb 1) f
H DR B A R R, A bR DTk AR /)

(4) L5 3 T iE 2 Rl 48 e A B 6 R 5 e A
Ffar, FEIMX Cu S5 Y g 290 6 519. 13 kg/a,
Ph 75 e 0 fif £ 294 2 680. 04 kg/ao AN [A] ) 1 M
A ZE B vp 0 0 3o T 4 Js 95 Gt b STk B O B 2
A G PAC 3t A L K 3 e A A g D

10

12

15

& % x Wt

M, TR AR IR IR R, S B S OK R TV M AR RIS P R AR ST (D], Aol TR 4R ,2009,25(5) <183 - 191.

Zhang Yan, Zhang Zhigiang, Zhang Junqing, et al. Estimation of non-point source pollution load in Tumenxigou watershed of
Miyun Reservoir[ J]. Transactions of the CSAE,2009,25(5) :183 —191. (in Chinese)

XUME 3¢, 47 AR, 2505 5. 6 T th 2R BB B 10 b st b AR T P85 e AN LT ] Rl AR AR ,2011,27(7) .7 - 12.
Liu Yaqiong, Yang Yulin, Li Fahu. Estimation of pollution loads from agricultural nonpoint sources in Beijing region based on
Transactions of the CSAE,2011,27(7): 7 —12. (in Chinese)

FRFE RS A PO TR XA s IR QR S A A B (0] K R L 444 ,2012,31(4) 1131 - 138.

Li Jiake, Li Huaien, Dong Wen, et al. Estimation of non-point source pollution characteristics and loading in Xi’an urban areas[J].
Journal of Hydroelectric Engineering, 2012,31(4) :131 - 138. (in Chinese)

WRitg e, B2 B, Ea A, % WL AR SR A B i S ds e R AT (], ROl L2441k ,2012,28(5) :213 - 219,

Chen Haiyang, Teng Yanguo, Wang Jinsheng, et al. Pollution load and source apportionment of non-point source nitrogen and
phosphorus in Jinjiang River watershed[ J]. Transactions of the CSAE,2012,28(5) : 213 —=219. (in Chinese)

L), B, A, . AR AR AR AR TR A T S R SRR AE [T ] RO AR A4 ,2011,27 (38 1) 2) <163 - 169.

Wu L, Long T Y, Cooper W J. Temporal and spatial simulation of a dsorbed nitrogen and phosphorus non-point source pollution

export coefficient modeling approach[ J].

load in Xiao Jiang Water shed of Three Gorges Reservoir Area, China [J].
238 -247.

M. P ESEE Cu Cd Zn Ph K LT ASEImATIE D], F & .95 &K% ,2008.

Je R WS SR S e PR XS L S R R S B AT A A T e A A AT [T ). Rl DR 2, 2013,29(4) -
157 - 164.

Environmental Engineering Science,2012,29 (4) .

Long Tianyu,Cao Huailiang, An Qiang,et al. Spatial distribution of transfer pollution absorbed phosphorus load in slope farmland of
purple soil in Three Gorges Reservoir Region[ J]. Transactions of the CSAE,2013,29(4) :157 - 164. (in Chinese)
O UG SRR BRINAE 56 T T BCHE R ) R RO i T X G R R TS e A R R R [T ). BB RL A AT ST, 2012,25(2) ¢
207 -211.
Mao Feng, Su Kuizu, Kang Jiating, et al. Research on heavy metal load accounting in mining areas using improved export
coefficient method[ J]. Research of Environmental Sciences,2012,25(2) :207 —211. (in Chinese)
AR R — I A G T VR TS U B A I R R S A —— AU M B RS e I ) ] KT R S
W% ,2012,21(9) 1112 - 1118.
Wik, MRz, e, 55, 55T L — THIA B8R 5 2 K 3 AR sl P75 Qe a5 ) or A R AR [T ] ROl T2 24 4k, 2007,
23(5) :62 - 68.
Shen Tao, Liu Liangyun, Ma Jinfeng, et al. Spatial distribution characteristics of non-point pollution of Miyun reservoir areas
based on L.— THIA model[ J]. Transactions of the CSAE ,2007,23(5) :62 —68. (in Chinese)
BEFIZL, B AR TE. TR TS gk b RO R A S R [T ] A A2 2% 7K ,2009,28 (4) ;755 - 761.
Xue Lihong, Yang Linzhang. Research advances of export coefficient model for non point source pollution[ J]. Chinese Journal of
Ecology,2009,28(4) :755 -=761. (in Chinese)
Je KA, XU, 2220, 45 GIS 19 5% W T U 3 W B 285 SR 0 e S mr BT ST [ 1] S A UK 2% 24 41,2008 ,30(3) :87 - 91.
Long Tianyu, Liu Lamei, Li Chongming, et al. A GIS-based study of the pollution load of adsorbed nitrogen and phosphorus in
Jialing River Basin, P. R. China[J]. Journal of Chongqing Jianzhu University,2008,30(3) :87 =91 (in Chinese)
WA a4 e e MR AR T A PR BCR BT ST [T, K R $F24 4 ,2010,24(1) 61 - 64.
Yang Yuhong, Yan Baixing. A single extraction coefficient for phosphorus from soil to runoff[ J]. Journal of Soil and Water
Conservation, 2010,24(1) :61 —64. (in Chinese)
LM, XA, % R E R R T A AT S (T ] RO MLAR 41z ,2013,44(9) 156 - 61.



) TRREE 5 JET GIS/RS AN [F] - 3th A1) 1 258 B 4 Ja T 595 e LL 45 131

Wang Shengwei, Feng Juan, Liu Gang, et al. Periodic analysis of seasonal variation in soil heavy metals[ J]. Transactions of the
Chinese Society for Agricultural Machinery,2013,44(9) :56 —61. (in Chinese)

16 Ih L ZE U VB, 55 LU AR AR IR T AR ok g s () 43 A AR B 18T B 7 BRI SE (1] K R AR AT 5 ,2010,17(2) 28 - 31.
Ma Liang, Zuo Changqging, Sun Meng, et al. Spatial characteristics and simplified empirical models of annual rainfall erosivity in
Shandong province[ J]. Research of Soil and Water Conservation,2010,17(2) :28 —31. (in Chinese)

17 FESCHH TR S0, 2280, 45, 5T GIS Rl USLE By =V JR L SER il E 3P4 [J]. T 5 X B8R 5 37855 ,2008,22(9) : 112 -
117.

Wang Wenjuan, Zhang Shuwen, Li Ying, et al. Quantitative assessment of soil erosion in sanjiang plain based on GIS and USLE[]].
Journal of Arid Land Resources and Environment,2008,22(9) :112 = 117. (in Chinese)

18 WA, IE. KT LA ACH B Kk HEAT B K EBTSELT]. K L REEIEAT1999,6(2) 147 - 52,

Liang Yin, Shi Xuezheng. Soil erodiable K in east hillyfields of the southern Yangtze River[ J]. Research of Soil and Water
Conservation, 1999, 6(2): 47 —52. (in Chinese)

19  van Remortel R D, Maichle R W, Hickey R J. Computing the LS factor for the Revised Universal Soil Loss Equation through
array-based slope processing of digital elevation data using a C + + executable[ J]. Computers & Geosciences, 2004, 30( 9 -
10) : 1043 - 1053 .

20 TR, THESC A AN R 45 USLE BEAY e 4 5 PR T 08 R B AR R ]. K L ARFIE AR, 2001 ,21(4) 16 9.

Ma Chaofei, Ma Jianwen, Buhe-Aosaier, et al. Quantitative assessment of vegetation coverage factor in USLE model using remote
sensing data[ J]. Bulletin of Soil and Water Conservation, 2001,21(4) :6 —=9. (in Chinese)

20 RSO, GIS SEH R 1+ B R — LT PR A LR S W[ J]. L AAVEIREEAR 1999, 14(1) 162 - G8.

You Songcai, Li Wenqing. Estimation of soil erosion supported by GIS—a case study in Guanxi Town ship, Taihe, Jiangxi[ J].
Journal of Natural Resources, 1999 ,14(1) :62 —68. (in Chinese)

22 AL, TR AR LR TS R LR IR [ T]. h K R4 ,2011(10) 44 - 47.

Jing Guanghua, Yu Xingxiu, Li Zhenwei. Summary of study progress on soil erodibility [ J]. Soil and Water Conservation in
China,2011(10) :44 —47. (in Chinese)

23 AR, T2HE  XIAETHE, S5, YT 520 XK [Al 38 K R RS A AR R AR AE 2 A [T, Al A2 4% 4Rk ,2012,28(6) 1120 -
125.

Jing Guanghua, Yu Xingxiu, Liu Qianjin, et al. Characteristics of soil nitrogen loss under different intense rainfalls in Yimeng
mountainous area| J]. Transactions of the CSAE ,2012,28(6) ;120 —125. (in Chinese)

24 Wu C G, Li S, Yao X H,et al. Quantitative estimation of vegetation cover and management factor in USLE and RUSLE models by
using remote sensing data: a review[J]. Chinese Journal of Applied Ecology, 2012,23(6) ;1728 - 1732.

25 Mishra S K, Singh V P, Sansalone J J, et al. A modified SCS — CN method: characterization and testing[ J]. Water Resources
Management,2003,17(1) :37 - 68.

26 Bosznay M. Generalization of SCS curve number methods[ J]. Joumal of Trrigation and Drainage Engineering,1989,155(1) :139 —
144.

27 Mishra S K, Singh V P. Validity and extension of the SCS — CN method for computing infiltration and rainfall-excess rates [ J].
Hydrological Processes,2004,18(17) . 3323 —3345.

28 VAL AN, K R AT UIE YRR LR (1], KRR 2004,15(1) 129 - 34,
Xu Jiongxin, Sun Ji. Effect of erosion control measures on sediment delivery ratio[ J]. Advances in Water Science, 2004,
15(1) :29 -34. (in Chinese)

29 AL W E K. HIBTIRENTE G R AR PRI [T]. RALIFE AR, 1992,11(2) :66 - T1.

30 EE IR AR IR] . K ADK RS R, 201221 - 22.

Estimation of Heavy Metal Pollution Loads from
Non-point Sources Based on GIS/RS

Zhang Tianjiao' Liu Gang'® Wang Shengwei’
(1. Key Laboratory of Modern Precision Agriculture System Integration Research,
Ministry of Education, China Agricultural University, Betjing 100083, China
2. Key Laboratory of Agricultural Information Acquisition Technology, Ministry of Agriculture,
China Agricultural University, Beijing 100083, China)

Abstract; Heavy metal pollution caused enormous risks to human health and ecosystem. In this paper,

soil heavy metal concentration was determined through sampling from different land use types in the
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watershed of Binzhou. With DEM data and remote sensing image, the main routes of pollution from non-
point sources, i.e. , surface runoff and soil erosion of different land use types were estimated based on
SCS — CN model and RUSLE model. The precision of the model was validated and analyzed and heavy
metal copper (Cu), lead (Pb) pollution loads from non-point sources in the watershed of Yellow River
were estimated. The results showed that big differences exited among the soil heavy metal concentration
background values from different land use types in the study area: in industrial land, mining land and
grassland, the background value of Cu and Pb was high; in woodland, the value was low. The total loads
of Cu and Pb was about 6 519. 13 kg/a and 2 680. 04 kg/a. The variation ranges of heavy metal pollution
loads from soil erosion were large as well; the values in sparse woodland and grassland were the highest;
in woodland and irrigable land were the lowest. The value of heavy metal pollution loads from surface
runoff also differed greatly: the value in grassland and sparse woodland was much higher than in woodland
and dry land. The research could be used for further analyzing the characteristics of the transfer of heavy
metals, studying the heavy metal loads from non-point source, and adjusting the land use structure
reasonably.

Key words: Heavy metal Non-point sources pollution Pollution load Surface runoff  Soil erosion
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Evaluation of Regulated Deficit Irrigation Performance with Saline

Water Based on Principal Component Analysis

He Xin' Yang Peiling' Ren Shumei' Cheng Manjin® Zhang Yiqgiang’  Jiang Guangyu'
(1. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China
2. Institute of Water Conservancy Science Research of Inner Mongolia, Huhhot 010020, China

3. Water Conservancy Research Institute of Bayannaoer, Linhe 015000, China)

Abstract: In order to find optimal regulated deficit irrigation scheduling with saline water for better oil
quality, higher yield and safer management of high oleic oil sunflower, a pot experiment was conducted
and the principle component analysis method was used to establish a comprehensive irrigation quality
index of saline water by the weighted sum of different evaluation indices. Then, this index was applied to
evaluate and analyze the performance of saline water deficit irrigation effect. The results showed that
comprehensive irrigation quality principle component obeyed normal distribution significantly, and
included 93.29% primordial quality attribute variation information with better representation and
objectivity, and thus it could be used as the overall oil sunflower regulated deficit irrigation with saline
water evaluation index. The critical concentration of saline water for oil sunflower in Hetao Irrigation
District is 3.5 g/L., and the most suitable period of water deficit is the floral initiation stage. When the
concentration of saline water is low (less than 3.5 g/L) , the regulated deficit irrigation with saline water
has less effect on the yield and quality of oil sunflower. When the concentration is 3.5 g/L, irrigation
scheduling with mild deficit(80% I) in floral initiation stage and 278.28 mm water amount during the
total growth period should be the optimal irrigation pattern for saline water of regulated deficit irrigation
with the coordinated yield and quality of oil sunflower.

Key words:; Saline water Regulated deficit irrigation Principal component analysis  Oil sunflower

Irrigation performance  Quality control



