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Estimation of agricultural non-point source nitrogen and phosphorus load based
on rainfall-runoff and landuse types
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Abstract: Dongjiang River is one of the important drinking water source areas in Guangdong province, and the nitrogen and phosphorus losses from the
Dongjiang upstream have achieved much concern in recent years. A small catchment of the Shangwan River basin, located in upstream of Dongjiang River,
was selected in our study. Using the monitoring dataset in 2011, the parameters of runoff and land use types were derived from SCS model and land use
maps, and the “runoff-land use type” based non-point source load equations were constructed using mean contents and output coefficient for the elements.
The nitrogen and phosphorus losses of non-point source were then assessed using the constructed equation, and meaningful results were obtained in our
paper. In 2011, 97.32% of nitrogen and 98.05% of phosphorus loss came from non-point source pollution in rainy reason, and the influence of land use
types was larger than that of topography. The mean simulation accuracies of nitrogen and phosphorus loadings for single rainfall event were 84.78% and
81.06% respectively. Cultivated land and settlement were regarded as the main source of nitrogen and phosphorus pollution area. In 2011, the estimated
nitrogen and phosphorus loading were 48923.4 kg and 7189.3 kg, respectively. The non-point source nitrogen and phosphorus loads from these two areas
occupied 84.20% and 58.54% of the total for the study catchment.
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1 5|5 (Introduction)

Ak RS Y S5 ey LA I A L B A T
AL T R KA (Lane et al.,1989) , T
HOKMR T YL 42 HOAR IR 2250 M Aol 3R 25 05 TS Je il
WA SRS G, HL AR R 55 TS Y e E R
( Corwin et al.,1997; Thorburn et al.,2003) , H.rf1,
R B AE &SRS G B RRAE TS G4 ¥ ( Carpenter
et al.,1998; Weld et al.,2002) .45 K2 XF Ak S I8
AWK 2w B (TS5 2009; % 5 4
2010) 7t R MLEE ( Flanagan et al., 1989) | %5 [8] 5 i
P (Gao et al.,2012) GEFFFE (IS, 2007 ;4%
ANBREE,2013) |75 Gt Ak (e K 45, 2008 5 Bk 1
5,2013) 4T TR EMBESE, Hodr, JE TS Y
AR A EBR T AR (4255 ,2012) AR AR
PR T5 e i ALY O by ) B e T T AL K e 3] A 2%
HIHL KA B AGNPS . AnnAGNPS . SWAT . WEPP 4%
PR EL 5 0 ) 3z b o 1 Rl 3R AR 5 e B 5
(Vining et al., 2001; Cho et al., 2008; Luo et al.,
2009) fH K ZBOHL A R 2 800 BoR R 5, HR
SE PRI AR AESE ) AN T (T 65,2009 T HeS2 4,
2012) . B, BF5E A B 9EREA5 A T AE AR TS G 671 o
FIAG BT IR AE A i — Be i A K 02 3% 1 E 2 RS
YLtIF i) o AR A (Wb AR S ,2012) R SR TS YL
AR5 v T S5 v B 1 (R R R, 2000) i iR &R
$01% (Johns, 1996) 43l B FHE K X (AR I I S 2L
RS> AR B o4, EA —E A
JE B2 N T IE R B RS A A T AR A
T G B At B AR T P P 2 A g [ o) SHe AR O
IS EER | HN %) s ) RUEE % 2 [ 31 1Bl A B
B, ARG AR BEAE 55 R A B ) AR A8 R T3 R
-l AL AR SR K X, TF R A R ER A T AR
b AU TS Yl B far BF 5T, B — L T AR - b
257 (A e R ORI T G A A A R 1, DA R ARl
A SRS YR B S K.

2 HFRXMESR (Overview of the study area)

EEW IR (114°56719.17~ 115°3/33.3"E , 24°3'
39.0"~24°8"49.2"N) fii TJ" ARA KRB L 58
N, s AR 89,15 km? ) i A VT — 2 S T E VLAY
U 5 I B A AT 2R KUK AR 20.7 C
SEPAHRNRE R 77% , F-HIRE R i 2142.6 mm. ik
PO R e L, RO T I S R 13,60 i3

TS A AR B | R G 9
T 19.5% , 32 B4 e 3 35 Hh 31 J s 1X . 37 388 Y
P ML HAT — 8 P FASE, B I e PR 1 & Bk
IR K FRIE 7= A B IR K R FE ) S IR AN 5 A
T AR R TG YA Ay M

3 ##5 7% (Materials and methods)

3.1 AT B AR

WA S8 B K SC R B, SR &
A AR 7 A TSR E B A T 4 KB
R D) B F B S B 1R B IR
Ab R EER SCRIC AL R ZE A SO K AL,
Ho 540508 W1 W2 W3l W4, 322 WK 545
bR} TN TP.

o ESES
72 FHRN I LR

Bl A Rkt 22T RN LR
ol TR

1 BENSSHTE

Fig.1 Distribution of monitoring points

3.2 RFERERHMR M F %

A5 K DX K W I A, A W B B A 2011 4R
4—10 A, T Wiy B i (R Bk 15.5~41.5 mm,
FEFNETE R 3~5 h, BENIET 5 d RHREN 2R 12.0~
168.5 mm. 7£ [’ 2 1if 43 590 7 45 7K 0T W i A50R 48 1
AR FKRE , I IE S RAE B 20 I KA Tk, L
KA SR AR R I SR FH E 2R =X A8 ( 1.S25-
3C) EHF/KMZ T 0.3 m & 7F R B R 2 o, AR
Pt /KA AR A A B HER AR, I L SR A
B 220 AR K ASE 37 . 24 o T e R KRR R A SE e I, LA
BEAIKRE R A2 5 20 1) 7K A7 5 97 18 A T FH Ok A UL
T TR A K RE . 937 o T 76 45 Wa I o 2R 4 R i 9T
KA FKRE RN R IR A KRS 1A, R
k1500 mL, SR A SRS RS0 = HEF K
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A3 HT. HOKREH Y TN TP #5655 51 5% 2 e
A5 R S B RR A A -HR B BT o
FEEE AT E

33 FEREABATEMNL Y &

Ra TR BTy 7k b ) R T e ) 23 ol DR R T
VR A s R A, T RN AT YT 3 5 30 P A R B T g
Yy LT AR U8 T AR TS Y (28145 2007 ) U A5
VR e Ak Bl R K R Bl i S AL
BRI 2 22, BOR FH 2 20 (1) RIS Y PR R 7 b 35
s R IR IR A B AR . AKX (D) R
Ve Vs P 3 258 7 558 S 00 U] £ 900 37 D857 18 <L 4 3
L T K R, ) I SO 8 e K I AR A
Criai ~Cremm AL VT 38 3 X T T A AR R S B SR AR 1R T 7K K
FESEAT IR 20 BT AR B #2011 4F B4R (4 H) VR
BAE(9—10 ) [T W 55 W1~ W4 SREER 4 351K
Bof RRIVAT S 7K T B AR e i AN (1), v 5 4
AW S5 U A W R B Y A A SR TN TP 4 iy

OUT i = Cpig X Vi = Cgie X Vige (1)
K, OUT g HIR T AE AU TN TP 747 2 4
(kg), Ciy \Crxﬁﬁ%ﬂﬂﬂfﬁﬁﬁ\ﬂiqﬂ (J7) KAEH TN
TP I F- I (kgom ™), Vigge Vi 23000 W 0 B B2
PR R YA T R T T P K AR S AR (m? )
3.4 PR %

AR K XU R N 7= i 2 7T 3l 0 SCS B 3R,
HSCS HA K CN A (4237 B 2850 MR T sk ™ #4 1di
+ 45 R IEAT ARSI, SCS BRI 4 J2 CN {EAE IE Ty
TR VL SCHk (B L3, 2008) R T fRiAkI% K Hh T - 5
T3 K i X T T P 0 5 ), AR A 5T AE X CN
EIEA T Az B 0 4 3 A I 5 K 05 A B B N
H M ASHF S R Y CN (H 3 0 45 1 2 [ A
M= ae ), 5 I B R O, A R IE S
AR IS CN A ILEE 1 A3 o 5 W e i 5 B A 6
ZXUWF PR

I, =AS (2)

100
S = 254(ﬁ - 1)
(P -AS)?
0= P+(1-M)S

Q=0,P < ASH}
A, P MR (mm) , Q NSEPRRTH & (mm) ,
S MR KA % i (mm) , A AP (1) ST
E R (S) WEE, CN {H N LR NS5

P = S} (3)

®1 TEMZEMN CNE
Table 1 CN value of the different land type

Hh 2 CN fH
K H (REBEST) 65
K H (I FE 41 90
J Rt 93
2 85
M 73
b 80
IK I 100
LIS 100

35 MXERBREHATER T E

PRI R, R 25 Uk TR AR A A R Y K
i i A R A S I 8 2 i 52 € P R L IRERIC
YA SR TG G0 MR T A4S R R W 7 AR AR
T A SR INEBCT- Y0k B AR 5 B AF L 3R A%
TIPS 34 e B S DL 55 1 3k 2237 B W A9 I AR 1
WBE, W A] SR AR ST TR TS Y AR e i (R,
2000) ;

W, =["coma (4)

A, C(0) MAEN RS (kg-m™) ,Q(1) K
AR RE (m®) o F ¢, 73 50 AT AR R I 1.

i 3 R BT 20 Tl 70 AEAHIIHTEIL K
DX S i, 3 F R PE A - bR R
e Z 1A B 5% 2% 30 AR AT A1 R BT A 1 R 26
Y B A R ARE E NS, John (1996) 7555 BRI H
ARk A RO (A B T — AP e A
JZ N AT A — IR O

L = 2 EA, (5)
o NG YA m SR i - R 2 A
P2 LTS5 W) j T IZ I S U i (kgea')
E 75948 j 72 RER @ R b bR RS o g
FE(kg-hm™a™") AR i B 4 R R 28 1 1
A (hm?).
SR B T R R RO B TR B TR S
B HAE D ARE, IF B4 — 2 B BDURS BE (Y- 1
WU E AR B 2, T H I M 2 B X o
VRIS Y e G & TR B IE S5z ok
A ELOL b 52 el Al AR TS Y W 1Y i s s R G
SR DX B R BOL BN TR I 2 TR
T M AR I 22 S Al SRS e s, BR ) T AR
YR T RUBE 1 7 FH . Al 5 7 1 340 R B i B B+ R 4K
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TR BFERR b R 0 A IR T B Al 5 S RE R
FIBARWL R B WA (L RE I B P 2 e B 0% K
B 0 ARG TR BRSSP A T EL BE TR R 2 3
JEVE B s R BOE I LA B AN JR Z Ak ABIE T #e AT
P B vk 5 ) AR B B A b A L T
AR AR SRR A A A Rk

4 R 51F8 (Results and discussion)

4.1 WHAE EIFTEICR
XPRAET 2011 4F 4—10 F Al 89 4 37 A
TR A ZKAEIEAT I3 43 AT , 45 5% 3¢ B, 7 R R R 1) BBt
N ISR SE R /KRR R 83.3% YR EAE AR A 66.7% Fr) A
BEFE PR T b3 1 2K v (b 3R/ IR B i b o
GB3838—2002) . I 5 A it 3 /K Joi 5 T Ui B =F VL%
XA HARAK bR (MK T ~ M2%) MfF—E %
PR A% 7K DX il J0 D 2 T ) B g A e R L it
I LR 2 BT E SOOI 2 0 o R BRI
e A 97.32% 98.05%. ] W, | YR B TR ik K kB Y
AR AR K X2 Wl 3 R X LR AR R 32, 4R 0K
DX 7 VR SRl I 2 X T Ui K JBR 2 ) 8 O R L A AE
i B R A 72 e i 26 A% L I 3T e ) 95 e A SR
P s TS e (ML, 2000)

4000
0N

3000 F wTP
o0
2
@ 2000
e

1000

0 I I !

kg TEX TFHZH

HK K

TS L

B2 FRBERBIRAE

Fig.2  Non-point source nitrogen and phosphorus loss

L SEW LI KR (T K ) O b
Joi B M A Hb (K 5 ) A5 b S Y TR 3 0
107.03 .1722.58 4774.63 .574.16 .1736.96 hm*, V-
I BEAY R 4.6° 14.8° 18.2° 3.2° 3.9° bk  HiHh
JUT AR V30 B A 35, A b s Bt T Ak 19 e 5 5 /).
P IR TR 25 AR K XTI K L W 75 1 5 K X B i
1T Pearson AH &4 M7, HiAH & R B 5 A - 0.84
-0.80(n=16) , B 5% Wik ) om S AR
2P Ry B R R R, R T A K A I 2K R R R
K, R I AR ot B =2 38 K BRI 9T R B, SR K IX
PR35 T 2R e o B B R R M AN 3 B R 38 R

TK 3 S I T 2 R IR Ay 4 T b 25 2 [R] A Ry
ARSI AR K DX P 35 B A R ) DX B S B S bR Bl
R N At A S 45 /0N | LR AR AR B 11 61 5
PR A R I S AR X A R T T AT
PEVE, Ja R AR b — A7 T8 7K DX 3 BE /N Y
DI, 2 X352 Nk s 3K, 3 6 2 4 1Y i 2 3t
Tl AR 9 R it (75 5 B i B b ik o 46 7K
DX SR U 2 ) 2 T U . 500 4 K DX P 30 B A /N Y
DX 3k ™ A ) RO A 2 e e T R I R AR Y X
385, PR AR A s VA SRR i S ) B DR A
42 FAEHERARNNEL

A SR TG G 7 B B AN R S ol R AU
AR R b IR i AR SRS e N R
(Z2PR A 2000 Johns, 1996) F44 87K X 7E 2011 4F
4—10 F B 4 S0 2 TR 0 AF A5 ZUBE K 1 L Hh
AR S T R MR B R AT Pearson A543
Br, 25500, R 0 Bk b T B I b i AR R
WA B AR IR A Bk B B B AR R,
H 5 R KRB MAICRE 514 0.90,0.99.,0.95(n
=16) , H 585K B AH I R 550k 0.87.,0.97
0.91(n=16) .25 AE S UG Y i FTFE A X«
P EEvL Kt RBOE” AR I MBI R
T PRI BN 25 K XA SR AR R m 5 &
S8 K IX AR I a2 R b T AL RS b TG AR A 7 [ 05
OYHT R HESE T AR - S R A A AR R
A FECR K (6) (7)), Hr, R 4350128 0.903,
0.866(n=16). % (6) P (8).(9), ¥
(D PF X (10) L (11) IR IR R E & 14X (6)
PSR (12) B2 (7)) 25 it (13) AKX
Bk g8 TN (TP ffarfli 5 L (14) ((15).
[TNT ps =0.000264% Qe + (0.7285 X Ay +

2 DIt 5L

0.1482 X Ay — 29.792) (6)
[ TP ] \ps =0.0000703% Q 1y + (0.008 X Ay +
0.096 X Ajpey + 41.62) (7)
A = 0.000264 X Q ey (8)
B =0.7285 X Ay, + 0.1482 X Ay — 29.792 (9)
C = 0.0000703 X Qe (10)
D =0.008 X Ay, + 0.096 X Ay + 41.62
(11)
A+ B B>0 e > 0
I:TN:I NPS = + ( > H Qﬁ:mu;g > )
[TN]ws=0  (Qpyw =0)
NPS 2 (12)
[TN]NPS:A (B < OE_Qﬁﬁﬁ > 0)
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[TP:INPS:C+D (C+D>OE-Q%'}%E§ >0)
[TP]xps=0 (C+D < 0 Qpyy =0)
(13)
[IND, = [ [IN] ot (14)
(1], = [P utds (15)

P [LTN] s (LTP s ) L TN ([ TP ] ) 235010 0
I 5 K DX 28 T RUBE | B I B 19 R SR TN
(TP) gzt (kg) 5 Q ey A W I A5 T 42 1] B2 7K X DY
R TR L RAR T = A i (m® ) 5 Ay, A e, 77 3 R EEIK
X PR A AT e B b A5 2R A T AL (h® ) 52, 12,50
SR FFIG I 2] ZE g2 o =0 (8) L (10) B [F T
A R AT A A L i P Ak B R AT
N EE (kg-m ™). 3(9) L (11) B[R FAE &
TR A S A < it REOL ", KA SN R
BT A o 1 R (kg - hm ™) HH B0 R OK
DX S R B b b R 428 3 A O Ao A A Rl < R
L7 (kg) . 3(6) (7)) THY Qe ZET 1T SCS
BRI (30(2) ((3) ) AKX T AHARHL.
4.3 FMAEE X F R KH K IR X AT

B 2011 4E 5—7 A1 3 U T BUE K 28
C 0| N b e ARG g B R/NS W SR R 2P
D& 2, b W A 2 LGRS A 1 A
RS S (1~4) )5 1A mes By A £y (5—7
J) 03 2 iR AR SSRGS B O far A B YN
FE35 ok 84.78% 81.06% , HiAR st Y5 U 17 Ao A 35
ISR EA —E BB . AU 28— 2
BTV & WD A 5 T Oy ARl e 5
DX /0N T 7 0 AR a2 X I o Dl
BRI DL e s S TN B A R 3X ] BB 5 24 b it T
[ ¢, 5 H J& B i A i =5 220 B, 17 H 2 Hb &

BLRAA R RS T T 46 A, % H it A S 550, i
S DX i it S 8 R/ L4 G AR B AR K IX AR U
R D, R4S BRESE R AR R R N
— MERESHL, T REAT B T4 v 6L 2R A /) B 1] RUEE
AR ALORG 2.

®2 HEAERMEE

Table 2 Simulation accuracy

e B kg HEAE kg 22
TN TP TN TP TN TP
W15 2298.2 3825 1726.4 218.8 -24.9% -42.8%
W25 1304.0 193.7 1131.1 1745 -133% -9.9%
W35 848.5 133.1 534.9 86.8 -37.0% -34.8%
W45 595.7 114.6 486.0 84.8 -18.4% -26.0%
w16 3941.1  836.5 3991.3  822.8 1.3% -1.6%
W26 2262.0 394.7 1983.2 401.7 -12.3% 1.8%
W36 1352.0  350.3 1622.3  376.7 20.0% 7.5%
W46 1594.9  436.7 1438.6  338.8 -9.8% -22.4%
w17 2160.0  323.1 21325 327.1 -1.3% 1.3%
w27 1087.2  220.0 1234.2  202.0 13.5% -8.2%
w37 872.6 115.2 761.4 1472 -12.7% 27.7%
w47 842.8 97.2 690.0 139.2 -18.1% 43.2%

WA BT ARA RIEE LS8 T A A
SRR ERAE K XN U 5 T AScdiE | 5 2011 4F I
SET LR ) 4 3 K R T B o A A AR (3) L 1
A R R T A BEAS MBS 0 7R R A DR P R R A
AR(14) L (15) A H 2011 4 F2ER AR 5
PR, W 2k 4300y 48923.4 . 7189.3 kg, Wi N IE
SRR A SR 22 3R 5.49 .0.81 kg +hm™>a™"
PR ER A R SR A T 2 R S
h103.5.15.2 g+ hm ™. Ji R A5 U5 00 S o A
Hw KSR/ (H 4 ,2004) .

WA (6)  (7) JEIF, 15 3G H T it 3 45 4
FAR SR A BRI R BRI E AR (16) L (17).

(TN g = 0-000264 X (Qypie + Qs + Q) + (0.000264 X Qi + 0.7285 X Ay = 29.792 X

A

) 4 (0.000264 X Qe + 0.1482 X Ay — 29.792 X

A + A

[TN]yps = 0.000264 X Qe (B < 0)

DL

[TP]yps = 0.0000703 X (Qypyyy + Qugyy + Qogsse) + (0.0000703 X Qyyy + 0.008 X Ay + 41.62 X

+ (0.0000703 X Qpeyy + 0.096 X Appy, + 41.62 X

A
ERE Ly op s 0)

A + A (16)

A%#hﬁ )

i+ A

AENM )

Ay + A
(17)
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;T:t':F' ) Qﬂiiﬂl A Qﬁi’a A Q7k12k N Qﬁi’a A QEE#& ﬁﬁuj‘jﬂy%i‘m‘
B KA AR | R b S b 2K A R TR
Tt (m’)  HESHE LRAK(6) (7).
FERTSCHS Y 2011 AR YR TR R 45 b 25 1 7=
A LAR (16) L (17) T8 2011 45 B2
DTS A N AN R AN e B A € NS LSS UE |
JU A H R B 2052.31206.5,41195. 3,
4096.7.372.6 kg, Bk &84 o 592.2 3481,

1933.1.,4208.4 .107.5 kg. Gty B e B 43 1
Fe VR Bl 0 DGR X, LR A VR
S ) U BIE TR AL W D BV 84.20%
58.54% KT (2) . (3) . (16) . (17) , 455 FERI%L
i 7E ARCGIS Hhxf b2 By B 2k 7 & &t 5,
2011 AR I 5 1] I 3 45 i B B Al 0 V8 ZR0m fn 1 a
FE UL IR 3, 4% M IS A I VR UM il R B S AR DG 2
HWF I BT L3 3.

TN 4y i 38 / e 0.39~0.67 3.88~8.09 "WV 22.66~24.86 TP %y 4 3 2/ 0.11~0.20 1.10~121 Vmm 1.36~7.17
(kghm™a™") g 0.67~3.88 8.09-22.66 M 24.86~28.11 (kg-hm™-a!) mm 0.20~1.10 121-136  mm7.17~-861
B3 %KX TN 71 TP HiH&EE
Fig.3 Export of non-point source TN and TP in catchments
®3 ERREBAHEELR
Table 3 Comparison of non-point source nitrogen and phosphorus export
T, — M2k R/ (kg-hm >a™!) —
N HiHh HhHh Ji R b Kk
IR TN 11.90 - 27.70 17.74 — H 4 RAF,2004
TP 1.53 — 2.26 2.10 —
RT3 TN 2.38 10.00 29.00 11.00 — X B B 45,2006
TP 0.15 0.20 0.90 0.24 —
T b X TN 2.38 10.00 29.00 11.00 — XA ,2011
TP 0.15 0.20 0.90 0.24 —
K73, TN 2.38 8.00 19.40 — 12.75 BT 245 2012
TP 0.15 0.20 1.22 — 0.36
TRYLIIS, TN 0.43 0.70 23.72 7.14 3.48 AL
TP 0.12 0.20 1.11 7.33 1.00 K (16) .(17)

FH L 3R] DNAE ST R Y DX A
B I Z R F , HE m U5 A 5 R R R A
PeFEAE P AE W B, AN AR A F R
A FEAE ASUR AU S 2 R Bk R B AR
[F) b 25 r 3 e A b ke 1) A o T R e 1 e R
KFY RN, fh 2% 3 WA, #Fb A% E A TR A
oy 1 e R ) DX B2 S PR AR R AN T M 2R AR
[7] DXl P A e U Rt A o o B AT R 25 S, X AT

AES P A BR 1T T7 2Re R it AE 1 D7 552 M sl
M5/ , T HG B 3 26 52 U R B KA 6. b SEiT i
S AR I M KR A AR TR R RN T
HE DX, X AT AE 3k 26 3 28 b T AN TRl i A= A5 T BE
Oy XA . B SENAL L T AR A EE Y K TR T
ALK B, XKIAAR St 220 A AR A, LAl
OB B, KR IR BEK PR B o BE 0 850 A
FRZRITSE DX I A bR el K A B JF TR
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P R B S HL e DX N B B SERT R N J R K
PR A0 A R SR 2 i 1Y e B2 B R T R X, kT
AE-5 DX A 396 K B R L AR 36 95 K AR T A T
FHOK Wl R 50 ve A O A, Ui s A bR 3 | 3 Y Al
R IR R L X B

5 251 ( Conclusions)

1) YRR TR L 7K IS B3 P 5 T 3 3l SR 2 2
FERVE T HE SR TE Y, FL AR AR A B R R
5 i B B S B R Y 97.32% .98.05%.

2) b SEW R N 3 R A Wl R R S AR
ARG R, HAHC R 53012 -0.84 . -0.80, 3% i i
b SN 22 () A Sy, DTS e A ) 35 BE 19 i U

3)EET AR U- M2 TR M IR AR AU
it 5, o R S 5O RE S (1) SCS A5 Y
THEAREL A T S EA — RN B, 7RI
P RUBE JE o VR &L B U B 0 R RUURS B 43 il R
84.78% 81.06%.

4)2011 4R JE 5 R AU A Wi = o0 oA
48923.4 7189.3 kg, /= Jit Y T A A A o5 U5 4L
SEEa kG SR O 103.5.15.2 g-hm 2 #kHb JE R4
SRR SR S B ) DG BRR IX, ELBE b 1 3R A
VR Wl i B 5 HL e b X Sl MR AR A A /).

Bt KA AATAFE] T Mol T i R SRS AR P IR 3k X ST
B IARIF MRS AT GG A B fe s —F R T A

BEEEEMN . EE T, X, AR, N FE R RIFRE LR
75 44 % WA %¢. E-mail: mnzhuo @ soil.cn.
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