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Abstract: In order to study the effects of different layered fertilization on nutrient transport, a soil column
leaching experiment was conducted. Taking the mixed application (ploughing after fertilizer application) as
control, and no fertilizer, common urea and controlled release urea were mixed with phosphorus and potassium
fertilizer respectively. A layer (depth 5 cm), two layers (5, 10 cm), three layers (5, 10, 15 cm) were

applied to study the total nutrient leaching and fertilizer nutrient leaching rate under different layered
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fertilization treatments. The results showed that the total amount of inorganic nitrogen leaching in the
layered application of common fertilizer was significantly lower than the control, and the three-layer
fertilization gave the lowest. The leaching of inorganic nitrogen was generally low in all layered fertilization
treatments. The application of controlled release fertilizer did not reach a significant level compared with the
control. All layered fertilization treatments had no significant effect on the total leaching of available
phosphorus. Compared with the mixed application, and the total amount of available potassium leaching
under controlled-release fertilizer layered fertilization was also the highest in the three-layer fertilization
treatment. Different layered fertilizations showed a great difference in the leaching rate of fertilizer nutrient.
The nitrogen leaching rate of common fertilizer application was 9.9% ., and the leaching rates of common
fertilizer under one layer, two layers and three layers application treatments were 6.31%. 4.91% and 2.7%
respectivley, the leaching rates of layered fertilization treatments were significantly lower than that of mixed
application. The leaching rate of controlled release fertilizer was 3.28%. The leaching rates of one layer, two
layers and three layers applications of controlled release fertilizer were 1.48%, 2.00% and 2.63% , respectively, the
leaching rate of layered fertilization treatments were lower than that of mixed application, but it did not reach
a significant level. The loss rate of phosphate fertilizer treated by layered application of common fertilizer was
between 0.03% ~0.05%, and 0.07% ~0.08% for the layered fertilization treatments, both of which did not
reach the significant level. The leaching rate of mixed application of potassium fertilizer in the normal fertilizer
layered fertilization treatment was 0.35% , and the leaching rates of one layer, two layers and three layers of
fertilization treatments were 0.40% ., 0.49% and 0.55% ., respectively, among which, the leaching rate of
three-layer treatment was significantly higher than the mixed application treatment. The leaching amount of
controlled release fertilizer mixed with potassium treatment was 0.24%, and 0.20%, 0.27% and 0.37%,
respectively for the one layer, two layers, three layers applicaiton treatments. The leaching rates of
controlled release fertilizer under three layers application was significantly higher than that of mixed application. The
pH of each treatment varied from 7.22 to 8.24. There was no significant difference in pH among treatments.
The electrical conductivity decreased significantly with the leaching for all treatments. The electrical
conductivity of the first leaching treatment was the same, i.e., 7 547.00~9 360.00 xS/ cm for the common fertilizer,
and 5 570.00~9 370.00 pS/cm for the controlled release fertilizer. The electrical conductivity decreased to 1 985,67 ~
2 470.00 pS/cm and 1 804.67~2 576.67 pS/cm respectively at the fourth leaching time. In summary, the total leaching
amount of inorganic nitrogen in the common urea layered fertilization was significantly lower than that of the mixed
fertilizer, and the three-layer fertilization was the lowest. The inorganic nitrogen leaching amount of the controlled-
release urea was lower than that of the mixed fertilizer, but the difference was not significant. The layered
application had no significant effect on the total leaching amount of phosphorus; the total leaching amount of
available potassium of the common fertilizer three-layer application was significantly higher than that of the
mixed fertilizer treatment. With the increase of leaching times, the electrical conductivity of leachate decreased
significantly for all treatments, but the pH increased with the different degrees.

Keywords: controlled-release fertilizer; common fertilizer; layed fertilizer; nutrient transport

w1 ) BARA O TE A AR AP T Ji v L A2 IEREE
YRR 824 4000 ~ 60 0, fH R AN 4 B2 69 e FH i 3
BT — FR AN H BT IR IR B R R T e . R A it
FHEAAEAE 1y 09 o A ik 52 o ke 2 O B T G IE R
F14 it A 07 5 4 53 o) o TR B M L A% S e R AL
2 M - e it 55 3 1R & sk A7 BIE il ME AR
A A7 AE F7 70 F A AR AT R R R T8 S 1 O
IR SR P AN g R T e B i
JET7 2T LUk A FR o0 4 % L f W SR R R . IRE &

TIPS IR AR AL AE U R SRR P & & T R
FREBUR K m A 60% 224 i Y &8 B R iE A £
Bt AR T B A A W > 29 % ~ 98 %6, AR
NH 4% 15% ~ 40 %, BB A A R 5 15% ~
209650 s M PR R Wit IR E KT 7.5 em B, NH, # %
A DL Z W AT B R it B 2 0N £ O B vk
JE B k0T MBI T £ 1520 em BY BE4R
R Ol 0 W AT T I R T A AR
VEY 7= 5 5 A W R D AR R IRk



156 K PR 2R R

%33 &

TR A R LA 20 i 3 S DR A k5 R 3 K i 422 3 T i
J B b S BE T E IR A it P R R S K R U A
AT RE S BRI A5 B R i 5 300 o xfE DL iR 2 68 1Y 57
Ir AR TAEYI B IE R A o0 T2 Tt AT RE O B IR IR
Jit I #Ae o [ ] fife e HE AT E L B A 4 0 300 5% 20 b A
FR R IR 3 /N 22 7 B A e SRR R 4
T PR 3R PR P B R i RE AT 2800 A R Bk Bl
A HUIK A e B IE [ 1 B HE ) o J2 it IE 4 AR
T8 R I B9F 58 RN HT 0] 538 bR 3R 5 45 R R B
JEMENEA S R M R IR R G IR R A
3 JE T HE B A X 503 B DR 35 S8R AT R A5 3 58 53 1
T o 00 ELRT 2 0t NS B4 BIF S S T A5, T B AR 0 G 3
RO S AR J2 0 S i HE KL 57 70 ) 3T # ML R AT F 52
R . AR IS 2 BT R R PRI R S
FINE B R 73 J2 it X H 3% 0 7 - b i & i L
PRI Y J2 i N AR W 1 77 L 4 ves M 0] P 3 A BIL B )
R SR 3 T2 it RS B2 A Y 3k — 20 107 P 2 14 B M B0
1 M55k
1.1 A

IR N B AW IR, T 2018 4RAE L AR E R

2 AR R = AR R TR S s g Ay, 3 A
HK 55 em AR 7.0 em W Es PVC A, ir F L3600
fa] B s+ CEE AR D, Ly, L
AR R 22.91 mg/kg, AR & 0.85 mg/kg,
WRANE 1 30.2 mg/kg, AMBES & 6.2 mg/kg, &
A oiE 0.64 g/kg, AP & i 4.62 g/kg, pH 6.95
Okt 2.5 1, £HE 1 em §ifi, RS FH.
AT R A A4 B F 4 B PR 2R (& N 4300, 3 B M 3
AHD B IR E (F N 46%) ik BB 55 (% P, O,
16 %) VAEALE (& K, 0 60%) .,
1.2 REgit

Wt o b, A E A 3 K, &AL
it N8 43 J2 R B DL T 1, HAAR A )2 R it E LE 481 LR 1
AT EL 2 ke, BB R RS EE L, JE
S, AR BN 35 em. AT SO g B A
U 1218 KR E L AR E B, B R 1R
J5BEAK M BE R AB R 51 3% 175 mL 2liK , K
i A N BE PR I B R KR BE I K 290 24 b,
BRI PR K L I PR . I ARk 4 K, T
W E B[R] 7 K

12 Hi e 22 Hi fE 32 Hi fE
- > +% ﬂ ﬁ -
5¢cm 5¢cm
10_cm 10—cm 1(;cm U
M M M 15¢m
10O
O mx
B1 AESEHEEALE
F1 R HEE LR
fob 3t it A 33 I AR N—P,O0;—K,O/g Jife BE R/ em e BE Eb 48] (3t / %
CK A it A 0—0—0 — —
CFM - 3 A R it 0.40—0.15—0.15 0—15 100
CF1 3 AR S AR 1 )2 it A 0.40—0.15—0.15 10 100
5 40
CF2 AL 2 J2 0.40—0.15—0.15 ;0 o
5 30
CF3 3 AR S AR 3 )2 it A 0.40—0.15—0.15 10 30
15 10
CRM RS IR LRt 0.40—0.15—0.15 0—15 100
CRF1 BRBIREILIE 1 )25 0.40—0.15—0.15 10 100
5 40
CRF2 BRBIREILIE 2 J2 i 0.40—0.15—0.15 . 60
5 30
CRF3 BERBIREEE 3 2 0.40—0.15—0.15 10 30

15 40




5 4

TR 45 AR NT | e S 0 22 i I o L A 5% 20 % 119 52 T 157

1.3 MERIRE A *

WA pH K F % R H TE PC700 5 X pH
it /# 5 (L (Thermo Fisher, £ E) & ; THL A &
R H AA3 — A001 — 02E [ 3 43 7 I (SEAL,
AA3 D W 5 A RCE B R KO G B i
SE 3 B O B R B B e et

T 2R VR 3R (00 = Ot A A B b 0 8 —
25 IR BE D /it IE £ X100 %

1.4 FELIE

6 B HE R H SAS 8.0 5 Excel 2017 ¥4 dE47
VUL N7 s T (RS
2 GRS
2.0 RESEHEAR AL IR & R R T pH B

D A5 A0 3] 4 ORI pHL 25 R L% 2. K
5025 Ak BRIV VR A pHL BE 2 IR TR OB B = AN
)R B 1 1 T B, 43t DR 2 (b 3 48 Dy 4, B
HWRGER AT, LR R AW v H A
Wrig />, CK AR pH 7655 1 Rk EERS R 7.22, 8
I T H A A5 b B R FE B RS kR R pH B T
W B e K I R T A AR B, 58 1 UK R L 3
Y IEMEIE A AL B pH 250 7.89~7.93, BB 43 )2 it
JE A AbBEHy 7.57~7.66 , 5 38 AL 43 2 it E 3 T A
80 43 )2 it 0 Ak B i Al AR A% 4 )2 it AT Ab
B2 0] 45 B A0 4% 40 )2 it IE A 3L 2 1) 22 S5 OR I 3 5 Bl
H IRV R B N, 5 2,3, 4 YOk, it A Ab B ) g4
B pH 25 54 BT /b, 8 38 A8 4% 43 )2 it AT 22 1] L 4
FENE 45 53 J2 i AR =2 8] DL Ko 8 5 AT A 3 55 42 R A Ak
FZ KW pH 25 AR . SR &R ER,
38 A B 45 B AR 43 2 it R ok A SR A i pH A
i F R,

%2 FARA%EHEELETHER pH
REEE S UKIKTE S 2 U B 3 UM UE 58 4 Wik ik

CK 7.22¢ 7.92a 8.19a 8.24a
CFM 7.90a 7.89a 7.97b 7.92a
CF1 7.93a 7.55b 7.87bc 7.90a
CF2 7.89a 7.86a 7.84bc 7.93a
CF3 7.91a 7.88a 7.87bc 7.93a
CRM 7.66b 7.91a 7.97b 7.89a
CRF1 7.64b 7.82ab 7.81bc 7.88a
CRF2 7.58b 7.86a 7.85bc 8.02a
CRF3 7.57b 7.83ab 7.93bc 7.99a

VE 7 91 s 6 B0 TR 45 2 T L BT I A 6
FERAWE(P>0.05, FF,
22 AEASEMHERLEIKBRESERNZIM
VTR R P, AR RN R e - S R i i
SR AT BEAC S B0, s W 5 R OR, LR GRS
FAXE 22, KK RE SR T I R s i T et 2 . I 4%

IR R 2R (TR 2) T, A b Bl 2 ke R B 3 22
A5 A BRI VA VR L TS B T R B, LR R R %
WIS S B 1 YR IR A% AL S L R 3RO 7 547.00~
9 360.00 1S/ cm, 2 ML £ 4k B HL 5 %y 5 570.00 ~
9 370.00 S/ cm, 55 4 W 25 F A 1 985,67 ~
2 470.00 pS/cm 5 1 804.67~2 576.67 pS/cm, H 5
PRl Bt A IR 08 0 PR AT o 3 P v B T MOk B R
[F) bR 5 VORI ) 114 2 S A R B/ 5 Fly T I B 1 %
O3 25 WAL AL BRI W R T A H AL B,
HAWHE SR N 5 389.00~780.67 S/ cm jifi AL 4b Hf
2 YRR W R, 5 38 B AR b B 0 2 it S )2 A 18 hn i
. Horh CF3 Ab 35 CRF3 b H itk 7 i s S 2 1Y
AR ] 9 360.00,9 370.00 pS/cm,

12000 r

—— CK —x— CFM
TS —=— CF3 —>— CRFM
° 2000 | —»— CRF1 CRF2
@ —
2 6000 |
@r
o 4000
E 2000
0

VS T
R

B 2 7R e AR Ab 38 X 45 050 A i FE S R O T
23 AEASEHRIELENRERSKEEHNZMN

W2 B — ORI IR A R F2 ik vE A 4 IRA R
TR BE R (& 3) WoR .48 1 Rk e CEM AL B EHL A
WRVE S Ry 52.57 mg, b 3 T Ak 3L bk vk i
e/ 1) Sk % AR 3 2 it AR b B (CF3), Uk 25.92
mg » i 35 T H Al Ak B I s ) RS A I o K G 4
T 5 Ak B VR R 2 U O e A L] ) 25 0 S v
B NER 2 YRR T IR L 25 A BRI AL 4RI Pk R R
i H A 2 keI B CF3 4By 5.52 mg 4b, 3%
108 A % it A Ak BB V% B 3 R T 6 mg, BEJS A9 2 UKk
el ¥ DL CF3 Ak 31k vk 1 8y Je ik, 4300 o 1,23,
0.87 mg., 538 JIE 4% A 38 A Yk R0 2% Uk v i D BRI ok
BRA MU N 4 2R (CFM) > 1 J2 i IE (CF1) >2
JZHEAE (CF2) >3 J2 i L (CF3) 5 #2045 4b B 2R 1
WA Ve 26 4 35, Hoh CRFL ke &2 22.43
mg . 7 H Al AL B e R 25~27 mg. Hofth 3 WOk
HERHALRFE ., CFM AL B A BTk e 2 s (A
4),4 35.86 mg, CRF1,CRF2 5 CFR3 2k ut &
Iy RIh 27.82,30.74,33.21 mg, 45 4k B A G B %
5o R I B R AL EE R U Uk AR T R, 22
S8 BUR B K, Hoh CF3 b AUk vk & 5
FERNEA A AR . 275 AR IR/ vE e 45 21, &
gy 2 JAB 3 2RI IR A vk, HE v 4 R IT Ok vk
/N T E A



158 K PR 2R R

%33 &

60
w30 T
g
lﬂl}ﬂ‘w B
430 |
&
=20 |
R
10
0 — = =
EAb/ £33 IR AR
E3 AEERBRLEEIEINAREE
60 r a
250 - 7 ;3
@40 -
cd
#£30 <
= 0
0 % 1 1 1 1 % 1 % 1 J
M — - (o]

VE <R[ R 2 b B 25 5 B (P<00.05), TR,
E4 FEBELELENERTHER

24 AESERIELEMNBEFRSREENZM

AN [ 3 2 it A Ak HE X5F 45 Y bR O AT 4550 195 A Ok A 1
SRS, HA AL BRA 1 UM Uk it i 2 1 L A e
(] A bR R it L 5 2~ 4 WA A 3R Ok A AR AR (L 5.
T3 it B IR L A0 31 CK OS5 1 YRk Bk v il 14 vk vk
I 0 T b Ak B A5t A AR BRAR 1 UM Uk Y A AL
BN 0.08~0.1 mg, H & Ab 3 8] 22 5 8 1 25 5
2~ 4 YR 45 Ab B PR & B s, 290 0.02~0.03
mg, £ H ) 22 R B, AN AL ER Y 4 U
e AR A B A BRIk e (I 6) 45 R i it e
b B Y 2 ik R i S TR T BEIE Y CK Ab
FH, £ it FH B T Ak 350 B bk vk R IR O 0.12~0.17
mg, AT E . ] UL S TR S 2 it AR X A R
f14) I8k Uk TG . 3 R

0.14

0.12 |
g
Hoao

CK —x— CFM

—_
—h—
—
—_—

0 1 1 1 J
E 07 2 3K AR
WK
Bl 5 TEHEEALESRE UMK ER
2.5 AESERIBLENBEASHIEEZMN
U0 7 A T Ak LB 2R 90K i A 8 T SO A1 O (R

78R S AS[R] it JE 2 VR ) - 4 2k vk T8I
A RENE L R UM R 38 R 22 J2 it T Ak B 7 A 8
Z B R Ve 53 A, 4% A B S Ak Dbk P I O R K
BRIV AE 22 5 . 2 BLSE T sy SRR AP /DN W T 8 1)
POE T U Uk B 4% A B ) SRR Uk vk B A O, R
0.08~0.11 mg, £ Ab BTG 8 35 25 55 40 2 YRM Uk % 5
JIES 4% Ao 3 A SO HT R R B M 0,38~ 0.4 mg, 5 BB b B
BB VL B A o CREFS AR BE, 4 0.31 mg, 3 3 JIE &b
HIH ) R T R RN AL B, i R O 2 2R 0 R R
JIES 260 38 BRI Ak e O e S ROMR B v, R BH S 7 38
e fE R o o B S A aC i P R S T EA 1
VTR 5 7 A R s 56 3L 4 YRR Uk 3 A 4% A 5 Ak
B o s TR R AR AL R (E R Ik KO, R
A5 YRR 2R MR T A% A B R R TR (8
71N« I 75 it L2 50 A% 84 o A ) 9 L e SR
e, 5 0 4 2 M AT T CF3 &b B 3 25 47 Ik vk
.8 1,17 mg, B3 & T CEM AR B, 7 42 ¢ A
Sy JEMERE o CREF3 &b P 5 4% 81 B9 9k 2k B &8 0.95
mg. B & m T CRF1 AbHE,

0.18
0.16 | a a2 a a
g)o.m r % ; % A Y 7
ﬂo.lz M b
20.10 [ 77
§0.08 _
£ 0.06 _
& 0.04 _
0.03 _ 1 1 1 1 1 1 1 1 ]
S E B 5 £ 8 & &
© % UV 0
P
E6 FAEEELEGNHBIITHES
—0— CK —x— CFM
—&— CF1 —=— CF2
0.5 - —— CF3 —>— CRFM
0.4 [
g
~
o3
&
go.z -
Bor1 |
0 1 1 1 J
FIR HF2R HIR AR
IR

7 7 [E e AR AL 3B 4%k i A 4 ot
2.6 K[E4YIE HE AR Ak B2 X 55 4 bk 5k R B9 3

LS QSO AR RTSN: - wa = Ni up = B R S
F 3 T LU H 3830 PR 3 1 IR R 3 32 43 2 il N 52 M 4
K H AR AL 3 CFM 58 JR 2R k% 9.9%0, b 3%
1o T 4543 2 it A Ak B 5 HLBE 25 43 )2 it AT JZ K 3
T, 38738 PR R AR E S N R L L CF3 A 38 3k Bk AR



5 4

TR 45 AR NT | e S 0 22 i I o L A 5% 20 % 119 52 T 159

H2.70% i FART CF1 AbH, 5B IR & 4% Ab 2 7]
(10 b 1 238 22 S AN I 3 (H 4 J2 it A AR 1 7 SR A T
TR AL B CREM ; 45 40 BEAG B AC Ik vk R 0 . 5 22 57
3 V2 it IES Xeb Tl I 94 94 29 TG 8 25 5 ) 5 3 3 A 4% Ak L
JIE bk 6 2 R AR b T s R AT A5 Ak B 78 S 3 A 40 )2 it
NEALF H, CF3 /98 I bk 8 26 d 35 5 F CFML B
A3 2 e WP Ak B e B & CRE3 (4 4 A0 bk 6 2% 1 8 v T
CRF1. Ji [K A Al 2 34 i AT 4 8¢ R B i 80 %08 I 4
A R[] X b A A 0 BA B T S e R T

AT H R WP
14
de cde
TR
n
n

CF2

=

&}

CF3

i

>
Q

B8 AEMAESEENERITMHESE
®3 AESEMEELLETIER SRS Mk ZE

R DAl
Ab ¥ N P, O; K,O
CK — — —
CFM 9.90a 0.04a 0.35bed
CF1 6.31b 0.05a 0.40abc
CF2 4.91bc 0.03a 0.49ab
CF3 2.70cd 0.04a 0.55a
CRFM 3.28cd 0.07a 0.24cd
CRF1 1.48d 0.08a 0.2d
CRF2 2.00d 0.08a 0.27cd
CRF3 2.62cd 0.07a 0.37bc
3 W

il FES 37 5 R B2 52 W) S B0 R 23 1T A AR A S AR
WL 2R B RO 5 M AT SR T X - B
FEAEANTR R R e A R L R E A R A
2 it S 4% Ak B DG AL 280 K 0 4 42 0 T it Ak L L 3k
A 3 K 7% 70 2 0t A T L2 2 ik 28 )
Ve . AHOCRIF SR o SR WYL UIE 43 22 it ) 4 75 A
HE 2 J2= Hp i 25 18] o3 A 58T A B DA T i R
RIS i T R it A e A AR A AN R R B R A
AT R 7 J2 it A B ] 9/ 80 R AR 0 5 4 A
SCPAREARE ph 98 TH0 T8 2 A1 5 9 X8 60 3% 0 80 BE Z8OR 0
58 o i A5 SRR WA B K 1) TR SR A i
RAE LR AR S MBS A RS 7 RS 28

RIH SNEE B AU 8~14 mm, i A (9B 32 29k [
FEAR AT AT A5 2 mm {5 B A g AR R 2
FW L O3 it N X B8 1) AR R DS W e, BRI i A
BT KW AR - Uk S T (AP B s v R
B AT o PR A 1% IS g [ ) A X R D R gy
LA SRS A7 AR AR 56 v ol 5 0 ok vk L B 5
PLAEUM e S i A B JR R T e & NH, T A S KO
i A [ 6 g BE— 2D R KTy [ e 1
JIIBER: 27 K R NTTR: - B [T 3 o D A N W 4
Hh R I 55 GRS S D it 7 6 A ] S5 PR 3 R Y
NH, A T4 B AC R 2, DR b 380 20040 170 I8k o
AR NE 40 2 it I A5 Ak PR T3t e A 4% 4h 3L, 4% 4 3
P2 5 TE ML Uk LA R R

HLS R RN IR 5 B T R R R
W FIE AL 5 4 R 1 FE A . IR MR R 5
AL M B 22 IR G R R E R DG A LR AR
AR B T SRR bR L 0 A A A K A Y
BRI 7, A 2 R & B L R i P 2 B0 i it 9k
Ve VR Y L SR B 2 B T P R AR S A Ak B
BILL 3 J2 it 8 i e FLIR PR O 3 2 it JES Ak 3 A 3 4 ES
it FIE A BE A L 5 P S RS S B S 0N L ki i R e
AP B B R T B B Y S A R A D,
Ab R Ak 3 0% RV W FRL T A AR /N T e T Ak
B J R S R I v 45 R RS 43 R TR 1 0/ 5% 4y
WA . AR P A% b B - SRR VR Y pH B R
BOFEAT BRI B BT 3 5 MR it P A 2 6 AR i
50 Tt FHT ) AR g S o ol e 5 3 R 3 B
PRZEAE A 5 3 0 R A 1 o A R M R R, PR R
PRI A A B - T SRR, 3 B pHL 1 R B0 i A
VEAYHEAT o A HE R P ) T AS W i O T O A T
T pH BE IR VE R HEAT I BT S .
4 5w

LR 3 3R PR A8 43N b S L O
AN PR AR TR A 2, b id JR R L 5,10,15 em 3
JE it A B S I, 45 RE PR 3R 45 3 2= it N Ak 2R TIC ML LI
Tt 2 [E] AR TR 8 KO 5 4 4 2 it S Ak X A A ) ik
PRI TG T 5 R 5 5 TR AH L 40 V2 e AR AN [ R R
T HEHALCE I £ 5 BE A R R R B 2, 45 A R
TR SR BN R R A AL B A TR pHL U
PUAS TR FR B 1 1 T R
B2 30k
[1] Zeng S C, Zhiyao S U, Chen B G, et al. Nitrogen and

phosphorus runoff losses from orchard soils in South

China as affected by fertilization depths and rates[]].



160

KRR R

%33 &

(2]

[3]

(4]

[5]

L6]

7]

(8]

(9]

[10]

(11]

[12]

[13]

Pedosphere,2008,18(1) :45-53.
Rochette P, Angers D A, Chantigny M H, et al. Am-
monia volatilization following surface application of urea
to tilled and no-till soils: a laboratory comparison[]].
Soil and Tillage Research.2009,103(2):310-315.
Sommer S G, Schjoerring J K. Denmead O T. Ammo-
nia emission from mineral fertilizers and fertilized crops
[J].Advances in Agronomy,2004,82(3):557-622.
Liu T Q, Fan D J, Zhang X X, et al. Deep placement of
nitrogen fertilizers reduces ammonia volatilization and
increases nitrogen utilization efficiency in no-tillage pad-
dy fields in central China[ ]]. Field Crops Research,
2015,184:80-90.
Rochette P. Angers D A. Chantigny M H. et al. Am-
monia volatilization and nitrogen retention: how deep to
incorporate urea? []].Journal of Environmental Quali-
ty»2013,42(6):1635-1642.
S R Ak AT B it 5 A% S it 10 A N T AR e e LT .
gl T/, 2013,3(1) :26-27.
SRR AR B R it R B X /N AR R A A K s
Wiz m )], £3,2006,38(1) : 112-114.
Borges R, Mallarino A P, Antonio P. Deep banding
phosphorus and potassium fertilizers for corn managed
with ridge tillage [J]. Soil Science Society of America
Journal,2001,65(2) :376-384.
Schwab G J, Whitney D A, Kilgore G L, et al. Tillage
and phosphorus management effects on crop production
in soils with phosphorus stratification [ J ]. Agronomy
Journal ,2006,98(3) :430-435.
Borges R, Mallarino A P. Broadcast and deep-band
placement of phosphorus and potassium for soybean
managed with ridge tillage[J]. Soil Science Society of
America Journal,2003,67(6):1920-1927.
Zhang X K, Rengel Z. Temporal dynamics of gradients
of phosphorus, ammonium, pH, and electrical con-
ductivity between a diammonium phosphate band and
wheat roots [ J]. Crop and Pasture Science, 2002, 53
(53):985-992.
PR FE L, DT S E T B BB IR 4 2 it
REXF /N2 A A B R M [ DK B AR 4527 41, 2018, 32(4)
240-245.
Yang Y C, Zhang M, Zheng L, et al. Controlled release u-

rea improved nitrogen use efficiency, yield, and quality of

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

wheat[ ] ]. Agronomy Journal,2011,103(2) :479-485.

Feo Bt AT BURL AR L S R K — R M4 2 IR B R
MR ], AR, 1995,1(1) :29-32.

ARAEH L INHE AR E K — M o3 )2 G B it I B R i B T
FL ] AR5 ,2011,1(6) :6-9.

LU ol S w7 s o v I\ S | P S [ Y
2000.

AW A TR L A RO R SRS P AR R
W ITAG BF 5 [C L [ PR B 2 2 2. 2017 wh B 3R 5 7Y
P SEORAE R S T, 2017,

Lin X, Zhou W, Zhu D, et al. Nitrogen accumulation,
remobilization and partitioning in rice (Oryza sativa
L.) under an improved irrigation practice [ ] ]. Field
Crops Research,2006,96(2) :448-454.

Kapoor V, Singh U, Patil S K., et al. Rice growth,
grain yield, and floodwater nutrient dynamics as af-
fected by nutrient placement method and rate[ J].Ag-
ronomy Journal,2008,100(3) :526-536.

T, E AU, BRI 2 B K A T B 4 i b L 3 kO
SFAERY BT T K L AR FFA 4R 2005, 19(5) : 63-66.

BRI B DY A A R IR XS AN 2 7 i R
LR ST L) ). 1l AR AL B2, 2016, 48 (4)
72-74.

IRT, EWEAR JEE R S5 BEE W) IE PR 1y iT
B AL 1], £ 3274 . 2012, 49(4) . 725-730.

FEIR T M@ R 2 KO S5 A ) I8 BR B i i
B 5 HALLT K 2 ARFF2 4R, 2009, 23(2) : 202-205.
FEAR T R IS O L AEONHL X K AR SR B
Ttk i I RS R AL R R ) ], R34 4R, 2007, 44(3)
492-498.

HHOLT, M R 45 OR [F) 3 8 R Rt
1 W51, £48,2014,46(2) : 225-231.

PNEFE 5K 3 48 . Makeschin FOAS [R] 4 F) F 5 = + 3%
A2 PR 5 i 8 AR T LD K R AR 522 4. 2006, 20
(4):98-101.

E AR BT ANE B FRGH T EM
etk [T0.40Mr T2 2 42, 2009, 25 T 2) :34-37.
EH, 22 30T, i R, A5 4 N TIT Bk b+ 3% pH i 30 4F i
A8 R HCBR 2 B LT AR 8 37 5 Ik 2= 4, 2017, 23
(4):883-893.

FARAS PR FLAE S, 45 ALAE T 30 Z 4Rk -4 pH
18 1 25 A8 A e 3 R I PR 43 A L0 LV o Al B %2, 2007
(3):223-224.



