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Abstract: In the field plot experiment of the Chaohu Paihe small watershed, four treatments, including T1
(conventional compound fertilizer) , T2 (bio-organic fertilizer replacing 30% nitrogen fertilizer), T3(loss-of-
control fertilizer replacing 30% nitrogen fertilizer), and T4 (bio-organic fertilizer and loss-of-control fertilizer
replacing 15% nitrogen fertilizer respectively) were set up to study the effects of dynamic changes of nitrogen
and phosphorus concentrations in the surface water, nitrogen and phosphorus loss in the runoff, and rice
yield under several different fertilization modes. The results showed that the average concentrations of total
nitrogen and total phosphorus in the surface water of treatment T1 were 10.30 and 0.45 mg/L, respectively. Com-
pared with treatment T1, the average concentrations of total nitrogen in the surface water of treatment T2, T3, and
T4 decreased by 12.2%, 6.5%, 5.3%, the average concentrations of total phosphorus in the surface water decreased
by 26.7%, 15.6% and 13.3% ., respectively. The total loss of total nitrogen and total phosphorus in the runoff with
treatment T1 reached 17.68 and 1.60 kg/hm?”. Compared with treatment T1, the total loss of total nitrogen in
the runoff of treatment T2, T3, and T4 decreased by 35.0% , 30.8% and 25.5% , the total loss of total phos-
phorus in the runoff of treatment T2, T3, and T4 decreased by 16.3%, 21.9% and 22.5% , respectively.
The yield of grain of treatment T1 was 8.95 t/hm?. The yields of treatment T2 and T4 increased by 7.8% and
6.5% , respectively, showing a significant difference with T1. The yield of treatment T3 decreased by 2.2%

compared with T1, and the difference was not significant. The experimental results show that compared with
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treatment T1(conventional compound fertilizer) , T2(bio-organic fertilizer replaces 30% nitrogen fertilizer) ,

and T4 (bio-organic fertilizer and loss-of-control fertilizer replacing 15% nitrogen fertilizer respectively) can

significantly increase crop yield, and at the same time, reduce the risk of nitrogen and phosphorus loss from

paddy fields effectively. The research results provide a theoretical basis for the prevention and control of non-

point source pollution in rice fields of Chaohu Basin.

Keywords: fertilization modes; nitrogen and phosphorus loss; surface water; runoff; yield

T KR PO T FR 2y o5 R B R A R TE AR Y
30061 it A R AR R K R RS T ) — A B
Tt o NATT it FH K A A AR 7 o 1 0 A K B T Y
CAIR T S T A EE R A o 035 B N D3 R 23
1% T RS R 22 7 2t Ui o 150 kg/hm” , ZUIE F)
FHARAL 27 % ~35% , L2 Wit 2 4 90 kg/hm”,
BEAC A AL 1026 ~ 2067 @ R A W 238 i
Hu RAR U B T RV SE R AR 3G A 1 LK AR
R B R AR T g . L, Bl A B R
FE SRURAE B A I B 1k G 1) K A 3T B S 4 o) R o /0 R
{14 b 3 30 % B A M 1 R TS Y i PR AR LA B

2015 AFEFR E AL AR AR R, BRIy e 540 B
RUAEHE, I A HLIE R 43 B A AR T 1) 4t it <2 30 5% 4
AR B AR AR E HUIE RE AR HE e A ) R
W0 A A A A D R A K R 4L 1 g T b
TR = A R IR R — T R 0 % 4 R A R
pilt s 32 SR 3 o v A 2R TR [ R SR A3 SR 08 R 43 1)
TR AR R i O 0 fig £ i AR O R
62%~13% 34/ 10% LA b £ KR FAEY A b A )
AR AAEN: 1= (= B o NS B A R i1 e s R = R N = R
AT HT AW FE 1 S5 AL S % 5 0k T8
0l DX R T /N G AT L e X AR A SR A A DG
JIES 5 A P 2R Ml 9 2 S5 A O MR F 5% o DL A L LR &G
AT ARG S PR AT R G e g . IR B X B
TE VR VAT /)N 3k PR A EE oo DX T 95 ¥ 4% B Y [R) A, AR
50 3 3 P 0] 426 v 5 A () 08 i IS AR X L 3 A [
R Ak 36T HE TS 7K R Tk EE S AR AR A AR I A R R
Xof 7K e 7 et A R e, DTS 4R R A A R it T R
FELRTEAE ) 7= 4t 1) S At sk /0 S5 30 DR YT /) 378 38 1 4
WO 2 o oy B0 70 Sk A T VRS G 14 7 3 RS I UK
MR PR B R 24
1 BHRHS5%

1.1 R XER

AR T 2019455 H 13 HE 9 H 24 HER#
AR VY E S BUR AR R LSS AT . KRR
15,7 °C . o 228 K47 H BRISHE] 2 000 h, 45 -2
JKEE 1 000 mm, J& LR SR M= U e, -3
HKFE A ARIG AR A 020 em IR A AL A DI E B
fEPERT . 3 pH M 6.95. &% & & 1.38 g/kg. ik it

A& it 138.86 mg/kg, W& & 0.59 g/kg, M A
it 14.85 mg/ kg AP & 23.34 g/kg,
1.2 Rigit

ARG E 4 AR 53500 R L E A IR (TD
YA DAL 3090 AAE -+ EAHLAE (T2) . #5 2R AE AR
302 AN+ LA (T3 AW A HLIE AR 1590 A +
R IEERAR 15 % BME + TEHLIE (T4) , FA4bHE 3 A4
AL EE 12 D/ /NXK SN 6 mX5 m, 40 Af
SR FHBE B X2 19 07 20, /N DX PRl 3 O A7, L
20 cm, A 36, DL /N IXEN B 5 8. 45
JIN DX 5 BRI A a0 HE K T B AR O A AT B L AR O S
FEE N 2.0 mX1.0 mX 1.5 m, P&~ AERTEE, M
SERFM AR RUK & TR AR R, RERTKE
HEATHEAK s DUE AR T R AR T 5 HE K

RIS I R] Ry 2019 4E 5—9 A, KR & AP A I P
P 32067, A KR AT G AL 1 kB 2 K,
FAESE I 4 ¢ 4 = 2, 4% 40 35 it IE & A I L 3
G N i3 8 206 kg/hm® , T & il P, O; 151y 82.5
kg/hm” . Jr &t K, O #8132 kg/hm*, Zb# T1
e JRe Pt AR 2 8 2 A IR 4 3 Wit A L it G A1)
Jgds 42, AEF T2, T3, T4 20 51 A HLIE . 45 %
B A BILAE B 48 2 MR AR 6 I — IR it A AN R I AR
FH DR ZE#0 55+ 43 BE 01 R 4tk o 30 38 ot DR 3%, 608 35 1
Bk s 40 2 BRROAORAC — R M A A 2 BB 25 i
IR ES b 70 s BFAC A AT R BB AE it FH it LG A9y 8 ¢ 2, 7
JIE it FH SR A JERE R 2 i B R S A kb . B A
MBS & ik 25— 10— 16 A WA HUIE A B8 & 1
15— 510, #RMEABEF & i 24— 1212, ) L 8%
TR 55, S8 AL B0 A7 Tl R4 0 U kb . FH 1] SR R K 43
L MUKFEAEF IR 5 cm DL LKZ B 7~
10 KEEK 1K AEF JF R FRROKZ 2 BE R 0 J ok
P A SR T E KL SR 2 WK
1.3 HEXESUE

FERAC G 45 1,3,5,7,9 KRFEMEAK, H 100
ml {3 2% 7 B I 43 5 A4S AOR SR K EE L 25 A 500
mL (SRR R A 450 . 5% 0 R R K = A0dE R
X 8, [ 18] 3% B A9 7 7S 42 0l (Hobeware) 38 5%, B IR
A SR S ) A | 5 ol L) N VAR = R 0
IERAEH R AR K S A 500 mL BRI, KRR E S



88 KL FRF R

5 34 4

SE R UKAR 4 °C R AR AE , FEAE 48 h Pyl a2 R
W AR DR VES A SRR,

TRBE BB I A - B A A TR R O A — SR ANt
TR B A A R E KRR 2R U8 AR U8 L FH 48 FG 5]
O3 R TR E 5 S A B I 2 - KRR 2R e 4Rt 8 L
AN O BE T 0 R 5 A FH R R B 43 ' Ol BE vk
FE W VEMEBRZS 0.45 pm FLAR U8 B0 U8 J5 L 40 R 8%
A3 66 BE 0 22 5 R B P 22 sk E

TRAE 7= M W R & KRR S A 1 m® oK
TR0 OB, I FE AL B MR AE 6 7%, ik J5
TR DX A A AR AL I 9 A K DD, 0 R AL 0
25 SR R KR T 5 I TR0 B T e e
1.4 TEFENEELE

R T A28 3 S5 1 AR B AR TR R R TR O

Q=2 (C.xV) (D
A .Q WA W F M4 & B2 I i K & (kg/hm” )5
CoNS @ AR 3 AR IR /K R v 0L 8 0 i YR (mg/
L)sVORSS i RSN AR (L sn & 1458
) W OK RS2 IR T S R B
B /N BRI R R E A
R=F/NX100% (2)
FH R AR RIS R (V) F /XA BRI
Jetm (kg/hm?) s N A/NXii A B9 & B (kg/hm?) .
TR EIE 7= = A SR SRR B < -4 EE /1000
(3)
iz F Excel 2007 Ab BRECHE F-/E IR, SPSS 19.0 &
40 - S BRIE

—_ = NN W W
th O th © th

BRI/ (mg » L)

S

ﬁﬁmlﬂl\c\ﬁmlﬂl\c\%v—'m'ﬂl\c\

2 B
= RRER A/d
40 - SrEERE

—_ N N W
v O O

BIKE/(mg - LY

[=TRV ]

B

5
= SFRER [/d

G TR R R B R 3 RE B R+
PRfER .

2 gR50M

2.1 AEME#HEXTHEKRBEN ST LT
21,1 #meewadE Kk FhSLFE HE 1A
T, 2% A B T K AR R AR A A AR B,
MEREAR S S 1 R, AL FE T1, T3, T4 Ay I I 7K S 2
B 43 A BN W AH 20.47,21.89,26.15 mg/L, & S A MK
JE 43 55K B e 8.00,9.93,10.23 mg/L . 75 i H 0 J5
553 RGALHE T2 iy T 7K R R vk B L A R B Ay
BA B E(E 19.61,2.71 mg/L, 5 7 K, b3 T1.T2,
T3. T4 (S AW 4 I B (A 1Y 31.4%,44.5%,
33.7%,28.6% ., 5 1 WIBHLEMEE 1 K, 403 T1,
T2.T3. T4 1 M I 7K B U BE 43 i) ik B 37.82,
29.87,36.73,26.11 mg/L, &% & R U JE 43 B ik 2 04 {H
8.38,9.04,9.92,9.61 mg/L, %5 7 K, &b F T1,T2, T3,
T4 1) TR 7K BV B 3 31 o 2R A 1 4.5 00,215 %%,
26.8%,32.4% . %2 WGBIEJE 2 1 R, & 40 BE B Ak
JE YA B v ARG AT 2 U I8 A B i S . A PR
T1.T2.T3 MK EEMETES 5 K455k B g (H
10.53,11.09,11.37 mg/L, kb B T4 55 7 K ik |0 (E
11.00 mg/L. DL EUi B, i iR J5 1 J& P 2 4% 6 A
FH T 7K 28038 2 1) S B e 309 . R FHFE T K b A S A
BB, 29 5 R B 0.2 % ~16.4 %, B A H Ik
JEL G BRI 4.2% ~45.4 %, R H i K P
REMREE B NESAMBA.

40
a5 b T2
o~ i STEEAR o
'T' 30 e —o— g%ﬁ

=
= KRR /4
40
T4
~2 0 S
730- —— &7
_125 [ Z)E SR o BAR
éb o —— HER
{20
15
élo
5
LT SR8 R
ﬁﬁmml\mﬁmml\c\%ﬁmml\c\
= B
= SRRER 1/ d

1 EHHAKDSR BSE HEERELTL



%5 RN 26+ 7 [0l WA 2 % R0 0 2 B 7= A I 2 89
2.1.2 sefejs W @moKB R ERAHE mE 20 LIRS 9 REEARMEEE R UITEILE 9 KA

AL AbIE T ZEA A F AN, Bk B — B A T sh
PRAS AL HEE T2 jits B S5 H K BB — E R AR L
B E ARG M 2 K S, 2 i A0 5 7 K A B0
{E, AL HR T3 F0 T4 Y S wl ok B2 /e BT i FH /5 265 1 K
IR BNWEAR , SR 5 2R [ I 45 7E L B AR 1K
M it FH 43 BE AR AN AR IR J5 L A B T2, T3, T4 % M /K
SR R AR AT T T U SR PR R SR W R 1R
L AR R AT . 45 A L T KA R R T i

2.0
Tl
1.6 —— Eﬁﬁﬁ%
—o— AE
12 | RE o FRR

WIRE/(mg - L")
=

@
n

(=

B E/ (mg + L)
© = = ®
oo [ (%) [« (=]

e
»

(=

ﬁ - WV~ N = NN~ % - N I~ N
= ™
& KRR L/ d

M2 fEE Ak TR BB E T

2.1.3 FREMEEXTE@KREEYFHEE
P A% 370 ) Rl 2 0k [ i K L R L 7 — e RE B L
FE T 7K ) 60 W ke B2, AT DA SRAE AR U R A R B T
Jyt, I ER 1 nT A, AT AR AT L A0 B T A
T 7K B R 2 e BE 4 ik 12.07,8.13 mg/L. @ T
T2.T3. T4, 2R ARE:;2AEFMNLI T1 HIEHK
() B AJ - H 9k B 55 10.30 mg/L, T2, T3, T4 # T1 4%
BIREMR T 12.2%.6.5%,5.3% . X BE AL 2 T1 B A
MR B IAA I & . 3R 2 al A, SRR, b
BEOTT A H K S B F vk BEAIR T T2, T3, T4, b BE
T145 T3.T4 25 8% mMEENCIHAEE T1 /Y H 1K
ST Y BE B e T T2 T3, T4 B R 3, H 7 /K
B ERY N T1 KT T2.T3. T4, T1 §
T2.T3 25 W, WTRem R ELH T2, T3. T4 1Y
Wi A AR A — YR it A T AR BT S5 A B L B A A A
FEAC T, 490t 52 A 0, PR 45 2 B I A B R AL BT
DL AR FE T T 3 AR 30 A P T K S e - 2 e R A T He A
A B T 5 IS S0 R RS S O A TR KR ST 34 kB e T

il e P T TR KB 28 0 2 I DG A B L T R B Y
7 A AR G A — 3, LR R B R R AN T
7 Tl VA 8 55 T S Tl R O A K R U T K R R
W EBRAREEA — A TA Lz b, 454k 2 E
KRR A LI 0.12~1.83 mg/L. ¥ T /K

WE SRR ARG R E 0.02 me/LM L X i
TEREA KR A 7 W P o AT Ao — R I T = 7 98 7T i 2 3
IKAME B IR B IR AR B 20 e KU

2.0
T2
16 | —o— Bk
7 —o— T
1.2 —— R
Boaql e
0 L L L L L L L L L L L L L
ﬁ-—mml\c\v—'mml\o\%-—mml\c\
= 18
& KRR/ d
2.0 1
HAE T4
31.6 B —— B
. —o— A
#12 —r— R
B o8 | 'S 1
- A
O L L L L L L L L L L L L L L J
ﬁ-—mml\c\v—'mml\o%-—mml\m
= [
B

KHERS A/ d

HoftgbBE ., X 8RR ARG K PR W SRR
1R Tl A 2t 25 DDAH G [a] — P30 it A B i I B 22, 1 I
IR e BE B . A 16 Yk T T K A AR B A F
(B A R AN A 7 100 P T T K A ) O L R
AL EE T i T ALER T2,T3, T4, 55 i AE 4 3 e
— R AR L L B S 22 R A 231G Il R Uk 1Y
KB, 5 T1 A, T2, T3, T4 A4 H I 7K B 7 34 v
4 B FEAR T 26.7%,15.6% . 13.3% . iX Ui B &b 34
T1 M R 0 1 B A b 3

gi b, it A A A A LR AR 309
FAE R AL 30 % &L A HLAE Fings R L 25 &
30 Y0 L4 Al I3 AR 20 28 U 2k AU L G L2 A ALK
AW IS € S LT
22 AEEEREXMAKAERRR BREANZ MW
221 BAETsmmaRE MK 3 M, BNk
FEZE M T o 413.62 mm, &4 T 4 AT
o R BRI N 5 H 26 HOGER)ES 9 X).6 A
6 HGEIEES 20 X).6 H 20 HGEAEEEE 34 K .7



90

VISR PSR

5 34 4

H 23 HGE 1 WGA
I35 34.20,20.00,53.60,85.82 mm, 4 KA F

PEET = A 1

JE A 18 K ik

X 4 B A BT

BAAWEWE 4 Fra. A8 T1,T2,T3,

T4 A351% 10 781.99,9 874.78,10 768.72,11 609.99
LA T1 5 T2.T3. T4 TREER, BNKEE
B RRG 2R &R 10 758.87 L,

*1 HEKZRFEHKE P :mg/L
b R SRR A 2EEM
Tl 12.07+1.83a 15.07+0.80a 8.13+0.21a 10.30+0.77a
T2 10.96+0.59a  12.75+1.11b 7.20%0.86a 9.0440.21b
T3 10.21+0.34a 15.76+1.03a 7.51+0.81a 9.64+0.11ab
T4 11.75+0.94a 13.9940.89ab  7.7340.54a 9.76+0.51ab

TE 2 BRI (E 4 b i 22 5 R SR TR VN 'S 5 fE 3R 22 5

FEME(P<0.05),

T

*2 HEKXKEBEHRE B .mg/L
Joy: EIE M S EERE AR 2HEW
Tl 0.4140.01b  0.794£0.0la  0.3240.02a  0.4540.01a
T2 0.454£0.01b  0.42£0.01c 0.2420.01bc  0.3340.01c¢
T3 0.6240.04a 0.55+0.03b  0.21£0.01c¢ 0.3740.01b
T4 0.6240.07a 0.51£0.03b  0.2840.01ab  0.3940.02b
100
80 |
g
F 60 -
i
B 40
e
20 F
0 1 ||| ,|| L" I [||Im|]_|]|4 1 J|.L|] L1
T = O F O AN AN NO O NO~NO ™~
TRAATTAIFIFRRNIF QAR 7 7 AQ
WV N WO O OO~~~ 00 00000 DRD
RIIILIIIIIIIRISIIISRSRRSS
aagqaLfsszaqaaaazczaa
(=R e R e B e I I == I = IR e R e I = = 2R =0 — 2K == I = i e Y e B e T e i e
AN A AN A AN A AN AN AN NN NN
H#¢EE-A-7)
B3 MUEEBEERE
a
12000 @b ab
2 Foto] g’z':
10000 | [ K2 so%
e <] [
e L sy
= s e sy
28000 | R ] 5]
B
e <] [
B 6000 [ [5] Salely 525
; e L sy
joval ] ] et
I e L o
@ 4000 1 BEY
2000 | [ ] 5]
0 il P «ole! IR o' )

TE AL B J5 A [l /NG 5 B 3R 7R R 8] Ak B (] 2% S

T1

0.05), T,

B4 M|WUEPEFBHE

T3
& #

25 =
I}l LE

T5

#H(P<

222 RAABRNFERAR.BALTH YA K

B 5 ME 6l l,4 RSP, BA
FINMRRONES 4 IRV T IRVEE 3 IRLVES

g

il

i 0N
B 2R, BB

i

KA KBRS 4 B 3 I 1 IRV 2

WL IX 4 A B H 9 [% TR & 4 5l o 34. 20, 20. 00,
53.60,85.82 mm([&l 3), %W&Fﬁmi&i@mmﬁ?&ﬁ
PNOESSIMIN 8 N N =

AR U AR R R TS 1 O, A ,lhﬁegz#ﬂiﬁz
R NN R R N = G X R R o 1 aa o L1
JIES 30 ) B A S i A s i) i) B e /0 458 3 7K AP R
R B B AT AR T A R R B R . AR 3 T
DIB B EE WA TE T1 M 4 W B2 E
R BB R 240 ik 17.68,1.60 kg/hm® , i & & T
HABALEE, T2, T3. T4 W B A RHAZRA A EK T1
IR T 35.0%.30.8%,25.5% . BB BRI R
AR T1 2r IR T 16.3%.21.9%,22.5% , kb3
T2.T3.T4 MY E E AR T T 2K 4 43 ) o 24 2 it 1 o 1)
5.6%,5.9%,6.4% %% T1(8.6 %) 3 MK T 3.0%,
2.7%,2.2% , BB TR R O 5 4 ) o 24 2 it i 2 Y
1.6%,1.5%,1.5% % T1(1.9%) 2 MK T 0.3%,
0.4%,0.4% ., XUl 5t & ME &ML, AP
AHEEA 30 %0 A0 =R B 30 0 /UL EW A
HLUAE 5 4 4 B T A R A 30 %6 UMK L 24 7T A7 250 11 vk
RARVEA BB K &

9 r a
I 0 T1
_E 7 F a T2 %
;0 6 F b 0 13 -
SstIbo i3 T4 =
i 4 i ﬁ E:E
g 3 FE A -
K 2 P =
w1 =
0 — M 1 L= )

2019-05-26 2019-06-06 2019-06-20
P HE-H-H)

5 BHERREARKAT

(= a
T2
0 T3 EEEN
Bl T4 :—:"b
a a g - b
= —:—77T'r
e Bk
2 abb ab ab o [E ::: FoA
- ab [-= 1l I 5
- 11 = 1
- |'| - o
— [ - |'| - o
L [ [N L = i LY )

2019-05-26 2019-06-06 2019-06-20 2019-
= B E-R-/)

Eo6 WARZRREBRERA
M%‘% 3T LUK B B AL BN L R AR R
B AR A A W ORI R R R
Tl E%‘%?E{Li@o T2.T3.T4 SR RBRE
TR ER T1 2 AR T 11.4%0,14.4%,15.5% il 2
REBRR M A mE T1 AR T 17.8%,34.7%,
30 1% AT BRI R = A T 40 BRI T

24.0%,19.5%,9.4% , ki 2R RA L E K T1

&

7-23



%5 M

BISINEE < O Tl A A % 5 IR 0 % B 7 B4 5 ) 91

SRR T 7.9%.24.9%,37.2% , 3X & B A= W1 5 #L
JERRAR 30 %0 B B2 S ARG 30 % &R LA A ALAE

G R NE R A BN 30 0 BB A2 A RE 25 19 &
W L 2R 3 A HI DA

*3 EHEBERERRKE Hfy . kg/hm®
b B SR AR AR S LRz R W
T1 17.6840.88a 2.9140.12a 1.62+0.11a 1.60+0.13a 0.87+0.07a 0.7340.06a
T2 11.49+1.34b 2.57£0.21b 1.3340.10b 1.33+0.14b 0.66+0.08¢ 0.67+£0.06a
T3 12.2340.28b 2.49+0.07b 1.05+0.01c 1.234+0.08b 0.70£0.00bc 0.55+0.06b
T4 13.1740.64b 2.4640.10b 1.13+0.03¢ 1.24+0.01b 0.78+0.01ab 0.4640.02b

2.3 AEAMEEERKEEENZIE
MZ 4 T LLE AR BE T2, T4 (148 S04, 4
LB TR T AL T, bR S 7 A b PR
T1 4300 W E 8T 7.8%,6.5% . 4b#L T3 4 sk fE
B RN B R TR AL B T AR, 5 SOk R
W T 2.2% . 23R KB FE,
4 BENEFERAYMEZR

e FAR/ G THE/ Mgt/

(Fem?) R/ A g (t+hm™?)
Tl 185.00£5.56ab 189.93+2.33b  25.48+0.48a  8.95%0.15h
T2 195.33£2.08a  190.13+£2.80b  25.67+0.02a  9.53£0.07a
T3 184.00£3.61b 188.07+1.86b  25.30+0.78a  8.75%0.38b
T4 186.00£5.29ab 200.06+1.10a  25.95%0.71a  9.65£0.07a

3 W
3.1 XS EEEKEBRE T ER S

24 0 3T T 7KL 2 ik B A AL 9 AR — B (R
D). SR B R NG AR R E T ik 0 (L 2 b
IR )25 s 305 F e L 3676 1 1 79 6 8 1L B RA S I K
S G AR 1 P R T 2R 2 Tk 0 O
B, 3% SR/ Je AU oY — B, R e IR R 1
DAY S 7 3 S5 K HE K DAY I R R B . A
TEMLRE G 45 1 % 2 Tt kB A L 2 I 280 F W%
TR, AT L N R Z AR « S ek
I Al S e 2 R RO I T K v 2 2 2
Th i 2 22 I I 0 5975 £l » 7K o 6 4 25 20— B 4 A
R — B A Y 7 R A A B R
e A SRV B WA T e 25 R TE S L N S R 2 T B 2
S 3ok 4 R A ST RS 3SR TV 42 DR T TR K R 2
SRR BERAIE % A B L I 7K Y B VR 1 G B
0 K HEAHEB I T AT CFE 2) L BB AR S 9 K P S
S 5 1 8 /KB 22 000 0 56 G 100 3 5 15 g 1
(I 5 45 58— B, BRI M IE S 0 56 22 7k 4 0 o 2 9
HIB R T, LIRS 55 0 AR YE R T . 4% b 0 34 5
i H I 5K T 25 L BC T L e T X D K A LA
G R T PRI 2 752 0 A 1 15 220
PRV S T B R T AN T R B 2 O I A R 2L
B R B 7 4% B4R B B B T 4 o o I T A
Fe ANl FERG S L A2 BN T T K T2 400 1 7 A

B T3 1 TA Y S v B 6 SE ARt FH IS 56 1 Kt ik 3l
W, SR I ) B B HE /N 8 0 20 O 4 R AE L g
FRE MK X AT BE R 1 TEERE M A K ER R T, +
ez B op R P Bl B T — 8 A [ R E g Y
W A0 TR K e S VR R St BN e sl L A
BT1 7R3 L F I BB — R R e 5 8 K
FEASIT T AR 1) I 0 L 3K R BB Tz A BOF R
V5 0 M R A — v Pt s 2 R A P it A ST 48 L 3
HEHAS B it PR 3% T 9236 it 2 6 I K B 3R A kit A
o5 45 A= 1 F T K R R DR AR E B R
AR B T2 it 35 A T KRB e B AR R AR R AR A K
BRI 7 KA KBS, X T 6802 P o A A HLAE 5%
Oy RS GRS, DR I T i b B T2 T G K S Wl ok FEE
F14y 8 1 205 EL At Ak TV I, 56 A P T 7 A ok R A 1K
XA RESE R AE BT A L T RE S Ca®t (Fe'
AV B R e e A b, B A A Bl
i RN BE 4R b P R W O L
FA)  Hi 8 - 98 11 W A B, DA T AR TG R TR K v ) 5
J PRI 0H it A R TR 7 S o i B T B i

Jite B 43 BE AR A AR J5 , 4 B T2, T3, T4 19 H 1
K A e B AT T T e L B GBI R SR B R 1
BRI R IR . XA RE NS S T M
03 T K 2 AR A B R A R L T 3B AR B A R R R
KR R W T B of A5 2K RE 6 T K
) B 2 R ATt A R o S 3 T K gl e B T
R T S T (8 - 498 181 AH — Y8 AH b i) i 3% 3k 2008 1 7
i o b [ R ) 2% E A H DK R, B it
PREZE 0k H R FE R L AR I O T K
SRR B, KRB T1 W3 E T H A 3, %
Ui B 55l JIC i R T — P it A LG i A 4 22 Wit
NS BEINE 2 S i KUK . AR B T2.T3.T4 H.T2
P4 D T 7K 8 ST 2 e R AR AT L X AT R R A AR A L
JIES T LA M 5 - S350 8 2% 1% W 8 s /0 TR K P A T
WEE LR b 35 0 BEOH B L et
32 AEEEEXMERERFZSREARKETE

sk

A= YA HLIE AT R - e e ST R L el ek

P RN AR 25 25 1 B ) = 98 A0 7K B8 107 6 700 L AR 56



92 KL FRF R

5 34 4

H, ZE B T2 CE A LIS AR 30 26 EUIE) L 28 i EL &L
SRR R TICE R A 73 3IFER T 35.0%,
16.3%  F= @ T 7.8 %, HEr A [ B 5 25 S —
B, RIS — B B E P BT R}, 32 2R A R
5 N RL R 43, iR B> FR R M EH Y . AR
B it ] 9 2 A2 45 M R 348 in 7K e 1) A 5, T L A
1B o VR 4 e 1 AR, SR A A R IR B AR
30 % EAL CT3) L I oK 15 2 18 7= A 508 L nT RE 19 B IR J2:
AR50 v 4 2R B0 Bt B ) 5 P A S R AR T
A A SG TR NEXT KR 7= i i o2 K 2 & R
JIE 22 Vit P ml I Fii 428 2R T L 7 AR 12 46 >R FH 45 26 IE
AR 3000 AUIE L 78 BT i L — PR il AR L A 2
(18 % 43 FH AL 00 A 2R A7 R e Ol T 20l I O 1) 4
FOR RS BB R B T1 20T
30.8%,21.9 %6 , % AL B A 35 B B 7= O ROR 0 LI
R A U [ A AR 5 v 4 2 A A B K R il R
AT E X EBE —Em, & T4 L.
PR ZEAEA 30U AN 2 3 A AL B BRUR K &
B TICERE A 5 BAK T 25.5%,22.5% 77 &
P T 6.5 %0 3k Ud B AR W A HLAE 5 45 2Rk AT C A it
PR B A LS R0l T 2 o S BB 3K B — A B 7 AR L )
TR TR —E g . B T
I NE A5 e FH v (9 T it B 3] % i FH et A 5 2 Al — 45
(8 DAk 5 L R FH A0 SR A, 5 3 ot K I 3 56 9 AT B0
33 MEHERK BMRANEEZMEEZSH

BAEF WA T1 A BB R R
LI AR R & T AR T2, T3, T4, X Bt R A3
55 rp LA A ) RE 5 AR e it %o 20l 2 170 42 ) R SR
TR B AN . R i OB 2 DR AN ik
7 B SR AR AR T AR IR B R
T R AR I 5 AR K AU R Y = IR b R AR TR
5 A R L VA T T TR K R R TR K R 2
HMeBEmEZNEARS Kb EWe 2R 8N —
ASFE I PR B Y £ /0 R B M AR
(4 22 /b, DT ] 422 5 e RUR A I 4 Y U R i A OF
FECV RN R S RA WA SB K 2 D EN
LR EWN R, R R, WAKEH
Hbu T 51 A R Vb B 2 il B T K SR B S IR A I VR
8N 5 DT A 20 % 1) IRURS: 3 , R 0kt I T
J3E 2 X U I K 7 A R
3.4 TEHRE. BERENBEERE

ek TRT R i JES 2 S FH AR O B R R e IR
Rof T B R R O B R 2 e AR R E R R, A
JE FARBER B A AT s, Ny Tk gl R AT
07 224 WAt A ASE X 7K HE K A5 ) A5 3 il A T 1
AR MR . 15, Bk AR fy i e A X,

B JRA I A= Wy A LIS K 45 2% I 45 7 8T Ak A AR R

AN, BEReEE B AR i, AR A e . JL

UK BV TE B AR H O 7 it IR AT A R KR

T, 3 G it AT I 09 P 38 1 R TR R A, B R R H R

SRR . TR A B VE R e AR R R R

FET P TE 7K g B G i o A R 77 2 1 A O R R

W 7 ) R TR K ) o R S AR I Dy R R LR S T

7 24 R Y/ R L P T K A I R A BRI HE K

I, B AR T R T R ORI B I R A XU

4 45
(1) 4% A B TG 7K 280k B A it IE U 2 2

Th G W R TE 1 R 2 AR E KO, S

WREAERINC IS5 9 KB /e fik, MiEJE 1 8 WS

P 280 38 2R 1) O B B 45 01 L it IS 5 9 R PR 4 ol e 1

FEI THI 7K 5 28 9 2 11 G B st 3
()5 T1 M H. T2, T3, T4 i H 1 /K & A& F 1

W PE Y AR T 12.2%,6.5%.5.3% , M 1Al /K B

Yy B A3 AR T 26.7%6,15.6 % .13.3 % , 5 i %

W A REAH E A A HLAE R AR 30 96 AR L 5 0k B

830 %0 B A 1A LR Fn s 2k AR 25 & 8210 30 % A

JIES 12 R 3 AV P o K R0 O R 0 s L b A BILAE B AR

30 %0 AN I #3 RACR AT
(3)Ab¥E T2, T3. T4 M4 A BB R Tl

A3 IR T 35.0%,30.8%6,25.5 % A2 i St B e i

BT /AR T 16.3%,21.9%,22.5% , 331568 5 it

R IEAREE A=A LB AR 3020 AU 8 2R R At

300 FME EW A HLIE 5 45 R B BE A & X 30 %0 &UE, AT

DA ) D b 2 48 0 A R IR G
(D REFE T2, T4 AF AL BB T 43 55 3 fm

T 7.8%,6.5% ., AbHE T3 FPR = EFEART 2.2, &5

A T K R AR B A G T O A A 28R R Ak

NS AR EE T2 T4 BPA# A HLIE AR 3020 BB B

A HLIE 5 ¥R B A AT 30 0 & AR X 2 il JE 455 =X

BORE A ZHIX . T A 8 K R, Z 4R A

SRR S A5 K, HLR 06 47 BR 4 0, TR ot A o AT

1 G X BT AR S5 1 M0 — 20 I E .

5 % 3k

1] HAVKWR SRR TT A 14T S5 % F R B 42 15 2o s )
D7 BRI HE R (). /6 25 5 4 R ER B2 2 4] 5 2018, 34 (9)
788-796.

(2] BEHAE LT X0 2517 4K It A % 0 2 A 7 ik A
Al s a5 P AT 1 S (], E 2 4. 2015,
52(3):607-619.

[3] WangJ, Wang D J, Zhang G, et al. Nitrogen and phos-
phorus leaching losses from intensively managed paddy

fields withstraw retention[]]. Agricultural Water Man-



% 5 4 BB 05 R I L 54 5 I R0 98 7 ik 1 B 03
agement,2014,141:66-73. (1] /NI SRR - BR R A5 AN [l it I 15 2 W Jo i 1 it

[4] Zhang D, Wang H Y. Pan ] T, et al. Nitrogen applica- Kb 7K e T K BB IR Ak K rm R[] K R e
tion rates need to be reduced for half of the rice paddy 4% ,2013,27(4) :39-43,48.
fields in Chinal]J].Agriculture, Ecosystems and Environ- [15] S48 BEGN An] bl Bk . 45 AR [6) e 2 i A 4% 14 F &5 /M W
ment,2018,265:8-14. KRR B A 28 A L AR AR R WE 5e [T ). A2 A 3R B o

[5] LiuJ, Zuo Q, Zhai L. M, et al. Phosphorus losses via #2,2012,21(9):1561-1566.
surface runoff in rice-wheat cropping systems as impact- [16] BWfH, % L, 2=k, & 0l I 5 5 X+ A5 | ok
ed by rainfall regimes and fertilizer applications[ J].Jour- R B S ERE R S [ S 5 R M g2,
nal of Integrative Agriculture,2016,15(3):667-677. 2018,34(4) :349-355.

[6] Kopacek J, Hejzlar J, Posch M. Factors controlling the [17]  BE/NVL T, AR B, 45 K50 M X e T K
export of nitrogen from agricultural land in a large central SIASFFE AR R B IE [ ] K R FR2% 4, 2011, 25
European catchment during 1900 — 2010 [ ] ]. Environmental (4):21-25.

Science Technology »2013,47(12) :6400-6407. (18] K — A [] 1 5 s 0 4 Joi %+ 1 S0 ol 22 9 37 R AE 1) 5

(7] Z=3rte, JURGSC 3% 08 577 31 gl 1 1 2007« AR 7 e T Wi (D] BRI 470 - U AL RARB 457 K2, 2017,

R B A K T [T ] ARl BARAR RIF 5 2016, 37(5) (197 mHEE 2R . 250, 55 AN ) 7KOIE 48 30 0) 80 it J58 At
877-884. FE 9 3% A48 O R38O 0 2R 1 52 i [0 . 9 B8 B 2 2 4l

(8] & ULUE . A pE Ak, b SCF S5 A WA HLAE AE - o R A 2015,35(4) ;1125-1135.
HRBIHREZ PR RIS E R SHR, [20]  EX0p . R, 5 0 HE A HLIE D8 & X1 e X 4
2019,41(11):1378-1383. Bt S T M 0 52 e L) LK PR RR 2R 4L 2017,

(91 2@ 2 %, sk, 55 AR R ML 5 8 0 2 A B X/ 2 31(3):271-276.

ARKEF Ko w f g LT B R 24 i, 2017, 33 [21] Jafh, B € a5 5 AL R 26 Sz 5 BRI 5 4
(24):1-6. SRR B B W T BE R [T 1.8 /B A5 2 4, 2016, 27

[10] B AN EFFARKLE 7= KB 1Y b (9):3051-3058.

Tl e s, 2013,19(14) . 80-81. [22] Cherobim V F, Huang C H, Favaretto N. Tillage sys-

[11]  EZ AR R AR K Wil 23 M 7 s M4 it b A . tem and time post-liquid dairy manure: Effects on run-

A [ PR 8 B2 A L 2002, off ,sediment and nutrients losses[J]. Agricultural Wa-

[12] K385 ol g, 8 R W)t A0 07 =X F A6 & B o 2k ter Management,2017,184,96-103.

FRAELT ], b it 22 38 27 2 i CROE B 2 j0D) , 2015, 33 (23] ATF54R. mhf, D246 5 R R HE 20K - T il 32 b+ 4
(D 1-7. ARG R AR S [T] K £ AR 45 2= 4. 2011, 25
[13] M3, B3R, T8 S RRR 24 BT T WEH (3):22-25,30.
FH R0 A0 O 2R AR I B 3 = s IR i e [T Al B4 8% [24] WHELE,EZESE,. 3825 5, 5 A 7] il HE 455 20X 75 7 AR A
Bl 42.2019,38(8) :1723-1734. W B S M ] ] K 7412, 2019, 33(3) :51-57.
(L% 85 )
(14] EiH&.ZF L RKIB XKD EMmUF TR K [19] e A B3 A E 7K RIS, SL 446 —2009 M 4 XK + i
b R 5 PR B4R, 2018, 35(5) £ 389-397. REEA WA HARRRMELS ] AL S v WK ALK At A
[15] Ouyang W, Wu Y, Hao Z, et al.Combined impacts of 2009 :5-6.
land use and soil property changes on soil erosion in a [20] Gregory ] M. Soil cover prediction with various amounts and
mollisol area under long-term agricultural development types of crop residue[ ] J. Transactions of the Asae,1982,5
[J].Science of the Total Environment,2017,613/614: (25):1333-1337.
798-809. [21] XU 5. =, 74, 45 T AN AR 0L e 3k 2 1y 28 1
[16] XinY, Xie Y, Liu Y, et al. Residue cover effects on [ 5 e o R & 5 G el R o P 1 D IR O e o P S L 4
soil erosion and the infiltration in black soil under sim- 2016,36(4).:227-231.
ulated rainfall experiments[]]. Journal of Hydrology, [22] ¥ ORSHA £, oo RCEE. N T RE T 25 1F T S A1 2 35 82>
2016,543:651-658. JK SR B RIOR F 7 [T 1K b BRI SE L 2008, 15 (1)

C17]  SROEHE, X % 70, 42 7 Fe. Ml =0 N A2 40 I W WL 1y 24 9-11.

JECBE SRR T K £ AR R AR . 2007, 27 (6) - 56-60. (23] WP AR BB AT R E &  SF RAPBE S X T AR LR 1 X

(18] /K FIHBAK SC IR . B HOK R B 22 0F 58 Be. i [ 3 70 42 1 2 AR N IRy W R M52 [T ], K b AR s 4z, 2011, 31

B A MDA . b E KR K AL L, 20062 9-39.

(2):1-5.



