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K M U AR I it P AE /K RSB TR 3 ~ 5 eom 1Y
Fgech SOl Uy 2 RE A R K R X R
(g Wi, R v KRR 1 IR A P S A 7 Y, SDN
XA i MR AR AR E 2T R TIRZ
WFFEIF BB 2 R, SR LG 7 9 28 2 SR A

RSB 2023-02-10; FAB#: 2023-05-27

BEE&B: ek r a5 SO HE B R B (MR 4 2022-31) 5
2022 AF A4S TS IE & 3R] (2022BBA002 ) 5 K IT R0 M AR 4%
SR\ AHAE T TR RO S (KF202109 ) 5 EISE S
W& (2017YFD0200705 ),

EEEA: AV (2001-), ABRME, FEWFIEIT IR IRLE
AEHMIT. E-mail: 1787089572@qq.com.

BIVEE: 4R, E-mail: houjungoodluck 1@163.com; XY, E-mail:
1553671854@qq.com.,

— 138 —

B SR, EIMEATSE ) HI B SDN X
KRG 7 AV RO TR 0 25 5 A B AR
Al fE. LLAL, SDN 3 5= 8 o/ b 52 3138 AE i 52
Wi, i, EREPET BRFE M, — ot SDN it
R AT I 25 4R = /KRS 7= i ORI F AR 5 SDN i
Je 3B A T U RUIE Y 348 7= 34 4 5 — Uk % SDN e
DL Y N N 1 2 NI - K R O S e
FE0, MR T—¥K P SDN, SDN Jinj 309 36 AR 2> fd
KRG FRA T w5 %) 77 £ FVEURI 28, SDN (1) 388 7= 348
BUVE A AZ B BIAE DX . A PR G . AUIER AR+
AL PRSI . B e IR AR K R P A
WIRE A e R FH B A SE 5 R 1, 0 R oA [X e T
M, IR SRR, SEUKRET R AR R
M o7 R AE S ] © 8 K e 2 AR R AR ] ol A A 0
HAY R LA s ), A 6B R A R R
SDN Xif 7K A= Het AR FRSCR AR . RS R A
FEHRAE SDN Xof 7K e 7= et A /U FH S5 55 1 A R

S




| T T

rhE ISR 2024 (2)

——

(T

IR Z A PR R R IR I, JEh, A
LK KT B ILAEHGLA HERH I %
22 SERETEAT. BE, 75%5 A IFTI
o4 A R R [ R RS SDN XK R 5
BRI . ABFICRIEE GBI, SRt
IR 45 BT R L RVRURL TR 10
SR, 3 B AR AR I AT A 32
T, SRR R SDN B P36
et

1 #REIZE

L1 Bk

)+ [ 0 (CNKI) F1 Web of Science P
AN BHE PR X e 195G T K A SDN 7 i S A&
PR B N A ) B 2 6018 SCHEAT R 2. 9300l
DL PRI KR it A M HRER” A
“rice” “yield” “deep fertilization” “China” A 5
TR R ARAGAH O SCHR . SCHIR T 196 42 20 T 0 1B 2 F
(1) DIKRE (e, WERE, ARG, BERS . A%
ZHE ) AT G R R, HA W e
Moy (2) BB AL BRAAZEL 5 A B HLIEAE (BN,
Mo, GBS 1 ~ 33) AISDN (NGB AE B # A IE
1 ~2W%), HEEMAREMERZEAET, A/ afl
AA MR ESE; (3) BNl EE AT
3 (4) SARKEATRZE LI (0 ~ 20 em) J
RERAE PR BT RO, A4S DI R S a . BAEE
o SCHR DB S 1Y) 54 3 5 Get Data Graph
Digitizer 2.24 ( Get Data Pty Ltd, KogarahNSW2210,
RN ) fe i, 2ead e, R S56 jH SCiHk,
204 AAEHE (=i 214 4, RRW LTI 2124,
ACE R 114 41, OO IR 56 4 ). AR 3C
7% Chen 45 1 RIS K LA A3 E 11
THEFR T Pbn e, R SRR AR
L AR AR, MK S 1515 ~ 2, >2;
%% Zhang % " MR SOR I AR 0 (5250
kg/hm’) . 1 (150 ~ 250 kg/hm®) . & ( < 150 kg/hm®)
3K KAESE R R A AR
Ay R WM R AR D i AR 4 AR
WE 5% AR MHESE T ik, KR AL
Fo A A, SDNIKH, 2R & 5. BAEE
LOROR SRR M IX CREA D T2 AN A AE S
) AR O R B, RS ik 1
B

S

® 1 MRERIKFEEMEF AR LIEE

BRTENRHAE
iR A Iy
i ENF vs ENF; CN vs ENF; CN vs CN
JiA: (kg/hm®) < 1505 150 ~ 250; >250
Rt AL 15 >1

25 (gkg)

B (mglkg )

< 15; 1.5 ~2;>2

= 90; 90 ~ 150; >150

KRR HiFE; A, 2eschs
Tl [X 35k FRACREIX ; KITIRIBRGIX 5

BRI HABASIX
P AR = WZAE, WERG

TE: ENF FI CN 23 SRR SEUIE RSO &L, ENF vs ENF YR RER
BT R REZUT A AU CN vs ENF A7 R UG 20
AR ESORAUIE, MGG EUIE SR AR AL s CN vs CN AR I
FRARUE RN R ZUE Y R BN ANE . RIS LR AR . RIRIT
AT RICERE X AR . FRT . A ARE. VL0
HOWITTA MRS . A R . WA . W
AP A A X F RS S mA . SNA S, FIEL
1.2 Bt 554

BB o3 5 R 22 AH B ST ) B ST G R
F1EmEE G . ABFTE R Metawin 2.1 BE17 5%
G Hr ), IR A SR Ko B L InR S
R SDN X 7K 7 f . RN I 803 Kb i IR+ 1)
AR

LnR=1n(x/x,)

o5 Y x, F 2, 4300 02 BN AT SDN X 1) 7K
Fet e am M BRI FHRCR B I8 . TEor 2T 3AA I3
JOENF, R FE O S B w7 B AT IAAR B, 2 =X

nr .
SD:  SD;
=—5+t—73
nx, nxy,
1
W=—
Vv

VNEAR SRR, WO AL, SD il SD;
A3 BN Zb3ZH A SDN ZbHRZH R 2z, FH™
P BRI 5% VN AR R A B SD. Hob n 2R
FEE SR BEALON AR RS- YN, 95%
B {5 X [8] 2% H bootstrapping (n=4999 ) L #1714k 11,
N A SR S N R (R NS S N 1 BU /A2
(e™_1) x 1009% HEFFE 4,

WR -2 ER 95% B XNESTE, &
MHi% BN 4l B 5 SDN 4l el E 25, Witk
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e 95% EAR X EEA EE, WA ENTHY
HAEREZES, AEFZEA R SDN 4b 3 i
FE T BN; 176 H] SDN 40 ¥ i Z{% T BN, i@
U N 8 90 07 N [ Ba e R LV @R (R R K o3
Ky, FRIZER P<0.05, R IRISE AT TR
Pk, BRI &5 SR AZ e Dy X R B, a]
FHBEDS ARG I, 75 SRR
AR LS B SR FH Fxcel 2010 I Meta Win
2.1 #47 Meta i1t 73 Hr. 7E Meta 53 M1, A[FAL
) 7= g R ARUR) FH 3803 0 8 35 P 4B T SPSS 1.0,
& 1 FIFH Meta 4347 T 212 2H7K RS SDN %7K A 7 2
2R R 3503 1) Wi 7 EE R FE SDN X 7= 2 K2 R
ORISR, oA 5628 B 2 ma i, LA 5
IEAME (P<0.01), /KAF SDN X7 5 A2z FH

45 ¢
a Mean=0.04
36} SE=0.08
s n=212
g [ P<0.01
§ 18}
H#
9 L
0
> Q o\ AN O N N
TN SN AN N NN

4 4 7

SDN BNy 7™ &M i Lt (% )

40 ¢ Mean=0.05
¢ SE=0.08
2t
_ n=212
< 24t P<0.01
% 16}
0 A RAANRNARN A .I. .I. N
RN
PSSO N

SDN S BN RAF=Hm R (% )

ARSI (%)

R E A 7 T ENE SR A8 ) e 1 L
SEXIAE 43951 M 0.04 £0.08, 0.22+0.24, 0.05+0.08
F10.19+0.21, PRI AN FH 28 A K508k % A i B 45 ok
IR, BENLARAR T N2 E R &S Y
“Random Forest” it 45 [ R X SDN “$4%” 1
FARY S [16] , XM Sigmaplot 10.0 72K

2 RS54
2.1 FEARIGARGT
SDN #¢ BN fg B Z I /K g =&, 5 BN ML,

SRS oy 18K BE Sl 4.57% (BB X RN 3.57% ~
5.62% ) (#2), 5 BNAHL, SDN AT B A & I
AT AR 2E T FH ARSI FH 25 B 348 4 IR 3 533l
N 23.94% . 4.57% Fl1 21.11%,

20
b Mean=0.22
1 /.\ ean=V.
5T SE=0.24
n=114
P<0.01

o e LLLLLLLL h“ll .

A XD & O O
S FP ST I PP S

SDN5BN A4 2 FIH A i b (%)

16 ¢ Mean=0.19
d SE=0.21
~ 12} n=56
X
- P<0.01
L,E:
¥4
0

NI TR TSI NN NN
/Q'?’ /Q'-\'/u-\ /B'Q AN NN

SDN5 BN AW W A1 e mi iz bE (% )

1 8 (a), BERFFMAE (b)), BERREESH () MEEREFIAKE (d)ERSTHIAE
TE: IZRARREIRE B I IES M (P<0.01) 5 Mean FI SE 43 SIRFERIGT- A EAbRERR .

K2 BEASEMRERERXNRREATEREFARERNZIT

i H FehE (kg/hm®) REMET T (kehkg)  HEAFFHE (kekg) AEWIBFIHRE (%)
BN 9098 + 455 49.74 +2.49 13.14 = 0.66 35.84+1.79
SDN 9510 £ 475 53.35£2.67 16.43 +0.82 4347 +2.17
(%) 4.57+0.23 457+0.23 23.94+1.20 21.11 +1.06
EAEXE (%) 3.57 ~ 5.62 3.55 ~ 5.59 19.30 ~ 28.24 15.68 ~ 26.79
7 BN R R EHUGAC, SDN MGG T,
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2.2 MG R KR = )
22,1 RIEZKAEFAEIX . KRGS AR A2 )
TRt S0 7= e () B

AT RFW (E2), AR X %
FUET, AKX > A RER > KILTSREX Xt
T K FEIEAIN &, SDN 3 NB XK fg /= 1)
PETFE R AR > RIS > Z2sc s, HooRiRa T iE
JE 0 6.85% (B AFIX 0K 5.42% ~ 8.33% ), HliFF
FEFHIREE N 5.11% ASFEIRIFPAERC T T, SDN 458
BN X FR A fm PR IR T (7.39% ) KT WZER
(2.00% ).

HIJTREIX ! : I
PRI ey ARIX. i ol 162
ZRALAEIX. ' —e— 39

B HEFF i —o—i 99
NS ! 53
A3 el 53

itk PR | e 93
Beas s 4

20 70 0 10

FERSRTHIEEE (%)
B2 AERKEMERX, KEEBMAERS
TSR B X E R 2
T n SRS, R 2EE AR A Y, L 22 HE 95% BAF XA,
SARPERBAT B IR TR AR IR AL IR AP 3522 5, ST E AL
FRAL TIFL

2.2.2 NIRRT A SRR A UL BT DR it S T
i CHAl

i 3 B, SDN X 7Kg ™ i i i 5 A H IR
JTIEVIG, B LI S i, SDN Xf/K
Fef 7 B v A R S SRR 3 a3, A
< 1.5 o/kg BHE AR BE B K, 4 10.45%. SDN Xf
TR 7= e 1o P T o - sk 2 S A 38
FEAEY, MR < 90 mo/kg I, TR EE e Kl
9.47%. WK 4 i, 5 BN A, AR A MR
Jite 2R 2 Ui I R B % 4 T SDN #41E i 35 48 R 7K
FrAE . XFAREZEA SN, 4 BN &4 N AM
Foft Sy R ORI SDN Ay B4 3% R AR IS, 7 e 42
TR e = 6.67% ((CEAR X [AIN 4.23% ~ 8.95% ) ,
HEES AR, MEBARNIEM, et
JE SN R, AR < 150 kg/hm® B, PR

T8 B A 8.65% (7 X [H] N 6.64% ~ 10.96% ).
SDN Jp— K PERGACET, PR fe ARz 3.93%, 1A
Jits & A (il AR vk & >1 ), SDN = & 32 T I8 B
4.56%, W F—Util, H2E 55 A3,

T
1
<15 ' —e— 17
1
A5 (gkg) 1.5~2 e 102
: —o— 37
>) 1
|
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ .
<90 i e 25
y 1
MR (mgkg)  90~150 v 14
1
1
. . . .
-10 0 10 20

FERRTHIEEE (%)
B3 AELEFRSKETNRER = E15108H 2200

CNvs CN i —e—i 166
ZahFh  CNvs ENF ' —eo—i 33
1
ENF vs ENF b 15
77777777777777777777777 :777777777777777,
1
<150 ! e 48
it e i 110
(kg/hm?) 130~230 : “
>250 '
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ N
1
| —e— 46
R 155
1
a1l

RO
ML o,
-20 -10

10

(=}

FEEIRTHIEEE (%)
B4 ARAEETMRERX 2GRN

2.3 MR R KA R FHRCR SE T 5 1
231 AN[FEPKFFZEA FiAE XA R A AR AT )
TRt N ZUR RS T 52 )

M3 FrR, EARKKFEIET, SDN &
BN Xf K A &R AR A A E L AR i 2 77 T R
WA FH 2% A 0 B T, RN A AR 2 R ] R
R T ) P 2% 3 e K, 4 T RE 4 0l R 37.01%
F140.43% . TEAS 7] B A X R, SDN XJ 7K A5 1)
RAHRCRARA W4T, BARRM N X
(39.29% ) > ZR AL FE X (29.50% ) > K V13 3k fF X
(20.94% ). SDN X 7K F& & 2 M A 7™ 77 R 2R WSO
FHAR BB T8 B oA AU AR X R, 430l oA 12.60%
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1 14.97%, AFEEFFEEIZCT, SDN XK # A& F
FHRCR BT B2 0 SR o TR, PR A

RACARIIR . AR L7 T AR R WO R 1Y
ARSI 31.46% . 8.63% Fl 28.63%

F3 AREKEEE, X, FHEEXTURERXEF BREROZME

. ARSI AR MwA 1 REWMA FHRCE
& WE (%) BEXE (%) g (%) EEXE (%) g (%) BEXE (%)
KA T 2027 (59) 1428 ~ 26.62 7.96 (97) 6.32 ~ 9.72 1727 (31)  12.54 ~ 22.35
Ml 37.01 (30) 3035 ~ 44.13 571 (58) 392 ~ 7.52 4043 (12) 2823 ~ 53.12
A 17.39 (23) 5.87 ~ 29.09 -041 (53)  -225 ~ 1.46 9.77 (11)  -5.62 ~ 27.87
HhIX ARILAEX 2950 (19)  22.61 ~ 37.77 12.60 (37) 9.75 ~ 15.76 1497 (9) 1161 ~ 21.36
KT X 20.94 (85) 1540 ~ 26.44 349 (162) 230 ~ 4.68 495 (39) 221 ~ 1582
FTAEIX 3920 (10)  27.04 ~ 52.63 6.89 (11) 5.19 ~ 8.61 — —
HAbAFIX — — 0.26 (2) -0.46 ~ 1.00 — —
R AR R 3146 (49) 2560 ~ 37.32 8.63 (91) 7.14 ~ 10.20 28.63 (25) 19.28 ~ 38.17
XUEA 18.18 (64)  11.82 ~ 24.82 222 (114) 079 ~ 3.62 1449 (30) 947 ~ 20.44

T 55 AP IRE 6 B R AL A I REA R, IR

2.3.2  UR[A] 3 o A U B R R K R
FI AR BT 5 1)

W 4 fra, AR AR 3R SDN Xt &R
BRI R AR, BEE LA S BN, SDN
o 7K R AR 27 1) FH 38 4 1 W s B S s/ N 3 m - e 4
A< 1.5 ghke BHE SR BE R, 0 51.56%, 7KAEA

FAwA P E IR B AR, B IR A
TGN, SDN X 7K e L R W WO 2 4 e Y
R RE BAR Ry 2R < 1.5 gkg. 1.5 ~ 2 gke
I >2 ke B 38 W 4> 9 R 51.95%. 19.04% Fil A
%, BEAE AR R B i, SDN X K AF A
AR R R A v 0 R R e 0 S . A [

x4 AEBHEEN. FREEM. HEEREMEER R TMRERXEF AR

i ABEAFF % AR AR WIOR HRCE
g (%) BEAEXE (%) g (%) HEEXE (%) B (%) BEEXM (%)
g <15 51.56 (16) 34.23 ~ 71.04 9.60 (19) 6.67 ~ 13.04 51.95 (7) 39.26 ~ 66.08
(gfkg) 15 ~2 1435 (52) 7.67 ~ 21.64 276 (108)  1.19 ~ 438 19.04 (34) 1197 ~ 27.41
>2 22.84 (20) 10.75 ~ 35.60 6.07 (29) 3.86 ~ 8.24 -3.03 (4)  -2044 ~ 18.19
LA <90 4375 (22) 33.63 ~ 5572 10.53 (26) 8.38 ~ 13.04 48.11 (12) 36.51 ~ 60.64
(me/kg) 90 ~ 150 49.45 (7) 24.19 ~ 81.03 6.10 (15) 3.06 ~ 9.20 3991 (7) 23.36 ~ 58.58

>150 34.54 (14) 23.54 ~ 47.43 11.08 (22) 733 ~ 15.20 — —

At ENF vs ENF 10.81 (2) 9.78 ~ 11.85 3.15 (15) 1.38 ~ 5.25 — —
CN vs ENF 28.81 (17) 14.05 ~ 43.43 6.67 (33) 422 ~ 9.05 2929 (14) 15.73 ~ 45.69
CN vs CN 23.41 (95) 17.56 ~ 29.36 429 (166) 3.04 ~ 5.57 18.55 (42) 12.15 ~ 25.41
Jti < 150 34.89 (30) 26.06 ~ 45.14 10.88 (48) 8.16 ~ 1375 27.30 (12) 1620 ~ 41.38
(ke/hm) 150 ~ 250 28.54 (49) 19.72 ~ 37.93 3.16 (110) 1.66 ~ 4.60 26.01 (27) 14.94 ~ 3832
>250 9.80 (35) 234 ~ 1722 4.36 (54) 248 ~ 6.30 27.30 (17) 531 ~ 14.92
IRV 1 15.52 (31) 425 ~ 2671 4.14 (46) 1.64 ~ 6.86 1633 (27) 8.18 ~ 24.65
>1 24.52 (71) 20.01 ~ 29.19 533 (153) 3.98 ~ 6.67 20.55 (25) 14.48 ~ 27.42
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A F T, CNvs ENFXT R ZER AR K, A&
i A= 7 7 R 2R W ORI FH 23R B T R R R
A3 9 K 28.81% . 6.67% F129.29%. Fifi % Jiti A & 1
Hhn, EEARS AR A R WA ™ T i 5L T
BTN, AR WA FHSCRSE TR B A 22 AR
SDN B AR AL (AR L >1) REA R,
A 7 3 RUR) 353 0 B8 T S 3 44 K F SDN — I
Jite A .

11.57
10.21

Sl %
e}
I
%
ke

Pk
Tt
0.00

2.33

i

=
1.42
5.00 10.00

W (%)

15.00

12.10
10.97
10.88

10.21

M 3%
o5
))gt
b

4.62

3.93

Tl X 355, s WEMA N

0.00

5.00 10.00 15.00
HEE (%)

2.4 RN FIR AR R IO A FE N R

) FH B ML AR AR 53 AT SDN Xof 7K A 7= s S U1
RCRIG MR 152 DR R AT B 2R i (1] 5),
TSR TN R 2 MEVE AR AR , IR (EBORER
AR P BRI XA P AR R Y
A—ERIRE, I A R R B,
AR AR AR 3R R
R, HARPR R

b R
2R
it
TS
KA
AL AL
Tl X 35,
Tt
0.00

19.77
18.31
15.09

SR R

5.97

5.07 » )
RERARFRIHR
4.94

1000 20.00

FEE (%)

30.00

17.67

A 15.14

B2

5.59
5.03 FEWRICRI R
AR @ 1.20

0.00

10.00 20.00

TEE (%)

Bs5 BEZRZMUXRERKECFERENANENERZE

3 it

3.1 MR AT 7K AR 7 5

AT, ARFEKREFAE K, KRG A A
FRE T SDN X P IR AR [ R AR 1 B 5
FEOH, SDN F3 ) Xof B4 2 e 1R 2 e 7 i 2 T R
P R, X SRR R —8G FE, A
TR R IR i R TR R T RS, 4
4 7.93% 1 2.00%. X5 HZERAEF -1
it A e, BlandErh X, R

S |

120 d 247, FEIRA N N 226 kg/hm® 7, ZRLFE
Xt B TR 7 R X R VTR X, R ] g 2
ARIR X Z A B RAR R, 0 A R T
SRR DX Ry B R A AR s DA R X 4
RAE R FHME (1.68 gkg) KT ARILRE X AN
BRI A S =P (1.92 F01.95 gkg ) (A
WEFEEE ). AT 2B R 3R & X KRS = |
FHiEEmW (K 3), 7FHESAMERAINE &
T SDN S 7K 7 7 s 4 T B e K i A AT i A1
JE 7 A st R S s L, IR T, Uk
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T LS SR M A R A ™ 1B, 5K A A
SR HE R ik i I R X R Y SR X SR
JH SDN 34 # K W F1. BeAbh, ABFSE & 8L SDN fii
AR AR R 43 01 J 5 18 7™ 6.85% 1 5.11%, B H
i 50 S O BRSE A3 BN SDN e i 1
237% ~ 15.91% FIALERIRE ™ A&l wFot %
Wiz scRes (ML 1538 FIARPIIL 1468 ) SDN JC i 3
7, JE PR LRI b 22 SR H IR T 241 (8667
19639 ke/hm® ) #575, SDN He= AT EME, B TZ
YRt AN 22 g U — Uit Y e i i K RE R R oK
Fr LK S FRAS B A KRR, TR EK RO S
IR AMAEHERER D, FITREREMER
3.2 MR N KA R RCRSE T A5 )

AR K RG2S b X ds A0 b AR A 2R SDN
Xt 7K R AR SR A S TR B s i A R, R
w0 BRI S, SDN T RIRS FIRE R 24T L) 4R
E AR RS e 2 RS R, R AR L
FAFRE AT = A R — SRR, DTG 2R 7K A X 4
FIERORA, AR RIS T340 S /N A A i 2
ARG (4 B 173.49, 220.47 F1203.61 kg/hm® ) ,
I 2GR AR 2R 3 R SR P ASCRAE o o
FZERE I E R R TR (E3) mJREFE
SERRBREM LT WU EREH RRE . RS, LTI
P FRASFIER 2 T AR IR X R IR
RRFTRILHIE A HREIX, [HERELAF AR
FHEGF R RS XK, SRR 207w, S s
i 250 S A ZRAE e XK RE RS RN IR A, 2
M2 KRB FH R AR R

AR 3R AT SDN XK R AR BCR
AN b AW N X LPARC R | e 3 3 I = - 4
by oy = 3 AT} 174 4 R B RAIG, DA UIE L
RORKEMG . FEARAE ST, SDN DIgE BN AE Sy 5
B, S RO R Rt RR i — 2l D /R Bk
Y, ERBAMCE R AR, REA RO
D111 = e Rl w0 = RS2 % £ VA S N (T v i w473 Ca .7/
B, TR KRS R R A AR T AR
FEIGRLOM Z L FN SDN 45 & A i 2 4 i /K F R
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Effects of side deep fertilization of nitrogen on rice yield and nitrogen use efficiency in China: a meta—analysis

HU Yang', XIAO Da-kang', LI Xuan', LI Jin-tao', HU Ren', REN ke-yu’, HOU Jun'", CAO Yu-xian’ (1. College
of Agriculture/Engineering Research Center of Ecology and Agricultural Use of Wet land Ministry of Education, Yangtze
University, Jingzhou Hubei 434025; 2. Institute of Agricultural Resources and Regional Planning, Chinese Academy of
Agricultural Science/National Engineering Laboratory for Improving Quality of Arable Land, Beijing 100081; 3. College of
Life Sciences, Yangtze University, Jingzhou Hubei 434025 )

Abstract: The effect of side deep fertilization of nitrogen ( SDN ) on rice yield and nitrogen use efficiency under different conditions
was investigated to provide a theoretical basis for precise fertilization of nitrogen for rice. By collecting published literature, this
study established a database of rice yield and nitrogen use efficiency under 214 groups of SDN and broadcast of nitrogen ( BN ) . The
meta-analysis method was used to study the improvement of SDN on rice yield and nitrogen use efficiency under different rice planting
areas, soil physicochemical properties, nitrogen application rates and so on. The random forest analysis was used for the main
controlling factors of SDN’s impacts. SDN could significantly improve yield, nitrogen partial factor productivity, nitrogen agronomic
efficiency and nitrogen recovery efficiency by 4.57%, 4.57%, 23.94% and 21.11%, respectively. For the different planting areas,
the yield improvement of SDN was the largest in Northeast rice area. Different rice types had different increase rates in SDN yield and
nitrogen use efficiency, ranked as Japonica rice ( 6.85% ) > Indica rice (5.11% ), and Hybrid rice had no significant effects on
yield increase rate. In terms of the improvement of SDN on nitrogen agronomic efficiency and nitrogen recovery efficiency, it ranked
as Indica > Japonica rice > Hybrid rice. Under different crop types, the yield increase rate of SDN was single-season rice ( 7.39% ) >
double-season rice ( 2.00% ) , and the increase of nitrogen use efficiency was single-season rice > double-season rice. Soil properties
total nitrogen <2 g/kg and available nitrogen <150 mg/kg had greatly improved the rice yield. When nitrogen fertilization rate of SDN
was <150 kg/hm” and top-dressing nitrogen application, both the rice yield and nitrogen use efficiency were greatly improved. The
results of random forest analysis showed that the increase of SDN on rice yield was mainly affected by soil total nitrogen, available
phosphorus and nitrogen application rate, while nitrogen use efficiency increase rate was mainly affected by available nitrogen,
nitrogen application rate and available phosphorus. SDN can significantly improve rice yield and nitrogen use efficiency. And the use of
side deep fertilization of nitrogen in Southern rice area and Yangize River basin did not increase yield and nitrogen use efficiency as well as
Northeast rice area. SDN was conducive to increasing the yield and efficiency of rice in soil with low nitrogen content. Nitrogen application
rate of SDN should not exceed 150 kg/hm’. Enhanced-efficiency nitrogen fertilizers, topdressing nitrogen fertilizer and phosphorus fertilizer
combined with SDN are beneficial to increase the sustainability production of rice.

Key words: rice; side deep fertilization; nitrogen; yield; nitrogen use efficiency
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