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Abstract: Although previous studies have focused on the coefficients of nitrogen and phosphorus runoff loss and the amounts of ni-
trogen and phosphorus loss from vegetable fields, there is a lack of research examining the dynamic process characteristics of nitro-
gen and phosphorus runoff loss from vegetable fields. In this study, we investigated the effects of rainfall intensity and the combined
application of organic and inorganic fertilizers on the process of nitrogen and phosphorus loss from vegetabel fields in the Taihu Lake
region. This study was conducted to provide scientific evidence for preventing and controlling nitrogen and phosphorus surface pollu-
tion in vegetable fields in the Taihu Lake region, where rainfall is frequent, and the amount of runoff is high. For this purpose, we es-
tablished two intensities of field-simulated rainfall (55 and 110 mm-h™") and set the following five fertilizer treatments: no nitrogen
(—N), no phosphorus (—P), application of pure chemical fertilizer (N+P), combined application of organic and inorganic fertilizers
(1/4AMN+1/3MP), and application of pure organic fertilizer (MN+MP). The dynamic changes in the concentrations of each form of ni-
trogen and phosphorus in the runoff over time and the total nitrogen and phosphorus runoff loss under different rainfall intensities and
fertilizer application treatments were monitored. The results revealed that compared with N+P treatment, the 1/4MN+1/3MP treat-
ment reduced the initial runoff production time by 7.0 min and 5.3 min at 55 mm-h™' and 110 mm-h™' rainfall intensities. During the
initial 25 min of runoff, the total nitrogen concentration of runoff among treatments fluctuated between 5.5 and 25.1 mg-L™', whereas,
during the 25-60 min of runoff, the total nitrogen concentration of different treatments fluctuated between 5.3 and 14.0 mg-L™". The
highest total nitrogen concentration in runoff was detected in N+P and MN+MP treatments at rainfall intensities of 55 and
110 mm-h™", respectively; and 1/4MN+1/3MP treatment reduced the total nitrogen runoff loss by 21.9%—44.7%. During the 0~35 min
period of runoff, the total phosphorus concentration of runoff in different treatments fluctuated between 0.31 and 3.20 mg-L "', where-
as during the 35—60 min of runoff, the total phosphorus concentration of runoff in different treatments fluctuated between 0.35 and
1.60 mg-L™". The highest concentration of total phosphorus in runoff was detected in the MN+MP treatments at both assessed rainfall
intensities. Compared with MN+MP treatment, 1/4AMN+1/3MP treatment reduced the total phosphorus runoff loss by 65.4%—-69.0%.
In summary, the 1/4MN+1/3MP treatment applied in this study can prolong the duration of the initial loss of nitrogen and phosphorus,
with initial periods of 0—25 and 0—35 min being identified as the key periods for controlling nitrogen and phosphorus loss in runoff,
respectively. Moreover, the combined application of organic and inorganic fertilizers was found to effectively reduce the runoff loss
of nitrogen and phosphorus.

Keywords: vegetable field; simulated rainfall; rainfall intensity; combined application of organic and mineral fertilizer; nitrogen and

phosphorus loss; surface runoff; non-point source pollution
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Pt T ALK 2.52x107 hm?, 7t SR TR A 42.2%" ¥, iR ALRE K BE 7, B 48, IR B A, AR
TR Ml DX SRR R e SR AR K, M TR it M B Tz o B P AN S it S T A i Rl i K
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FEZET AIEAT o M3 4 Ok 8 R 58 198, + 5
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227 gkg ', 1.61 gkg ' 1 100.45 mg-kg ', pH (H,0)
6.25, T HEF K E 33.0%.
1.2 R4

PN g B AN ) G O N2 W I W B
g AHLE (—N) FARHEE (—P) %, S 4l fLIE (N+P)
FHHLIHUICEC G (1/4MN+1/3MP) Fljita 244 BT (MN+
MP), BB XF BB AN, ol 4y 3 AN Ab Bt &, #E A TR,
25 Kb PR A it P i UL 1. e FH B Ak RIS R
JIE 435310 kg DR 2R 0 3k Wl R 805 5 vt FH 1) A AILAE Ry R o A
MLHE, 3243 &0 9 N 2.3%., P,05 1%, K,0 1.6%.

AN A 30 m’, ANX K 6 m, 5 S m, REAREE 3 ANE
&2, 3L 154N X

I T 2023 4F 7 H R IC MR SO e, R
FHZE AN N TSR TR 2R 45, o F T i R 4L e T 2%
BTN TR, 2R E R ZRE 0 . KA.
PR W UEAR S AN HK RE RN RS, vl
T PR S Sk AL AR R g oA R R R, T AR A N
o 55~475 mmeh ', B2 BB 80%. 18I I AL 4
B PVC B AR RN I AR L, £E 45 /NX N
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FEE T A2 T LI 45 X, BRAR A £ 30 em, 75 H #1720 cm,
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Table 1 Nitrogen and phosphorus application rates under different treatments kg-hm™
e N P,0;
Treatment aif HHLA LA ait FrHLRE LA
Total Organic nitrogen Inorganic nitrogen Total Organic phosphorus Inorganic phosphorus

-N 0 0 0 200 200 0

-P 500 0 500 0 0 0

N+P 500 0 500 200 0 200
1/4AMN+1/3MP 500 125 375 200 66.67 133.33

MN+MP 500 500 0 200 200 0

2 4b FEA AR ARy 348 kg(K,0)hm ™, 7 7K 25
P[] 77 P e 25 /N XM ) o X8 T 2023 4F 7 1 FF
JE R H B [ 2022 4F 11 7 AR iZ AL PR T L Rl 2
g HHSMEW A 3K (Lactuca sativa), &R B
FH A E 55,

R Al 177 A7 A T e TR R it R 250 TR 4 L, 45 it IS
Ab BN H 1 B 24 BN AR B, 43 Bk 55 AT 110
mm-h ', B D34 1 he
1.3 HRR&ENE

TR0 TE T 46 e W B 0 SR ) 40 DD B, 77 0 S g sk
KR, TEE WG 5. 10, 15, 20, 25, 30, 35,
40, 45, 50, 55. 60 min 437l 300 mL IR A 510
RIKKE, TR W HoR AL 12 METKEE. =
60 min FEFI1S 1E, JR LR 74

Bt TR AT 5 A /N DX Fe <SR A L, SR AR 6 N AT Y
0~20 cm T HERE A, TR & 5 R 0 1 734 B A, IE +
el FRALME BT . - pH R R I, A UK
H R 2.5 ¢ 1 HEA AL S R A -k i R A A
GMINFRGE), Bt P S B VR A 1 5 T AU
F 2 mol- L™ S AL BT IR IR 42, A A5 2 (NO; -N) XL
WK LAy SO B I, A A (NHL-N) HH 6E B

W LRI 3 A ] 0.5 mol- L™ NaHCO, i
WO, AR skl ™ A K il AR
M5E, 7K NO; -N XU K 24N 6ot Bk %,
NH,-N FH &€ By i L €8 325 DU 7 5 42 07K T 3 Pk B R
(STN) FI Al i PE S8 (STP) ff FH 0.45 pum JEAR S 985
A3 S A B R A A Ak -2 A OB BT A B R
B AL -5H W T 6 I AR R AL (TIN) AR
(TP) 43 5l S B R 40 48U 58 A0 A ot B T A
B R 0 S A - W Lh G T s s AR IR K R S R
(PN). BUki &5 WE (PP). Al TEAPLA (SON) Fln]
PETCHLA (SIN) A FH 250805 271 HARL, 315805 15433l
}7: PN=TN-STN., PP=TP-STP. SON=STN-NH,"-N—
NO, -N. SIN=STN-SON).
14 HBETESHH
A BERAREITE R
n ci+ci

L= (Vaxcicoo00wa)
A Ly NA . BT RE (kghm?), V, B2 K&
(mL), ¢, 45 i MR TR R . BEHE (mgL ), ¢y
R -1 MR TKFER . BERIE (mgL ), 4 BRI
JNX AR (m),

(1

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

268 A A A ML 2R () 2025 533 %
T BALTTIRE (%) = [HE R AL R K 2 ¢ F%ﬂﬁdigz;izilrl;;fnsity

(kg-hm™) — it R E A K & (kg -hm )]/ £ el o I 110 mm-h

Jite 22 Ak B 2 2K (kg - hm %) x 100 ) g a ab
AMF5E 2K F Microsoft Excel 2023 K 4 2F 17 5 g £ g 2

Giit 59047, R Origin 2023 44 P, R SPSS 260 = 2 2

BCOPRE AT J7 22 4 BT A Duncan ¥ 647 £ | i 2 | ¢ i

(P<0.05), aé .l b b b

2 BEREHH BN N N N

2.1 FEHEAB AR 32 F AR AR Rk RN NP NP AMNG MNP
e ALBH Treatment

A 0L B W S AR O 5 DT I B (& 1), B
BT O I I 2 =, 0B DTN 4 JE . 4B AR AR (N+P)
b BRAGT A5 P e e J, A 55 A 110 mmeh ™ R 5E R
4y 51k 6.3 1 3.0 min (K] 1); 1/AMN+1/3MP &b 347
4 7 B f K AE 55 F 110 mmeh ' R 3 R 20 90 A
13.3 F01 8.3 min (& 1), A b N+P, 2 Fft f I 3 5 R 43 1)
$EJ5 T 7.0 Al 5.3 min (P<0.05).

TE PR ol 63 T 58 BT, 4% Ab P AR U K S B (]
SRR E IR (] 2). #E 55, 110 mmeh ' fE
W5 T, PE WS FREE MW A 1 h P, B T AR
WK EZF I 1100.0~1 443.3 mL-m~ FHE 5 1456.7~
2 660.0 mL'-m~, M 2 450.0~3 750.0 mL-m” J} &5
3 530.0~4 800.0 mL-m °, 7£ 55 mm-h ' [ [ 3 R,
FPEUE 15~60 min, MN+MP &b BR7E 4B 6] 35 5 (5% 25
A1 40 min #1) (9 42 i K & K T N+P &b B, 7 B {I%
4.20%. 7E 110 mm-h' FF 580 BT, N Ab 2512 3
TR B, NP A BRAR i /K B AR IR, H—N AP Ak 3
1i% 20.76%~29.28%.

3500 -
"5 3000
E
< 2500
[}
g
Z 2000
>
=
S 1500 |
Z
g 1000 | ——N
% DE
1= N+P
&S00 —v— 1/AMN+1/3MP
—e— MN+MP
0 1 1 1 1 1
0 100 20 30 40 50

FAL BRI UL FR 1, AN [R)/ING TR R 7 ] — B R BE T 45 Ak B[]
74 5 il % (P<0.05), The detail information of each treatment is shown in
Table 1. Different lowercase letters indicate significant differences among

different treatments under the same rainfall intensity (P<0.05).

1 N[ 6 AR AL 22 70 P& 1 38 B Xt 12 AR 40 45 5 e 25 1)
Fig. 1 Effects of different fertilization treatments and rainfall
intensities on runoff initial loss duration

22 AEERLERZERRRENZME

U NH, -N ¥ B2 A2 {b an [ 3A Fi 3B i . 7E
55 mm-h ' B W 5 BB R 4% it AR b B ONHL N O AE
0.014~0.025 mg'L ™' #% 5 . 110 mm-h " [& i 58 & T,
N7 it NH, -N ¥ B2 7K - 5 AI%, ~F ¥ B2 R 0.017
mg L'y A b BE A TR 4 1 B NH,-N ¥k B2 7E 0.08~
0.22 mg-L™ 8] i 5 ; MN+MP 4t B NH,'-N ¥ JiF fifi i}
E) AR fb S A 2 T T E, B 32.0%.

23 NO, -N ¥ B AR Ak 4n 8] 3C #1 3D fif /s o 55
mm-h ' FEFRSRE R, P75 0~25 min N+P 8B NO, -N
e AR B 58S, P2 AL 25 min B[R] P23 S min Y

6000

110 mm-h!
4500 r
3000
1500
0 1 1 1 1 1 1
0 10 20 30 40 50 60

PR B ] Runoff time /min

Z AL PEE UL 1, The detail information of each treatment is shown in Table 1.

B2 7 [E AR b T8 F b R R BT X R R E R &2

Fig. 2 Effects of different fertilization treatments and rainfall intensities on runoff volume
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2005 - e N 04 r
o (A) 55 mm-h! 4 N4P (B) 110 mm-h!
) —v— 1/4AMN+1/3MP
= 004 ¢ —e— MN+MP
8 03 |
§ r
§§ 0.03 | -
E> f=} T
= 8 L 1 02 F
Yh =
<2 5 T
%002 F
e -
£ :
[ £ 0.‘1 L
£ 001
=
[=]
g
—8—8—8 885 g % 5 s =12
< O 1 1 1 1 1 1 0 1 1 1 1 1 1
~ 12 1) 55 mmh 12 rD)110 mmh
2
g 10 F 10 +
=
2 8 8 |
2 5
¥ 5
s 6 6
© S
T 5
g 4r 4
E
g 2t 2+
£
0 1 i i i % 0 1 1 1 1 1 1
-: 4 r 20
gén (E)55 mmh™! (F)110 mm‘h™!
=
2 3t 1.5
'
= &
= &
22y 10 b
#H &
% £
a
E.g 1t 05 |
g
g
2 :
§ 0 1 1 1 1 1 1 0 1 1 - 1 1 1 1
3 0 10 20 30 40 50 60 0 10 20 30 40 50 60

FEFLAT ] Runoff time /min

AL PRIEEH UL 3 1, The detail information of each treatment is shown in Table 1.

3 AREMERAEZEMERZEMNZRESR HESAMTIEANRRENZ T
Fig. 3 Effects of different fertilization treatments and rainfall intensities on concentrations of ammonium nitrogen, nitrate nitrogen
and soluble organic nitrogen in runoff

B (9.4 mg'L") M L AR 58.5%; —N.  1/4MN+1/3MP
I MN+MP 4b # NO, -N ¥ & 4 0.4~0.8 mg'L "', 110
mm-h [ B E T, & NO, NIk AR LA K
(1.9~3.5mgL™"),

eI AT A A MLER BE AR Ak an 5] 3E il 3F iR .
55 mme-h ' BENTSR T, 4540 BRAR G VT VA A HLAOR
BEAE 1.9~2.7 mg-L ' [A]J% 3. 110 mm-h ' FEFTSRIE T,
—-N. N+P. 1/AMN+1/3MP 4bBRA 7 nl i A AL AR

JEAE 0.10~0.72 mg-L™" 8] i 5, MN+MP &b 3 0] 75 P
B LAWK TR i JG 30~60 min S A 2 FRAG B, 5
P2 30 min B 48 3 ATV E A HL AR B (1.2 mgL )
HEE, 522 72 i 60 min B 7] 35 P A AL R JE G
59.0%.

W T 5 EE g 55 A1 110 mmeh™" I, 4237 7] v 2
A WUORL S AR S AW AR B 4 TR o 55
mm-h [FEFESRER, N+P AL H A AT v B A, B0

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

270

AR RO 24k (R 3E3C) 2025

#
&
B

—a— N
—a—N+P

[(A)55 mm-h™!

—— MN+MP

(=)}
T

w
T

i}
[
Soluble total nitrogen concentration /(mg-L™")

(=]

—v— 1/4AMN+1/3MP

20 )55 mmh!

A
Particulate nitrogen concentration /(mg-L™)
)

35 I(E)55 mmh!
30 |
25 b

20

B
Total nitrogen concentration /(mg-L™)

0 1 1 1 1 1

0 10 20 30 40 50

60

[(B) 110 mm-h™

[(D)110 mm-h™!

[(F)110 mm-h™!

0 1 1 1 1 1 1
0 10 20 30 40 50 60

PR E] Runoff time /min

AL HR LI W32 1, The detail information of each treatment is shown in Table 1.

& 4

AEFERAEFERBEENERTAELSR BASEN SRR ENZME

Fig. 4 Effects of different fertilization treatments and rainfall intensities on concentrations of soluble total nitrogen, particulate
nitrogen and total nitrogen in runoff

A5 URI L R v B I T () B 1 R BRI Y, 770 60
min I, FEIE N 62.5%~72.5%, 577 5 min B 485
LRV BE A, NP AR B =3 25 min B RS0 R I
K 44.1%; —N. 1/4AMN+1/3MP F1 MN-+MP 4k P fifi Bt
) AR fb e Sh BT R, BT E R 6.0~11.6 mgL ',
110 mmeh ' FEFY SR BT, 25 A0 R 0T 5 M L. 0K
A A ST Y0 B T B R B2 MN+MP>N+P>
1/4MN+1/3MP>-N; MN+MP 4t B 7E 7 3 0~25 min P
R ME RV RS U RO 2 ik B s i) B

PR RS, W E M 4.5 mg L', 7.0 mg L' Ml
1.6 mgL " [#(KF 3.6mgL "', 48mgL "' fl84mgL",
Bl 5 76 77 3 25~60 min 23818 T2 B MN+MP 4k
HAN, A A B AT A RS U A R
Bt B 18] 28 Ak R B0, e BE 4y i AE 1.9~3.6 mg L',
2.9~6.0 mg'L"' #l 5.3~10.1 mg' L' JEE N s, 167
Wi 0~25 min, T A Ab BE AR I A M R TR 5.7~25.1
mg- L [A]9% 305 7677 25~60 min, FT A7 4b BE G R
1E 5.3~14.0 mg-L ' [a] )% 5.
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TR B A5 A R 3 B A LT ML T A ) X S8 S5 b Rl 2 285 2 2 AR Y 52 0 271

2.3 7[E) i BB Ab 3B X4 R A R B A RN

55 1 110 mm-h ' & RN 3 B R 42 37 AT v BB |
TR 25 B RIS B VR AR Ak G 1] S TR o 55 FiT 110
mm-h™ B FT 3R R, MN+MP &b B 72 7 54 1 vie B it
&, E 2453 B 2.08 F11.28 mg'L ' MN+MP Uk 245
Tl R Tl ) - 240 9 B L N+P B 167.2%~262.9%; H.
SV TE 10~60 min 52 FF I8 B, B AR 0R B2 K 35.6%~
59.4%. S5 mm-h FEFNSRIE R, 5775 5 min A L,

—
S

i T(A) 55 mm-h’ —a—-N
g —F
= —A— N+P
S 08 —v— 1/AMN+1/3MP
E —o— MN+MP
= 2
[}
§ g 0.6
g
2
gi;_g 0.4
=%
<=
o
= 0.2
2
[}
g
Z 0
wn
; 5
on
£
E o4l
g
5
®e 3r
# 3
= Q9 2 b
=~ =
5%
=
[oR
2 1}
<
5
- 0
51 -1
= (E) 55 mm-h
~
g
= 4r
=1
2
g
43‘4’(% 3 F \
¥ 8
3 g 2 L
<=
&
2
a Lr
3
2
[_4
0 1 1 1 1 1
0 10 20 30 40 50 60

77 0~35 min [ T A Ak BB B Uk R B IR 30.9%~
61.7%; 110 mm-h " FA 38 BE R, 4540 BB ¢ 8 R AIG
WR /N

1/AMN+1/3MP, N+P FI-P Al M B . ki 2s
B AR B A2 55 mmeh ! [ W 5 BE R 43 0 R 0.09~
0.23 mgL™". 0.19~0.83 mgL"' 1 0.39~1.02 mgL™;
FE 110 mm-h ' B W 5% B R 43 314 0.13~0.32 mgL '\
0.18~0.57 mgL"' Al 0.35~0.84 mgL'. 7E ™ Wi 0~

0.6 r(B) 110 mmh
0.5
04 |

03

02 r

0.1 +

18 D) 110 mmh
15 b
12 b

09 r

03 r

20 rF) 110 mmh-

05 r

0 1 1 1 1 1 1
0 10 20 30 40 50 60

FEVAL A E] Runoff time /min

ZAEPRUEB WL 1, The detail information of each treatment is shown in Table 1.

& 5

T30 7t BB A 2 70 e 7 58 B X 42 T VA M S B BB S B AD SR E B RS0

Fig. 5 Effects of different fertilization treatments and rainfall intensities on soluble total phosphorus, particulate phosphorus and
total phosphorus concentrations in runoff
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% 33%

35 min, JIT /G Ab PR AE I AL v B AF 0.39~3.23 mgL
6] % 3 ; 76 77 3 35~60 min, B A Ab P SR He AR
0.35~1.64 mg-L™" [A] 45,
2.4 AEIHEAEALIE 3T ZR R BT K2R N

55 F1 110 mm-h™" B RN 5 B 0 BRI B A& 6
fiiR o 55 mmh” FEMIRE T, MR KA KE,
N+P Al 3% 1 J6 AL & A B A HE -N 4 I 94.4% Al
73.3% (P<0.05), 110 mm-h ' FEMHISRE T, 5-N M I,
MN+MP SR B K T 5 36.3% (P<0.05), Wik
AEAE S5 M 110 mmeh ' R SRE TS AR AR E
BAr, AR BRI ER 55%~66% F1 73%~80%.
F£ 55 A 110 mm-h-L™ F& FR 58 B T, N+P fil MN+MP
b BRI R A B e S R (AR L, 1/4AMIN+
1/3MP figii /b B8 B K 21.9%~44.7%.

55 11 110 mm-h ™' P 36 B 8% R AR R A 6
JIiR o 5 N+P ALBRAT HE, 55 A1 110 mm-h ' B TR 58 B
T MN+MP 12 3t S B B2 B0 2k i W 35 4 57 188.0%
H1 223.8% (P<0.05), AJ % 4 6 i B EL 2 12 40 il i
H162.2% (P<0.05) 1 40.9%. ki A #EAE 55 F1 110
mm-h ' SR R R B O B R4y, B
R K B A 61%~80% Fl 51%~67%. 5 MN+MP
ALFRAH LY, 1/4AMN+1/3MP fe /D SV 25 1 65.4%~
69.0%, {5 It 2 PR AFAE AT B A
2.5 7[E)HE AR A 2 X 4 3 Ok | 3% X BE A3 B Ak BE Y

A

T o 2 DBTA A BT A A R e R B AN [ i A Ak
HF A2 0 % 1 OO AC R BT L (5 2)o 55 mmh
R T 5 5 T, NP A BLAR 350 0 260 28 L 260 NE B ik %6 L

Il ik Particulate nitrogen [ Al HLA Soluble organic nitrogen
] Al PETCHLAL Soluble inorganic nitrogen

~ 5 - _
= 55 mm-h! 110 mm-h™!
=
2
< 4t i
g A
e}
I £ A
5 st : AB
= o
BRZ 2 B
® = B
g
3
= a
[ T
o 22
£ : a R R
Z. 0 L 1 L L 1 L 1 L 1 L 1 Il
-N N+P  1/4MN+1/3MP MN-+MP N+P  1/4AMN+1/3MP MN+MP
1 "% SV8% Soluble total phosphorus Il R A #% Particulate phosphorus
0.8

55 mm-h!

Kbk

Phosphorus cumulative loss amount /(kg-hm™)

=
=

|

—P N+P

1/4AMN+1/3MP MN+MP
Kb ¥ Treatment

-110mm~h !

—P N+P  1/4AMN+1/3MP MN-+MP

FAL BB LR 10 AR IR RS 51 3R R 4% A B 1) B 80 B D K k22 5 L 35 (P<0.035), AN [l /NG =7 R 22 7 4% Ak 11 1] ] — I 25 20/ 2 5 W 25

(P<0.05). The detail information of each treatment is shown in Table 1. Different uppercase letters indicate significant differences in total nitrogen or total

phosphorus runoff losses among treatments at P<0.05 level. Different lowercase letters indicate significant differences in the same form of nitrogen or phosphor-

us runoff losses among treatments at P<0.05 level.

B 6 AEHMEELEMEREBENARESAMBEIRAREENE N

Fig. 6 Effects of different fertilization treatments and rainfall intensities on cumulative runoff loss of different forms of nitrogen and

phosphorus
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55 2 3]

T W R 5 ¢ I T A 8 A AL TC AL TG X A ) Xt 80 S5 o Rl 20 285 U 2 2o AR Y 52 0 273

A LA AL AT it AR &b FE (1/4MN+1/3MP Fl MN+MP)
I35 109.3%~327.0% (P<0.05); Bl & A HLAL B 14k
JES A1, 4% 3t R 2 UL SRUIE Bk b RRAIG, mT i
S GRURIURE 285 R A8 T 3 2R 2 L U B ik L Al 22 AH
I % . 110 mm-h ' FERNSRE T, MN+MP 4b B A
Jo 5 21 43 A% I 2 UL RN BT R b e v, AR L At Ah 3
64.9%~1 057.7% (P<0.05). 4 AT 42 I Wk 3¢ WLk JIEL 5%
MR G (% 2) A BR, TP A N i B 0B S B AR S T 2
I RE R BT LU 34 e T AT T S . B N+P AR, 45
Ab B SR R ok A IERHRURY TR GBI (4.1%~
25.7%); Fir A AL S R HoR B ISR Y DR L)
B, 18 56.1%~60.8%; B K, UKL A A FIBE

%2 AREIHERE AL EE b 58 BE X 42

ok B BRI BT Bk 2 22, SR A RN R 7S 2 L
JEREFE- 2 5Tk 4310 20.6% FT66.1%
2.6 7[E) 7 AE Ak B X+ - 458 5 S5 o AN 35 S A Y R
TS DL A TR T, AN [) it S Ak B - 3 o 5 SR
WO S EANE 7 Bk . 1/AMN+1/3MP Ab 38 R A &
i E (55.7 mgkg ), 5 H At A B HE S 5.9%~
71.9%. MN+MP b3 NH,'-N & 5 i 5, 5 HAb b 3
AL R 22.4%~86.6%. 1/4MN+1/3MP 4t 3 NO, -N
T H A b 38 28.6%~86.2%., MN+MP Ab 2
R & B (282.2 mgkg ), o H A &b B i
90.1%~181.0% (P<0.05). 5 N+P 4bHEAH b, MN+MP
Ab B S RO S B 126.2% (P<0.05), + 3

ARV BELTTAk L BRI

Table 2  Effects of different fertilization treatments and rainfall intensities on apparent nitrogen and phosphorus contribution ratios to

runoff loss %

RERA G FARI RV BT L

Apparent contribution ratio of fertilizer nitrogen to

Ik R 548 B2

RERL G B AR I A2V BT L

Apparent contribution ratio of fertilizer phosphorus to phosphorus

Rainfall intensit hbEE nitrogen runoff runoff
ainfall intensity - — - .
. Treatment N AT B - . CIRAY SN s
(mich ) e RS et TR Wb
. Soluble total . . Soluble total .
Total nitrogen . Particulate nitrogen ~ Total phosphorus Particulate phosphorus
nitrogen phosphorus
55 N+P 53.8+l.1a 63.1+7.2a 45.6+4.8a
1/4AMN+1/3MP  25.7+8.1b 24.4+12.8b 26.5+12.3ab
MN+MP 12.6+4.0b 12.6+12.9b 11.6+4.4b 60.8+8.0 41.6+3.9 68.6+5.2
110 N+P 9.5+3.2b 3.1£2.4b 13.1+£6.3a
1/AMN+1/3MP ~ 4.1+1.1b 2.6+1.1b 5.1+1.2a
MN+MP 25.5+0.10a 30.1+3.8a 21.6+14.2a 56.1+£2.9 22.8+10.4 63.7+1.4

A Ut R L R A S B TR L (%)= 280 sl A I A 8 1 ol 2 i — A 20 sl A I A AR 3% 2l 20 )/ 280 sl S Ak A sl O 2
w100, AN[F/ING FHEFRIR Al —FERR SR E T AN R AL PR A] 2% 5% i 3% (P<0.05).  Apparent contribution ratio of fertilizer N or P to N or P runoff (%) = (N or P
runoff loss in N or P application treatments— N or P runoff loss in treatments without N or P application)/N or P runoff loss in N or P application treatments
x100. Different lowercase letters indicate significant differences among different treatments under the same rainfall intensity (P<0.05).

BT 80 1 I 775 % Ammonium nitrogen
300 I 70 + [ 4% Nitrate nitrogen

250 | l 60

AB
50 |
# £ 200 ¢ = BC
= w40 F o
oz 150 | I |
a 30
| T
100 I 5 50l
. b b a
50 b 0 H b b ab
O 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1
-N

-P N+P 1/4AMN+1/3MP MN+MP N+P 1/4AMN+1/3MP MN-+MP
AbFR Treatment

Available phosphorus /(mg-kg ™)
g3
Available nitrogen /(mg-kg™)

AL BB UL 10 ARG R4 b B A) S /] — B A5 A 28 5 .3 (P<0.05), N [R] RS - B e 7R 4% b R[] S 200 22 57 1 % (P<0.05),
The detail information of each treatment is shown in Table 1. Different lowercase letters indicate significant differences in the same form of nitrogen or avai-
lable phosphorus among treatments at P<0.05 level. Different uppercase letters indicate significant differences in available nitrogen among treatments at P<0.05
level.
E7 AEMEELETHEERNAMELBGEEE

Fig. 7 Soil available nitrogen and available phosphorus contents under different fertilization treatments
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% 33%

AR 31.3%.
27 ZERAEBREAEMWEZRSH

Xof A% Ui 2l 52 B 2 e Rt S Ak 3 S 500 A
TR, G5 8 FirR . B —Hh (PC1) FIZE —
il (PC2) it BEAE 23 11 M 36.0% Fl 23.7%, 45— FIs —
TR WA B RS BB 59.7%. FRTiK
B (RV)., {LAEZUH & (CN-F), FER5RE (RI) 142
WA S AME (PN-C. STN-C I TN-C) 54 i 4
AR L (TN-L) 2 1EAH ¢, Ud B B %5 % R 58 2 (RID)
FEIE Ui ] (CN-F) B938n, 427 M A 2 (TN-L)
o, HHEEEEE (AP). RIS TESBIKEE (PP-C,

—0.2 0 0.2 0.4 0.6
TN-L ' '
STN-Lgy PN-L 104
4r RV
STN-C 1 R STP-L rp, 1oa
S Z[eNE N-C PPeL '
< “N_PN- NOg
5 = gy
a0 = ——0
4 TP TP-CPPC
2r - .| Rr {-02
CP-F
_4 - .
| 4-0.4
-5 0 5 10

PC1 (36.0%)

RI: R FT 38 BE; RV: 220K i RT: BRI AI BT NO - 3 S
A NH,: e85 0 & Bt ON-F: AR AR Uit &5 ON-F: A3 HLAUE
Jiti FH 2 PN-C: 0URE A UK S 5 STN-C: VA P 8 UM JBE 5 TN-C: BRI
JE; PN-L: RIS ZUALJC hik; STN-L: VR B EURLJC Bk TN-L: B A A
AP: - HE LB % i CP-F: AL IE B it JH 2 ; OP-F: A7 LW N it JT) 1 ;
PP-C: WAL A5 85 J3E ; STP-C: W] i 1 BB R 32 TP-C: BB ¥R J ; PP-L:
OB ZS B 2K 4 STP-L: A M BB i 4 TP-L: BB R,
FORIXYRAL BE, FF KRR MR R o WD Sk A AR R AR
ARSI, S0 BERR/IN, ARG B Ry o SR 2R S B DL B PR R STk ek .
RI: rainfall intenstiy; RV: runoff volume; RT: runoff initial loss duration;
NO; : soil nitrate nitrogen content; NH, : soil ammonium nitrogen content;
CN-F: chemical nitrogen fertilizer application level; ON-F: organic nitrogen
fertilizer application level; PN-C: particulate nitrogen concentration; STN-C:
soluble total nitrogen concentration; TN-C: total nitrogen concentration;
PN-L: particulate nitrogen loss; STN-L: soluble total nitrogen loss; TN-L:
total nitrogen loss; AP: soil available phosphorus content; CP-F: chemical
phosphorus fertilizer application level; OP-F: organic phosphorus fertilizer
application level; PP-C: particulate phosphorus concentration; STP-C: sol-
uble total phosphorus concentration; TP-C: total phosphorus concentration;
PP-L: particulate phosphorus loss; STP-L: soluble total phosphorus loss; TP-L:
total phosphorus loss. Dots are experimental treatments, and arrows indicate
influencing factors. The cosine of the angle between two vector arrows rep-
resents their correlation, with smaller angles indicating higher correlation.

The longer the arrow line, the greater the contribution of the factor.

B8 FRmABRKZMER PCA HHE
Fig. 8 PCA analysis of influencing factors of runoff nitrogen
and phosphorus loss

STP-C F1 TP-C) Fl HLE% AL FH i (OP-F) [R] G B it 2%
(TP-L) & 1EAH S, SR AL AL B its FH & (CP-F) F1 B %
WK (TP-L) AL KR,
3 itig

Ze R MR AT B I T R B, Bt A
HILIE &b 3T 01 3t 2% HI A AT, X 5 AR b 110
mm-h ' B3 BN MN+MP 42 3 R 0k B T Ho A
Ab PR ZE R —3h ., AT RS A AL LI R
I, f2 i + 36T s TCHL-A ML A MR A SRR, 12
T RS EUR TR T 0.25 mm DR 9 141 B A e 1,
B 5 626 T 5 85 9 R, - 2 3R T A /N U, B 7 O 2K o
WBEZ . 534, = R R T R U 2k DA UL
AR E, HILE REUR R m . HEES R
$% M (Nicotiana tabacum) Fh#E 1 & Hp A HLAE it FH &=
g, R AR P R S A S B AR . R,
of T B2 G, 7= B A, b R O A A T i £
MR EtER K. AIUIEEES EEUAILA AN
F, AR o MN+MP &b BE AT 3% P A LA R R R
EAE 110 mmeh AR SR BT 35 0 T Al A B, 33X TT fE
2 SR R i T LA AR B R 2 —

AWE5E H, A HLICHLIE AL (1/4MN+1/3MP) 7¢
55 F1 110 mm-h ' FEFR SRR A9 6 R R R =/
Tt 2l Ak AR (N-P) Ak B 33 5 R ke 25 0 1F 9 45
We—. 5B ZH L, A AL ITCALAE it T
PLBEAR 34.2%~44.8% ¢ Hb 2042 Uit U 2% 4k, S ML AR Uik
W 2k BB A 39.63%7, A HLAE JCHLAE B it
REH/NTT 3% (Brassica chinensis) 7= ik 1) ol 8 1 5 FiL
Jiti A6 AE A K B9 A LR B AR AR AR A AT 3 i
(Solanum lycopersicum) ¥R 2 W) E K, 50% A HLAEEAY,
FEREAT R F AR | EARARRUR R 358 5 5 4
o A B e, R R XK 4 [ e R X R A R D T
AR . AHLICHUL B A 3 A w4t 7 )+
T ) A A R TR, AT LA A8 A A5 35 A
Xof R [ 5 AR TR 14.9%~15.3%, FF0/b T AU 4 K
K AR I, 5 55 mmeh ! R SR A LG, 110
mm-h [ SR B 0 40 0 s 4 L, B % A R R
FE R, H KR HE W, AT . 2R R AE
Qb B R 40 Al R A R (NP A EL, 79 P R R 5
T, A HLICAHLAE A it A BE (1/4MN+1/3MP) 4491 483 I
R} 4E S5 5.3~7.0 min, AR 78 R HLIEFT T 60~120
mm-h ' 5 AL A & B, 5 AR AR AT L, A HL
JCAILAE B it K ) 451 D7 B AE S 16.0%~35.1% 0 ARAFSE
o, A HLIE AR AL IE 4 40 P (1/4MN+1/3MP 1 MN+
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T W R 5 ¢ I T A 8 A AL TC AL TG X A ) Xt 80 S5 o Rl 20 285 U 2 2o AR Y 52 0 275

MP) %] 4 JJ s #44 il Ak A AL B, 5 T g5+ 5
HPE RN KA . ARIREE P, 55 mmeh ! RN
5 B T 429 NO, -N ¥k B 7F 0~25 min 119 5 AIG 3 4%
K, T 110 mm-h ™ BERTSE T NO, -N ¥R /AR
W AR A AN I . X AT REJE A 55 mmeh ' [N
ST, WU of i 2, B 2R NOS -N AR B AR
ok, B RE R T, 2B AR, W Y b AR
FH B AIG, NO, -N ¥ B 52 AS 7 B A B 34 2Y, A 110
mm-h ' [ RS BT, W I R e I BUK IR PR A
KR K, WK AR EA/E A B &, Bk NOy -N
e AL AN

ARHFFE o, it 2l HLAE AL B (MN+MP) 76 A [ [
R T Wi SRR R o 2 e AR AT Ak B, D PR T
il 2 il FH AT HIUAE A 2 s 1 ol 1 g 0 17k, i -
A AL 0 7K A, B A LS 19 B SR 55 1k o JEHLAY IE
BERRER™, Xt 5 1&] 7 Uit LIS 4 e s
et Lt Ak % 55 SRR XS R, AT 8 v T i 3 2R KL
W o ASHIF ST 45 5 & R, 0~35 min 2 72 U W e J3F 1
REAR 1 S5 B 4T, 3% 5 Zhou 25 1Y 0~30 min JE# T
SRR R AR AV 1 S B 0 A AT 9 5 SR A AL . K e
FHAPUIERS I T -3 b 0 HUBSAAR, 7T 5 3 + 0kE
G5 I 1 D G Tl P R R, A - T A O R T e, AR
it A I, K A S U AZ W K il i B AR A K R
O, BT AR R e KU Y. A ALIB AR R HE
B YEFE b S T ak, A PR BE 2 0 DL g e e
REAt, S o F i /b, 3% B A HILIE B 8 T A2 i e o
P KB R, A AR A4 U LA/, BRitia HLAE
Sl R B, A 4 e JCHLEE LA P T 2R
S S50 YICR A, A LR A I 5 R 2R S A
BB SRR, BEARXT BRI S A, AL £
B EES BN, FRBERAT, AGHAL T
i)+ 3 Olesn-P 3 fil 2 & £ ALAE Y 3 155, A HLIE
1) 7 2 it 3 T B Y R B R T B R K
Wz o AR R A= ok Al U 2K A O, W R E 25 ke A= i
. BUGIE N, BiA ISR =Y Rk
T faf FIAR I 7K 38 v T R RE e, i = v A
TURL AW 19 90 2R 35 A oG, F— 2 S BRI FLIE
A B OREAS W B R VD 2 AR K KRR, K
RIEBEFRAT LR B E R R 22—

4 it

AHFSE K BN, FH EC AR AR b 3R, SE b AT A AL
MLACHC it , 7 2 Fob 55 o 58 5 1 34 AT 4 < 428 i 400 458 B9
Af o 2 P T SR B R, AH H P P 25~60 min, FF i

0~25 min PN 5 4b B 1 4% 338 A 0T 20 B A s 7 I
0~35 min H. 35~60 min 7% 3 B 85 F 29 B 5 7R R
0~25 Fl1 0~35 min Jz& 4 il 25 Ml 0 U0 2K 19 G B s
$91, N7 7 It B 30 K Aok O BEL 4, I AT R A O XL
FE 55 F1 110 mmeh ™' FE TR 38 T, N+P Al MN+MP &b
PR SR K 1 40 il B e, 5 A L, 1/4MIN+1/3MP
b BE AT D 21.9%~44.7% BRI R TR, X EEEHR T
WA 75 U 2R R U0, MIN+MIP A B4R 3 S s o
HRE, SHAMEL, V4AMN+1/3MP 4L 3 AT 55 >
65.4%~69.0% MY B 2%, X 208 i T OB A
R
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