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Effect of Slow-release Fertilizer with Equal Nitrogen Substitution for Urea on
Runoff Nitrogen Loss and Silage Maize Growth on Sloping Land
CHEN Jiayu, LI Yongmei, LIAO Xueyuan, FAN Maopan, WANG Zilin, ZHAO ]Jixia

(College of Resources and Environment , Yunnan Agricultural University , Kunming 650201)
Abstract; To compare the effects of single urea and urea combined with slow-release fertilizer application on
runoff nitrogen loss, soil nutrients and growth of silage forage maize in slope arable land of Yunnan Province.
In the runoff trough experiment under natural rainfall, three treatments of single urea (CK), urea supplemented with
the nitrification inhibitor Instant Nortech ®21 with 40% N replacement + 60% common urea (Treatment 1) and
polyglutamate Plus 3 with 40% N replacement + 60% common urea (Treatment [l ) were set up under
iso-nitrogen conditions according to conventional fertilizer application rates in Yunnan. The results showed
that the highest reductions of total N, ammonium N and nitrate N loss concentrations were 2.59, 1.60, 1.42
mg/L and 1.61, 1.38, 1.25 mg/L for treatments I and Il , respectively, when compared with CK treatment
during the fertility period. Compared to CK, the cumulative losses of total nitrogen, ammonium nitrogen and
nitrate nitrogen were reduced by 18.56 %, 16.19%, 24.31% and 10.75% ., 8.73% and 17.08% for treatments
I and II , respectively. During the growth period of silage maize, the combined application of slow release

fertilizer treatment significantly increased the ammonium N content by 13.94% ~45.04% and 9.63% ~22.39%,
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significantly reduced the nitrate N content by 3.70% ~29.91% and 8.61% ~12.55%, and significantly
increased the soil microbial biomass N content by 22.13% ~31.76% and 11.80% ~22.81%. Urea combined
with slow-release fertilizer could also significantly increase the silage yield and plant N uptake, and improve
the quality traits of silage maize by significantly increasing the crude protein and crude fat contents and
reducing the crude ash and detergent fibre contents of the plant. Correlation analysis showed that runoff N
loss was negatively correlated with soil N content, silage maize yield and plant N uptake, soil N was positively
correlated with both yield and plant N uptake, and yield was significantly positively correlated with plant N
uptake. In conclusion, compared with single urea, urea combined with slow-release nitrogen fertilizer could
slow down the nitrification process of soil nitrogen, significantly enhance the nitrogen fixing ability of soil,

maintainthe high nitrogen level of soil, and thus improve the yield and quality of silage maize, providing a

scientific and theoretical basis for the fertilization of silage maize in red soil slope arable land.

Keywords: slow-release fertilizer; runoff nitrogen loss; soil nitrogen; corn silage

23 P A PG g 3 B s SR ) 2T A XL K R
T B b 2 BBk B 69.79060
SELTTVEY R B VR T B A 7 X ol TR
AN BHFVRAS BRI SR S P 4 - SR A R T sl
Gy AR A BT AR T I A A v ) e KK
UL T B 28 [ AL, A 85 A 1 ] s 3 88 45 35 0 i Aol
AT AN R B £ DX AR AR A R RR L 4
B R BT RS R A RE N . T S
FI AR X T HERE B AR B2 1 45 49 i, JC HOR 7E M B A
Yy b R R it G T B 2 A T A A R
)36 o A e AR A — BB A T O AR I A 2
BRI AL R 2 00 IR REZ T EL
2 FBOKBUEAL KA E IR, L, Bl R ATIE
B 2 R Bl IR Al RS e B S

T K B 75 R BE A 2 B R ) B e
b gt — A I AR o A P A NE B A — i
EVEYIE D AT o BA ORI R e ). 78
23 B L DX st AR P K B T n e i o 8, e
FAAE G B AL R X 2% ) 9% T 288 2 R, & B A A
SR OGBS it TE SR b AR A 7 S b ) L Ry
LR A E KRB LT R ITRE
S SR R R A Ok T R RIS K
VAR v A A R A5 IR B A PR AR R R A
P E 2 A G DR RS L R A RS
1715 LT LA e oA A R 2K P ke A A i SRR R
R B v R A AL AR Ty o R e B | e
) LS E SR LR A & . Y E B
A Ao AR T A A0 ) 7R s R 410 S R0 A - 5 A
TR A R A AR 38 28Ok Al R 1 37 23 I
AE J7 . B MR AE 7 B B0 A ik A AT 28 22 R I 2L G
WAL A 2 AR R
it g R UL AT DA AL N B, SR A ) A P s
SR e A A TEAIL AL o (H 23 38 e A  HLHC i 30 R

SRS T S BRI A AU S R e L R
KA AL v DO e F £k AR RmAER R
H 0 e AP AR B R AR

H T il A5 DMPP 22 BEHE XTI 2 K i 2E K F
FHAF—E iR R AR R AE F ok K E K
FEAE AU ME I 38 O A 3 R . IR
FR O 22 BEIE 22 T T a5 oK ™ B AR R AT L X
TRk R R A WARGE S R A ST AR
o) FH oK P 5 IR AR 3 ok S 3 R 2R 43 S T it 2 i 2
AL AR 5T AE 55 AR T 8 B U8 — U Al it
S R 3 b T T K AR K P AR T R R B AT g
BA) 52 TIR)  “hy YEC v 2T S 5 B b 2 20 4] ) K % P & £
b P5 AT BRI AR s A S
1 #mRER*E
1.1 I #h iR

W T 2021 4F 5—9 H7E = pd Rl K2 5 LK
BT R M Y A DA A AT . R M O
M F AR R R 25°08'19"N,102°45'58"E, #4K 1 950 m,
Wera Ay A6 v 557, 47 X< 14.65 °C, JToRa ] 249~
365 K AR K 830 mm, JE I 25 B W $4a 25 J 2
A, TV TR, W AR R 2, 00 48 0 S b 1 JR 21
18,2021 4% 5 &R S" A R AR TS N BE L 4~5 4
FREE 0—20 em #F)2 3, KR BAEP A 2R B A B
LY IRA] AR A % ) 2 T I a0 L I
B FRAME . pH by 6.22, A LT & & 18.13 g/ke. &4A
S 0.57 g/kg, B A& B 66.50 mg/ kg, B R BE S
13.90 mg/ kg, A & & 45.22 mg/ kg,
1.2 R

BEAF ORGSR B 6 57 TR IR R
(F NZ=46.0%) #7757 52® 21 (% N=20.5%) Lk
N ETRIG S 3 48 (& N=46.0%) , i B R4 (%
P,0;=12.0%) , Rk AR B #F ( K, 0=50.0%) , H
2 MERIERIAE PK TR,



40 K AR FF2E R

537 45

1.3 W&t

1.3.1 iAot R E EER 2 mm K
B, 1 160 cm, P& 80 em ., T JEZVRE H 50 cm B4R
LA, P O H TP REMEBRE, THOMET
SR 1 AN RN 22 LA KR TR AR AR R TR
b, YR R RSN A5 I A S A A 35 L B Ak R R A R
KA CE 1),

1\0 (’a(9 ]

20cm 50cm

Bl fBEERE
1.3.2 & e X Bkt 7R A& KT AH [\ A Bl
T E 3 AL CK, Bt 58 R 2 5 203 T, %S i
AR A 00 5 7 o 2= @ 21 AR 409 Y IR E -
60 V08 PR 3R s A 31, 40 B 02 T AU SR A (R Y AL 3 A%
FRBRAOVHIRE 60X HIRE . HANEHER 3
L3 9 Al AR A BEPLHES . FE P B KSR I Rh 0T
072t A BRI 1 R 2 (010 emy) , FAE
RSN 9 000 #k/667 m®, BEERE RN 3 KL, [A] 5 AEE 1
¥R ATHE N 30.0 cm, BREE N 20.0 cm, B 4E4 12 #k .,
1.3.3 zeflebwmiE g2 F 2021 45 H 27 HHEHM,
2021 4F 9 H 30 HWrak, #8805 b w A0 N2 & 43 0
FEEE 270 kg/hm?® . P, O; 90 kg/hm*.K, O 90 kg/
hm? , ZIE A B HE 6 ¢ 4, 38 AR AE Km0 9 kAT,
o g B AL (W AE B IE 4 4 Oy B AR — P it A L A
BHERE R 70 T 0—20 cm WIHHE 1 b, EXAEFH
TP R A 3 6 5 b, P A2 A SR 1) LA B AT
[i] A8 3 T A
14 HRmRXREEUE
141 #HRARE REAEMS: TKEFTHN, BKE
W= A A 12 h P A% I K BE LK 4 1 P 1 42
WAV 3R A B HE L OF A b U 2 R EOK R 600
mL, HOFEJE B L Ve HEAs . WS 0 KRR A ] 55 56
Fab g AR AR BRI . IERES . EE R
KB I BT S R T | o 22 0 R s U 5 A
AF AN A AT R SR AR T E AR M s
AP N ST BB A~ 5 AN R AR A R4 020
em TR0 SR G ORI o BT 42 B AR
KA BRAE 0 22 A [R] it AT Ak 3 1) + 38 3% 05 5 & . HEAR

FE - 7E R OR ZLECR R S5 A R R B B R AR 1
3Bk K B R K L 5 H T AR A E) S BRI AR
JE7E 105 °C &% 30 min, [ E 80 CHLT = &,
5 FB B ALK L T4 ok i 2o 0 L A B 4% I
AE 7 b T
1.4.2 WMERB 5 FFE KEEWE. %2R I E
A P K R R 25 R I 5 48 A v K AR R, 115
TR i 5 2 BRI K W0 43 A7 7 2k CB 4 DO
SR JFFV B 3 T A6 T A 55 A0 40 Dol B ik I R R
H#,f1i ] Auto Analyzer 3 High Resolution %L i 5h
AT AL (f [ SEAL 2 #l. SEAL XY — 2 SAM-
PLER) I 7 B 45 0 M A5 280 7 b 5 b 3R 488 U 3% 40 i 2K
g S T AR WO FE R GRS ROKR AR B D 5 IR AR IR
IR T 5 43V B 5 WA K AR B SR B 2

M +JreER. T EESA HMEATEM 1
mol/L iy KCLIZ 45 » [R] ARR I 22 75 % — 50 + 51k
A= (MBND 5 iR F U7 B8RV e .

R ™t A U+ T 6 A SISO ™, A T i
BEAME TG ISR 3 Bk, AR S5 S R RR B, 15 2] /N IX AR
Wyfet F AT G A T RRAE ) 7 i (o/hm®) , 46550 B0V TH]
P ™= ht . AERR & 5T A0 - R R SR HL SO, —
H, O, THAb—Z [ Fb 0 75 I , HLAR I 0 R FH R IR 2
ik P HUT:  RELR 43R FH e Ui LB % P PR VR AR 2 4 R
VUL 4R I A PR e 4 4 2 v . WK 6 K 3 331
FEZE I B e A O R O 0% S R O HL SO, —
H, O, 35 H & LK E Z0E e bk 2/ & & A
W (kg/hm*) =H & & X TE™&E,
1.5 #iEaiE

AR H % A Microsoft Excel 2019 44 3847 8¢
I8 b 350 B A4 B, B IBM SPSS #E4T B K K 5 22 4%
Br X5 22 T LG 00 0 5 1 22 S AR P AT

2 H#REHW

2.1 AEHEELEMEREEGZEREANE I
21,1 ARAMKELETER —ZAsh £1ME
2 M20214E5 H27 HE 2021 4E9 H 30 H EK4F
W BN — AR 00 . BTN R A 704.6 mm . £E
TE 68 H Y B A k22 0, 10 [R) R T R AR B R
B AT 91.38 %0 85.49% ,3 AN Ab R
SOEI R 17 . ATULE I R S R
AHOG, 7 ik e B AR 00 A AR i SR D e AN R R
BN R W RN CK> A3 [T > 40 B8 1, %8 CK
FHEG, Ab 2R T, I 48 3 2t = 4 5 s 2> 3.2500 F
2.06 %0 AL BT /% HI 803 0T g L A0 R T 4 45 Ab B
[F] 728 37 £ G W 35 M 25 5 L U AR 0 A A ) 34 3K 3
K,



54 A2 4 45 - 2 BRI 5 R0 A0 IR 3 0T I B b A2 3 60 28 O 4 R 35 I TR K AR K R i) 41
K1 EXEFHHNEWEMT Sk 2.59,1.60,1.42 mg/L 1 1.61,1.38,1.25 mg/L,
MRAM W A MemE/  HAH REMKIBTEETIRN K/ CK> 03 [T > 43
GE-H)  wH CK AT AR mm % 1.5 CK A EE, A B T 4D BE TT B9 24 A 4 A E RN A
02105l 0 0 0 6.8 0.96 Bk R4 S 18.56%.16.19% . 24.31% Fl
2021—06 13 5 325.8 16.24
’ ’ ’ ~ 10.75%.,8.73% ,17.08% .
2021—07 20 5 5 5 157.4 22.34 . . N e
2001-08 20 6 6 6 189.6 26.91 ®2 REBELETEETHNRE
2021—09 4 1 1 1 25.0 3.55 5 B/ (m® » hm?)
Ait 5817 17 17 7046 100,00 ' mm CK i3 1 bz
i 5 370.99£5.5 366.91£5. 367.721+4.86a
212 FRBIALH A KRR i B I
iiE 209, 53.8215.71a 345.094.66a 351.604.08a
2R , i Z‘K/E f ‘ s AN
i:.%n a2 7 A i lelfﬂii%ﬂ%:?b%ﬁf KB 125.6  188.60%2.61a  178.81£2.29b  179.24£4.39h
’:J;‘ZF%—L}F—‘FF%E‘J%_%,%?—%(M%; JTEHM WY 1592 1684744592 159.70+2.49b  164.05+3.72ab
N = R > %
IRFIE(E S 2 LT R ASfe a3 . PRA% I Al 2 e IE A 25.0  14.73+1.70a  10.504+0.80b  11.36+2.02h
ﬁfiﬁiﬁﬁﬁ(%ﬁfi*ﬁ FACIRY A %@V/"ﬁ% {)ﬁgi /;fk &1t 704.6 1096.61 1061.01 1073.97

JERE B EF WAL EE T AL I A R B S

TE 3% PRS0 R B ofi 22 5 1R A7 AN TRl /NS 5 B R R A () Ab

ARV S AR e W BB CK ACBEAH L, B 98 2 5 = 40 PA 258 % (p<<0.05), FH.
18, 64 2
= :::% a N 4.8 B :::
ol Bob . Zao |
9 [ = bz 3.2 |
2 7 R el .
X orH :gﬁ = 2 H T e e
g 3 LK %Izﬁ ﬁ?‘: 2,b &S H - =
oA = é?ﬁ é::i: E‘% m 0.8 [ [ . 5 b b
0 - \ B, F | [ | 0 [ i L L [= 1
A iiiﬂf'fﬁ}i i?{gzaklil% 2 R 58 B R j(;lJEZE\D% 2R R EEE
+ BH E gt
~ 12 ~ 4
- - © £ S (d)
g“ S L &“ 3} ;E
o~ ;»’; a a [
T ra 2 T :—
% s LEE 873 2| HE
8 1K = e e 1L HHA 3
& 3 [H a5 E s o
; 1 K E % B :3’1
by , LEEL i: Ny & e HE F% abb
W RN jUWJW\DEﬁ nheH BB Bl kWl jCWJWUII%ﬁ nb£2 3 R
EXREFH EREEH
~ 5r 20
O 2 K
. © a g 2
4 b "
g -E £, . L1t T i ®
il b = = ]
#® 3 = 1= = -1b
% | [P B L0 -
K 2 [ 2 s = = 2 bb
8 -] -] %;.04 s -] ¥ 2 bab
® ;L & é;:f} dad 05 ] - 3
|k NN = LHH HELHE HEL o
0 = 1 = 1 > 1 = J 0 ] 1 1 - 1 1 ]
T ﬂi*‘ﬁ"ﬁﬁ jtlﬁﬁllllklilh;ﬁ mhg2HE R B HH O ORTH KO8 el REY
EAREEH EREEH
O cx LB B 4B
B2 AEHEERLETEREAENETL

22 AEEERALETTHERSEMBESESETL
& 3a AT, 4% it HE AL B R 4 e S A AR

WA FIEAE ) Bl 2R e A e b PR TG - 98
R A B R AR B e, CK AR BRI R 2= K

WL D 3 0 R B A, i CK M,
AR PR T AL PRI I 8 R o i 34 o S B ey, 40 )3
1 13.94 % ~45.04 % 1 9.63 % ~22.39 % , i3d WA i it 2% #%
B AT REfa o MR b S A LA L AR B R IR R



42 KR FE2E R

537 45

AFAEALH T HIEM S A S B A TN A
R TR LT F BRI (E 3b) , BR A2
H CK ALY 36 25 2 & & g% T A0 B T Ak B

I, 2% Ak B ) TG 8 35 4k 22 5 AR A AE B IAR B 1L 0T
o~ 50

I~
<
1
oo
0
~—~~
[
S’

w2
(=]
T

ot

2o

o

S
S5EH
Sy

—_
<
T
b
S
4
2

THESESE/ (ng * kg
»
[

S
\\\\\\\}}}}\\\\\\w‘i
L

LI,

TIER AR AR CK AL H A W R, 20 ) A
3.70%~29.91% F1 8.61% ~12.55% , HIH S A & &
Il CK> 403 11 > 40 2T, 35 B 28 B¢ 008 it FH ]
DL S AR I A S A =

~45 r
a
a
36 T & (b) bb
aab
27 | Z = 0
A

]
val |
S5

S

S

L =]
T
5%
253

A‘A

TERHEESESE/ (mg + kg

S
S

#39

| ! o S
0 = 1 2 1 . iii 1 %‘i L 5‘5 , 0 |- 5:5 5 | ::E: , I
WH OREH KW D8 el R WE O ORTH KM OH Al R
TRERH ER YT,
O cx A 1 B 4

3 AEBRAETIHEESEANMHSASENEL

23 AEERLEINTEMEMEYERNENE
25 i A Ak B ) A SO P AR Y R (MBND & i
NP TR T < SN IR Eg s F S Tl
THE XIFHE B TR (8 4) A A B g Ab 3 T, ik
BRI MBN & 548 CK AL B 251 2 2 H v 22,13 % ~
31.76 % F 11.80% ~22.81 % » H. 4% 4k 3 (1) & £ K/
P Mg Ab 3 1> b PR TT > CK L 28 B A e it JR 2 fiE 1%
AR I 1 MBN 5 &,
24 AREEELETENEXREMTERERREE
I 5a Al 51,5 CK ACH AR H , AL BE 1AL 1T %
T EOR A Wy e A B L A BB 12,37 %
F18.67% , Ab B T FAb B 1T 2 18] G & 35 % 25 5 6
% B U B e PR 2R T LA 3 4R v Y B oK AR e
i, A BETAY R RO R T AR BRI 5 2 R U B it JR
75 a

L ®

60 F [

FEE/(t* hm?)
S

CK AL 1
i

AT LA I OK R R 6 AR B9 Wi (&1 Sb)
AREE T, I AR AR T AR B R T CK A B
70.46 Y0 H1 57.04 %, Horp AbHR T /0 R AR G A A
4 278.30 kg/hm” A AL PR IT th A7 g & 34,

ESO' ;ba CK ZJ S B 4
. c a
g 60 I ;b c%b a a
- ]
B %;:01 =«
<0 .
- " B -] P’
NG (G i D
WH 0 ORWH RWAOH 2 RS
EXREEH
B4 AEEEAENTEREVERNI I
300 a
< (b)
Eoa0 | o
%0
2 180
S~
]
& 120 |
=
K 60
=
0 1 1 J
A1
i =

Bs5 AREELETELEXNEN~EREKRREAE

2.5 N[EHEAR AL EE X B K M UK B R
HLAR 1 HLAG 07 LK 43 v Uk U 1 4 F0 R
Ve LT 22 VP 7 AR IR N T AR AR . R
SR 51 7 N [ o = e 5 N O = e o €2
ERFEES, LT ML & CK 43 A b 8 &
P A R LR & B R R 22,16 00 1 91306,
HACPE T, I [a] 3k 2] 38 3% /K5 5 CK A BRAR L, 4k
F TN RELRE 5 35 o0 30l Sl 25 14 25,42 96 1 16.38 %6
3 ANKb B R M R E M 25 L HoS i R ALE 1> 4b

PRI >CK 522 A3 T AL 3 1T 89 R ML K 4 &
A CK AL AR He 4 35 BEAIC, 20 0 b 32.98 %
F16.49% , HALF T, Il Z WA B E 25 8 CK &k
FEAH L . 9% B8 AT 0t PR 2 Ak 3 AE — o B b R AR A
BR2 Fhyk % oF 4 & &L Ab B 1L I B9 b M Bk %R A
Y S B IR 13.15 % F 6.48 % . BR1E PR Ik 47 4k &
B FEAC 10.12% F1 3.59% . L&k F B il 28 B¢
FONE TR VA T 28 70 A0 b BE T 4 Rk T P 4RDR E K 19 5
T e b



54 WA e 46+ % R IS 45 R0 AR DR 3R 0 St 448 0 28038 U 2R R I K A K 1 B 43
R3I AEAEELEMNELEXREFAROIZM AL 0
Ak HLEE 1 HLAR Wy MUK 53 Hh P U kT 4 R T U U 47 4
CK 8.98+0.03c 1.7740.05¢ 4.67+0.31a 31.17+0.15a 22.54£0.54a
A3 1 10.9740.12a 2.2240.07a 3.1340.25¢ 27.07+0.41c 20.26+£0.63b
b3 1T 9.8040.09b 2.06+0.06b 3.9040.17b 29.15+0.36b 21.73+0.19a

T AR F NG F8 378 R [R) b #10) 22 5 25 (p<<0.05) .
26 AEEEHNBEREARLE. L EFHMEE

EFARFERKRAEZ BHEXES T

4 ATHLFE EORS AT R A R A
w5 TS A MMAEY A S R 2 D E A
(p<20.05) B b 3 17 AH G 56 3R (p<<0.01) , i ] it 22
4 AEHH SRR EAE SR LESR T ARl
13 2 S 2R A 58 38 1 AH 56 (p<<0.01) , i I, A2 37
R RS T IEHSE N2 AR, Rk 220+
BEnd AR RN FAR A A I ) - S A e S R
A A I K R R R G 5 T A GG
F.HPHEESAMMAEY ER S R R 2ER
P 2 IEAIE S 2R (p<<0.01) , [ eI b, £ HEfl
SR a AR A OCOC &, BRI AR TS
WIAR MR B 3 (p<<0.0D), HAESAEFHN™
5 R R R S A S 3 TE R O E &R (p<<0.01) L, 1
FF R PR W R I B AT DU B T R OKR A
3 it

ok T R it A 12 Ay 5 i) A28 Y 2R DA R e B R O R
B R AR R DR 3R T 22 R I Ak B R
B PR 2K AL AR L, RUER R R B R R S A
B, % 5 T &S s 5 R — 8 K R i
2 55 [ TR 3G 0 52 OE B L A BA 7R R B S R T A A
Ko WP, 70N MR RWMA AL TR, BT ari
I T o KA1 PR AR 9 AR R IOR 795 I 36 K i W Wi
FH B g b /R F L R e KU 9 R I i
RO BN BUS 22 09 FE 20 AT DLt 2 R I AU R
RKIOFHRAEARBE G EBIR, E5 KA R0. E
A IR R A BT U ] B R R O AR Wk
B0 A= K JE B 55 RSN, AT DA B R A T K 1
T 3R A M R i R K S R L DT D 9% AR Ak It R Dk
b b R A i A

A B AE BT L3R THBE b A 7 ) iR oo 1
IRBE 5 Pt PR 2 AR L, it 2% BRI BT DA 7E SRIE A
Wy A K BT 3% 43 0 [R) B2 5% 43 R A R L 4 e MR Y
IR . 1 b B it PR 2R A 3 - 8 e A R
AR 0 KT IR 3R it 22 B0 Ak 2, i A A R
VA I E R BR AR M b B SRS AR E A
32 B4 A BCE VR i DMPP 28 B T i &b 38 1
3 o) A A T M A Ak T A T P D B DT R A AR
FH Tt 2R 7% 2 R 9% B U8 A A 2 1T D) 368 o L 92 IR 36

AT i AT 200K 2 e 25 SRR AR R AR AL L B i B
BT LR R A R I B B A R A A S A
o UL IR FRBCE 22 B8 AL AT LAAT R0 5 R B9 R
WAl i B (A5 e SRR 50 N ] N DR o B S R
KA —E R AR R AR G AL A
7 7 (6] RST8] Ao 56058 A 1o B P22 . B 5 K
KA W & ST REAR 5 1 4 08 20 0 OBOR) -
TSR W 2 W T R A S BRI A S R
ke BRI SRS VR 3R o AL TR
Je i kb AR BOIRZS B9 — A EE AR bR L T LUOKS ) Sz
ST S RLR AR BT R B A R A R
W R AR AN A I . B B R AR AL B A A
Py i R AR PR R T 2 R I Ak ) 5 DA
FRE, —J7 T R pHAY R AR A L 8 A W s
PES 5 53— 5 T B RENE AT LA 9] O AR 0 43 b iy T A
AR A T RUEY R 5 E B LSBT, 1Y

TP OK S — = B AR W B AU U A
0t 8 RE A A T 803 T OK AR 2P RO T 4R g
0 RN AT LLTE A AR I OK E R
KRR W R B AR AR Y H b 2R A
Z 118 R A e % 5 T I G A 2 R ) R OK:
Jot ARy B R 2 — it P U T A e bR R
FIHLAR 5 25 AR FABE B9 [R] I, B AR G 2 M st Uk 47
2y k00 A 2 32 3l 0 ) MEL W % Do AR ) 7 A B
S WMCE IF . ASBT T IR 2R B0 it 2 R I Ak B ) 5
R VRLER F LIS 5 o i R 2R Ak PR
AR LK 23 L TV R TR 2T A R 1 o R AT 4
F14 2 A U S 3 AR L s B Rl KR B 7 R A v
T 35 A 00 P X R o SR B AR e R B 18 —
Pe— 17, B PR R AR A S O FEE A R E
7 400 114 9 0 R K T B K IR K- S BOR
B RO A SR AR AR % 5 T PR 3% e 2 T Ak P 7 9K
TR R SR A E R AR R L SR AL e 5 ) 1 s
A AR BRI, A0 ] it 3 1 2 S Al T e R Vi A R AR
JEU AR TR A PR IR IE T R R R LR e 4
B HEREEUKP Bl 2 2 A A SR R OR L 1 L
JR 2R i B i #E B 5 L R AT A R ] L ik i R A
HLBR 0I5 43 OB 32 THPE 98 -t B . BRI
A A 38 52 i+ SR pH, pH BG4 0 T /U 1Y



44 K L ARFE R 937 &
FE AR 3 20 R W R B R AR Y A R E KA IR 7 5 HGE B B AR
x4 AEALEEHBEERERR TEFRIPEFTVNEXRFEMREE Z B HEXHE
2= . FANE AN il
RiEA 1.000 0.763 0.792 —0.398  —0.864" " 0.595 —0.807" " —0.859° " —0.801" "
RmGEER 1.000 0.941 —0.106  —0.885" " 0.744 —0.900" " —0.9317 " —0.942" "
RmMEAR 1.000 —0.183  —0.917°" 0.738"  —0.843""  —0.857" "  —0.963""
B A 1.000 0.126 0.037 0.097 0.276 0.172
] 8N 1.000 —0.843" " 0.866" " 0.858" 0.953" "
WAR 1.000 —0.827" " —0.702" —0.846 "~
HAEDRA 1.000 0.938" 0.922"
i 1.000 0915~
BRI A & 1.000
RER 1.000 0.135 0.350 —0.340 —0.715" 0.458 —0.751" —0.771" —0.844" "
RmEAR 1.000 0.505 —0.707"  —0.686" 0.800"*  —0.615 —0.565 —0.418
R A 1,000 —0.539  —0.722" 0.579 —0.760" —0.537 —0.639
B A 1.000 0.746 " —0.901" " 0.774" 0.782" 0.755 "
T BER 1,000 —0.820" * 0.920" 0.887" " 0.885" "
AR 1.000 —0.798" "  —0.784" —0.751"
MAEMEE 1.000 0.927* " 0.946 " *
[ 1.000 0.915"
HRRA R 1.000
RiER 1.000 0.729" 0.784" —0.845° % —0.917"" 0.774%  —0.909°*  —0.887" —0.960 " *
(RSN 1.000 0909~ —0.616  —0.722" 0.545 —0.856" " —0.777" —0.763"
RRMEER 1.000 —0.552  —0.770" 0.817° " —0.798" " —0.754" —0.791"
HiRA 1.000 0.8447 % —0.524 0897 * 0.920" 0.800" "
K@it EAA 1.000 —0.749" 0.894" " 0907~ 0.918" "
WA 1.000 —0.595 —0.665 —0.751"
[FE37) & 1.000 0.933" 0.882"
i 1,000 0.915
BRI A & 1.000
RiER 1.000 0.8417 " 0.895" " 0.699%  —0.779" 0.152 —0.798" " —0.761" —0.836 "~
Ri#%SA 1.000 0.867" " 0.508  —0.927°" 0.124 —0.855" " —0.932" " —0.840" "
RIMHEA 1.000 0.631 —0.681" 0.161 —0.795 " —0.775" —0.828" "
B A 1000 —0.360 —0.175 —0.560 —0.394 —0.424
I 22 1 HAR 1.000 —0.221 0.788 0.920" * 0.824"
HAA 1.000 —0.453 —0.405 —0.597
HMAEYEAR 1.000 0.894 0,928
i 1.000 0.915°
&N 1.000
RiER 1.000 0.857"" 0.926" " —0.536 —0.779" —0.620 —0.932" " —0.886" " —0.937""
RmEAR 1.000 0.781" —0.667°  —0.700" —0.534 —0.800" " —0.642 —0.733"
RmMEER 1.000 —0.565  —0.746" 0.540 —0.855" % —0.803" " —0.793"
A 1.000 0.741" 0.325 0.635 0.269 0.373
A BER 1.000 0.448 0.889" " 0.658 0.791"
WEA 1.000 0.611 0.391 0.538
fAEYER 1.000 0.856" 0.924"
[l 1.000 0.915" "
BRI A & 1.000

Heox FRTE p<<0.05 K P HFEH G » » RIRAE p<0.01 KM B FH K.,



%4l

R A R 45 « 22 R I 45 20 1 DR 38 0 B0 b 428 R 280 3R DR 2R S I R K AR R A S 45

AWFFE R B, 5 LI R 2R AH L, DR 2R O it 22 R IE 2%
PER IR A 7 ek SR R W 2 et 2 SR AT, 2 T AL
R RS I AHE Y R R S i R O R AR
S A OCOC R, R S UM P i U 5
L7 AV AR R A 35 TR A G, 7= i S R R R
WS S 2 TE AR OCOC R, Ui ] DR 3R T i 2 8 N T DA I
RERB AW EHERNARLZ TRIGREY,
RUANEIE R ORAF 32 A AE LR ER B L 3 m &
KGR AL AR A G B AR A R K
4 4

(1) JR 2 e it 28 B e ] LA S 338 /D A i A R R
W 5 BRI R A FL L AR T IT YRR L B S R R
AR I W B I U8 St 5 8 43 ) AT Gk 2.59.1.60, 1,42
mg/L F11.61,1.38,1.25 mg/L; M A 5 A Y&
R BT K 1 ) 98 34300 18.56%6,16.19%6,24.31%
A110.75%.8.73%,17.08 % ,

(2) 5 B PR 28 A 3 L, PR 2R BC it 2% A AT W7 LA
B ERIN R E R AL EE TR B T SR
B CK A Fb 43 1) 5 25 3 13,94 % ~ 45.04 %6 il
9.63% ~22.39% , - HERUA: Wy ik A B A o ) e 3
W 22.13% ~31.76 % F1 11.80% ~22.81% , F& 1% +
SRR AL R 0 5 b X R I A R AR T d v
AL ERE T .

(3) R R Be it 2% T R m] DA S 3 46 o 5 I 4] P oK
(R 7= B B B DR R AH B, AR BE TR AL BT 43 ) G
BEN 12.37 %6 FN 8.67 6 » I H A HEAE AR AR 19 TR A, A
PRI R B CK AR B AR L, A B T, 11 43 51 & 35 42
70.46 Y6 F1 57,04 % 5 [ B 0] DASE 3o A BB AT K B KL
A RUHLIG 7 5 5 B ATOREL i 23 2 P O Ak & 4 A b
VeV 2T 2 i 1T A0 T AR K A R L 3R 3 R
FEZKF I 500 E 0, o 2 B 4 o s ™
TR BEFE B AR
B %3
(1] BRIEZ . 2R M5 AT 165 4. 1980 — 2015 4F = 7g 3 #F H 7%

PRI 23 43 A St A8 REAE 43 [T D R0l TR 229, 2019, 35

(15):256-265.

(2] A s35, s Mly Bh SC7E L 45 20 S0 B B U2 0 At
IR LA K B A5 T3 W L0 4k TR 2 4, 2019, 35
(20) :84-93.

(3] 3k 36T B L 3k A 1, 4. AME 1] £F 3 4 499 7= ik 0 %
B - B2 SRR U R B R (U ] ARl TR 2R L 2019,
35(22):216-224.

(4] /N BRAE A7 AR 26 5F 30 AR TT P B b 132 A
B I 2 AR RRAE ] ). - B84, 2015,52(4) : 298-305.

(5] ZSWeLr . uh 5 60 PH A = ik J42 X B ok ot - 398 42 1 3 B A
23 AT LT ] B R R 2 i CH AR B2 D , 2007, 30 (1)
134-138.

[6]

L7]

L8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

RIE R, B dkn AR IR E AR IR LT ] A
FHR SR, 2013,19(2) :259-273.
a3 ai gt LN R DN e e B DR
b A ARk FoK R B R R R S [ . K AR 525 4R
2021,35(5):72-79.
RS Ih P R R R R 5 8 IR R B
A NAE A A R F M S A A B R R L) ] AR A
2F 4 ,2011,22(3) :687-693.
Trinh T H. Kushaari K, Shuib A’ S, et al. Modeling the
release of nitrogen from controlled release fertilizer:
Constant and decay release[ ] ].Biosystems Engineering,
2015,130:34-42.
Qiu Y M, Wang Q. Zhu C J, et al. Deciphering meta-
bolic responses of biosurfactant lichenysin on biosyn-
thesis of poly-y-glutamic acid[J].Applied Microbiology
and Biotechnology.2019,103(5) :4003-4015.
R ARAT I T AT R R IR A R IR R X
A [ A A RO A A e e N [T K &
PRF52 4R . 2014,28(4) 1 122-127.
R IR EB S5 R AR R R A e
HLA A MoK R AR g 2 [T, 1 18,2018,50(3)
469-475.
KT BN S RCFEIRRSERILE AR K
SR BC X B A R X R B K AE KR e [T, PE e Ak
b 248 ,2020,29(11) :1642-1650.
FTHL N8BR3 R0 A ) 00 0 ) g i Ak AR
AL R AT S [T ] A 8 57 5 IR 2412, 2017, 23
(1):54-61.
G B F oy REEMRM KA ER L KE
PR R R M L) ] R 7 AR 2020, 14(28) 1 48-52.
EJERH L 220 Bl T A28 R I S A 0 A R o
B K P IR RL BT A4 2 e [ ] R A S 4, 2021,
35(9):2136-2144.
FE] 52 B 358 4 4P 88 Ja) R R K Mg 0 23 A O 86 D o & 22
K FE K M U 23 A7 75 36 LML 4 [ o R 35 B 2 R
#£.,2002:254-258.
Haynes R. Labile organic matter as an indicator of or-
ganic matter quality in arable and pastoral soils in New
Zealand [ ] ]. Soil Biology and Biochemistry, 2000, 32
(2):211-219.
e TE L SR R AR L S TR E AN [ i AR ke
LA 8 e 7K B B8 R ™tk 9 5% e (. 8 WBE HE K 2 42
2020,39(2):56-63.
TR HLHE R L B AL S i TR [R] b ) 2 R IE X
MEEREMEBRMABE R R LRI EWLT]. =K
M R 22241k, 2016,31(2) :335-340.
T, R EEDY KBV S5 AR W I RN T IE T W A AR
K B 3SR 4 (15 ()], ma mt Mol R 2 % 4. 2020, 44
(6):63-70.
RS RAERE A T S5 Ak 0 X T S e
FORF WAL AR W [T ] R BRI R 224 40, 2017,



16 KRR %37 %
36(10) :2063-2070. TR AR E AR B S [T ). A A5 2 4l 2014, 34

(23] JHHE. 5% R AR 48 U B G A= Al 4 i 790 20 & X (18):5275-5282.

e H R AR AR IE R [T 2R & 22 e, 2019, [31] FEHR R RRE . FAZEBREE SN X
39(5):1804-1814. U 2 K 7 gk K U3 R 3 B 52 i [ ). B 4 27 4, 2012,

[24] 22T, AR Y, GRS S AR R 1/ e 4 i 500 76 28 £ 20(5) :888-893.

IR T e AP O R A O R Ry S B A 2 A B = [32] Afreh D, Zhang J, Guan D H, et al. Long-term fertilization
% ,2021,32(4):1352-1360. on nitrogen use efficiency and greenhouse gas emissions in a

[25] TR0 A2 B, SO 30E, 452 il Ak 3 i 350 % 1 38 A/ double maize cropping system in subtropical China[ ] ]. Soil
Heterysgm )] el TR %4 ,2015,31(4) : 144-151. and Tillage Research,2018,180:259-267.

[26] T o8, 2R, B, 55, 1 5 B4 5t 5 28 Wi [33]  FAE. 400, DI R, 5 FhAE 2 5 5 200 1 74 9 IX 7
X RE S 22 /A B IR B R i R [ ] A A 2 i I K 7 e 5 i B B K A3 R R BCR I sE [T 0. 75 ek
2014,33(7):1769-1778. Ak 2 4. 2021,30(1) :60-73.

[27] Gupta R, Swaim S, Rai A P. Impact of integrated ap- [34] SKRETH-WAET B0 IE L 55 0 1k 3 0 350 18 1k A 4 41 1)
plication of vermicompost, farmyard manure and MLER B W T ). R BB R 2 22 4k, 2014, 33(11) .
chemical fertilizers on okra (Abelmoschus esculentus 2077-2083.

L.) performance and soil biochemical properties[J].In- [35] JHIUGEE . D%, [FMEE, 24 B E MR A E & 0 iE
ternational Journal of Chemical Studies, 2019,7 (2): RMZACBER LR kB2, 2017,34(10) .
1714-1718. 2117-2123.

(28] ML AR, A& E K S I8 2 R AR XHR bR i A= [36] Wang L F, DuH C, Han Z Q, et al. Nitrous oxide emis-
WIREVE LS I Z R R 2 i [T /E 2 4R, 2015, 41 sions from black soils with different pH[J].Journal of Envi-
(6):919-928. ronmental Sciences,2013,25(6):1071-1076.

[29]  XUBUER, S0 BRI, 45 5 0 35 T K & Bt R 28 T 5% (371 XUTFoE. BRAnms 95 — &, 55 38 B /UL 5 % i UL i
EJELT ] AEP A% . 2018(2) 1 6-10. X R AL A KRR A B 1 SR o A M R i .

[30] EWe4E. fp30ss B, 55, oK — R ) /R it 00 A BB, 2019,28(5) :939-947.

(k3% 37 70

[21]

[22]

(23]

[24]

[25]

[26]

BROKWE . B4 8 =, 5 b [ R A R AR S B AR
CI0. 7K B} 238k 2, 2014, 25(5) :617-624.

De Lima J L M P, Carvalho S C P, De Lima M I P.
Rainfall simulator experiments on the importance of
when rainfall burst occurs during storm events on run-
off and soil loss[]J]. Zeitschrift fur Geomorphologie,
2013,57(1):91-109.

FEARRICE GRS, FORNF B AT IS
BEZ LA R RRAE LT ] K £ AR RIS, 2022,29(1)
92-99.

Bu C F, Wu S F, Yang K B. Effects of physical soil
crusts on infiltration and splash erosion in three typical
Chinese soils [ J |. International Journal of Sediment
Research,2014,29(4) :491-500.

Chamizo S, Canton Y, Rodriguez-Caballero E, et al.
Runoff at contrasting scales in a semiarid ecosystem:
A complex balance between biological soil crust fea-
tures and rainfall characteristics[J].Journal of Hydrol-
ogy,2012,452:130-138.

Wu X L, Wei Y J, Wang J G, et al. Effects of erosion
degree and rainfall intensity on erosion processes for

Ultisols derived from quaternary red clay[]]. Agriculture,

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Ecosystems and Environment,2017,249:226-236.

Y (- O O = 1 I N - 3 N e B
VISR 43 T Xob 1 e ARUMAR 35 1 422 okt #) 2 m [)L K R AR
Fro# 4R .2021,35(3) :127-134.

WU B AL, R, S RS A R AR LT
o K 2 PR RE,2012,1006) 15,

AL TR BT 77, 45 5 /K Dl To0 iR 4SS 280 1) 3% + i
DK P B Uk i L et A5 7 AR AU [T ). A A 52 4l 2018, 38
(14) :5067-5077.

Kateb H E. Zhang H F, Zhang P C, et al. Soil erosion
and surface runoff on different vegetation covers and
slope gradients: A field
Shaanxi Province, Chinal]].Catena,2013,105:1-10.

B e VPR E 2%, A5 8 g 3 B b - 9 Ay 45
B R S TR 7 D Ak AR R R e L) ]K R R A A
2022,36(1):45-49.

Zhang F B, Wang Z L., Yang M Y. Validating and im-

experiment in Southern

proving interrill erosion equations[ ] ].PLoS One,2014,
9(2):e88275.

Kinnell P T A. A comparison of the abilities of the
USLE-M, RUSLE2 and WEPP to model event erosion
from bare fallow areas[]].Science of the Total Envi-

ronment,2017,596/597:32-34.



