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Table 1

Experimental design

JEAEH (kg hm?)

M AL Fertilizer amount R 3
Place Treatment N P.0. KO Fertilizing method
L K o 615 sl HURRL. SEBEIRE5562.5 kg hm 2HIGUALAN 135 kg hm, &#EEE, ¥5) ORISR

PET0~ 15 coill)2

VUL, ZANE675 kg hm 2, B, HSHOERIBIRFET0 ~ 15 embf)Z; RFIC, 43

FP 251 675 81

BENEA B S b 75 kg hm2, 225 kg hm™

U, FaEARl675 kg hm2, BERR %0 kg hm2 S 4LH0 kg hm2, SHfHRrEL

T1 230 675 81

TR2IMBREENG s S BEIAHE K 120 kg hm™

HUER, BEPEALEI600 kg hm™, BEfR —4%16.2 kg hm2, SfL#15 kg hm2, Sk

T2 214 675 81

[ 2ETR SR EE 5 4 BEMIE PR 2K 120 kg hm™

U, FE B MEAEARLS25 ke hm2, BER —4432.5kg hm2, ZALHI30 kg hm2, SiHH:

T3 198 675 81

[FIAR ST AL ; 7y BEIE PR 3 120 kg hm

WUERL, &2 PEALRI450 kg hm2, BEFR —4#%49.0 kg hm2, ZfLAI45 kg hm2, ik

T4 181 675 81

[l AR SIMITR LT s 7 BEMIE IR 3120 kg hm

L MU, S BERRE5562.5 kg hm2HISALAT 135 kg hm 2, £EREE, oMUt E IR

CK 0 675 81

PET0~ 15 cilh)Z

HUAfRL. 40675 kg hm™2, JLjiti, 5 HUGRHIRTETO ~ 15 emBfZE; RE. 4

FP 264 675 81

BEAR&E M 50164475 kg hm 2, 225 kg hm2

HUER, B EPEALRI675 kg hm2, WML —4%0 kg hm2 S ALAH0 kg hm2, SHHRLE L

Tl 245 675 81

IRSIMGHEN ;7 BERTEIERZR 150 kg hm2

WHUER, B EPEARI640 kg hm2, BERR —4%7.5 kg hm2, 5046407 kg hm2, ik

T2 237 675 81

PARSIMGIE; 7T BEWHAEAR K150 kg hm

HUERL, F&E PEALRS50 kg hm2, BERR — 4427 kg hm2, S ALA125 kg hm2, ik

T3 217 675 81

AARAIMGEE; T BEWHANER 150 kg hm

MURR ., BaEHALRI490 kg hm2, AR 4240 kg hm2, SALHP37 kg hm2, S

T4 204 675 81

HARSIINREENE ; SrBEMHE K 3 150 kg hm™

BB, FaEEARI410 kg hm2, BERR —%%57.5 kg hm2, ZfL4153 kg hm2, S5

T5 186 675 81

[l ARSI TR AT s o BEMIE IR 3 150 kg hm

FHHAREL (% ) = BUEAIPRL R R U
Wk AR B R i

2 FER59h

2.1 MRBEREXT K FE 2R EE R 2R
SRR (FP) ML, #5850 S LI
e [a) A5 I Gite AE AD B T 1 il T2 A3 RO A ™ i Yy

A, HEEMET 23% A9 T4 A1 TS FEE BT
R S BURAE FP AR EL, ARG RE X R BORn S
OO R, 45505 TR N BA B, 10
R S AUH LR MIEEAR AL B T1 5 T2 %=
Jor= b R R AR AR T B 3 R, 7E RUIE I ik
21% 1% T3 A1 T4 PRI TR (£2) .

R2 HURMIRME Rk R 8 R EA R E R KRBT

Table 2 Effects of mechanized side deep placement of nitrogen fertilizer on yield and the yield components of rice

o RSO

wi b R0 ) WRE FRH e TREE )

Place Treatment ~ Number of effective panicle Number.of grai Numl.oer Of.ﬁ lled Setting rate 1000-seed weight Yield

panicle grain panicle

EixiH CK 191.2+£10.2d 89.2+89b 83.4+79b 93.5+05a 279+03a 44+0.29d
FP 4024+77a 121.7+14a 107.0+14a 87.9+0.1d 26.0+£0.3d 11.2+0.20a
Tl 413.5+6.7a 120.5+0.7a 105.0+0.6 a 88.1+03d 265+0.1¢c 11.5+£0.06 a
T2 4069+3.6a 119.7+2.1a 105.1+1.6a 91.6+£0.5b 26.4+0.1¢c 11.4£0.06 a
T3 398.0+10.2a 1200t 14a 105.4+2.6a 89.5+1.1¢ 26.2+0.4cd 11.1£0.06 a
T4 340.1+£6.7b 1152+5.0a 1053+4.6a 927+04a 263+0.1cd 9.6+£0.35b
T5 3002+ 11.6¢ 113.6+4.0a 106.1+44a 93.4+0.6a 26.8+0.1b 83+0.15¢

1L CK 217.0+4.5d 112.0+3.0¢c 106.7+1.5¢ 929+02a 2723+0.10a 6.13+£0.03d
FP 395.6+6.8a 1373+0.5a 1193+1.5b 86.9+0.8¢ 24.48+£0.03d 921+0.04a
Tl 400.5+6.1a 138.0+0.1a 1233+1.5a 89.4+1.1b 24.53+0.03 cd 9.23+0.07a
T2 3993+2.8a 1357+0.6a 122.3+1.5ab 90.2+1.1b 24.56+0.02 cd 9.23+0.04a
T3 381.0+4.8b 1263+1.5b 123.6+0.5a 934+1.la 24.59+£0.03 ¢ 8.88+0.09b
T4 366.5+53¢ 1250+1.0b 123.6+2.1a 92.0+0.82a 25.11+0.06 b 831+0.14¢
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A5 AL FH AN 56 ™ i 5 7 A AR R ]
B 8] 5 B 43 Bk Y = —25.13067 + 0.02759X, +
0.06581X, +0.07995X, + 0.39112X,, F=6811.32, P<
0.001, 1Y = 24.51471 + 0.00416X, + 0.01927X, —
0.00204X, — 0.79155X,, F=65.00, P<0.001; Mzt
Y KRR, X Xy Xs AT X A3l R
FE ., BEORIRL. 4hORMTRIE . A HrAE R
AT, XK = e 5 7 A s R 2R ) G R A0 AR 4y

PR BARITERER] (K 3) , ST
BH A 6K R 7 A B PR 3R B A R ) -
ARER > TR R > S50 > T-RIEE NI OB >
FORLRL > TR > 4550, A ROEE, BRI
KRR R AR A G, A SR TR U 5 K AR
EHR A, XU PLAR R R it L B AR 3 2R
TEPRUEA BOR BRI BR B 2 AR T, s $2
GRS TR FOR AR E A

#z3 KEFEMREZERNFENBESH
Table 3 Path analysis of yield components to yield
i1 FE R R 2 FRTEEL R4 ZER FAHIE FEHD
Place Yield component Number of effective panicles Number of grain panicles Setting rate 1000-seed weight Yield
HRREEL 0.9889* 0.2248" —-0.1817" —0.0440 0.9880™
A e £ 0.6896" 0.3223™ -0.1939" -0.0589 0.7592"
ZESR -0.7684" -0.2673" 0.2338™ 0.0389* -0.7630*
ThiE -0.4370 -0.1904 0.0913* 0.0996 —0.4365°
FRREEL 0.1692" 0.2928" 0.0081 0.4519* 0.9220"
7 TR AL 0.1535™ 0.3227" 0.0117 0.4012" 0.8891*
1LFH P . v .
GhIR -0.0952 -0.2622 -0.0144 -0.2521 -0.6238
TR -0.1393" —0.2359" —0.0066" —0.5489 —0.9307"

G]E x1: ﬁ@t*@ﬁ, x2: *@*T/‘M, Xx3:

23 ERESKETENRXMEST

Hie 1l 20, 55 AL 7 16 0 FH K
R B[R] B MR AL B A, AE— 5 T Fl A I
HEFHEE, KRS B Rk, NI “AEmE&”
X it S AT AR H e R THL A A IR 1o A ]
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AL, A (KD 1-a) FUZFE (& 1-b) Pl s,
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BRI 3545 5 FP ARSI ()™= 5, B FP L35y 51|
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2.4  RE)iEAEALIERT R AL FI A RS0

GIRG RN EE RN R ATE S ATV v
O (F£4) o SATHBEEACML, #ER8RX T1-
TS5 A A NE R A HZ (NRE) | ANERZ=R0OR
(NAE) A= J7 (NPFP) 31 5eH N B Y

Relationship between nitrogen application rate and rice yield

i, Hor, T1-T4 4b3 NRE BT 8.41% ~21.2%,
T1-T3 Zb3 NAE #4017 2.23 ~3.57 kg kg, 254
IRFR K fRsEr= 71 (NPFP) SR bl 25 it 20 o
HIREIA BT TR, (B4 32T FP AR, 11 [HiE
#1 T1-T4 ZbFE NRE 34007 10.4% ~ 15.8%, T1-T3 4k
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P NAE 34411 T 0.10 ~ 2.23 kg kg™', NPFP 425 T
3.24 ~9.46 kg kg, FIWE R T FP. WAL S
TR NE A B R R AR A AR P RCR T ) B A 7 0%
W16 A5 it R T P BRI S W T Bk e, B i
[ TS5 Ab3E i T HAAM DR AE AL R, (BT BT
FP AbFH ;3R A BRI 0 b it 2R 1 R 2 I

WA RS, 5 FPAHLL, AEEHES T1 A0 T2 4
WIEEN T 1.37 kg kg™ F10.88 kg kg !, 1L PHiRH A5 T1-
T3 S AN T 2.54 kg kg, 1.99 kg kg 1 0.86
kg kg, 2SRRI E K. PR A T2 A FE
RURFE RS & = T FP, H A4 KT FP AbH,
(EESZR:IITE -/ SN

x4 NIRRT KERRFAENZN

Table 4 Effects of mechanized side deep placement of nitrogen fertilizer on nitrogen utilization efficiency of rice

Al R AN RERA AR TR R ELVeiR
i i GiHES BES B LS €S PR E;FIJ}EE % 1EH
N recove N agronomic N partial factor N grain production N biomass production N harvest
Place Treatment overy - P .. gramp P N physiological .
efficiency efficiency productivity efficiency efficiency . index
(%) (kgkg") (kgkg') (kgkg') (kgkg') efficiency (%)
Eix FP 2776 £1.06 d 13.85+0.58 b 24+0.71d 56.94+0.96 a 50.72+£1.03a 49.87+0.67 cd 69.00£1.15b
Tl 41.09+1.26b 16.08+0.18 a 46.87+0.24 b 51.24+0.12 be 4550+ 1.30b 51.24+0.12ab 68.65+1.24 b
T2 4243+£1.52b 16.11+0.04a 47.94+041b 50.75+0.85 ¢ 44.81+£0.50b 50.75 £0.85 be 72.70£0.94 a
13 4895+ 1.50a 17.42+0.68 a 52.18+0.29a 49.32+0.77d 44.15+0.47 be 49.3240.77 de 68.02+£1.29 cb
T4 36.17+2.35¢ 9.89+1.84¢ 46.87+1.85b 4849+0.11d 43.08+0.96 ¢ 4849+0.11¢ 68.55+0.37b
T5 19.00£1.70 ¢ 3.94+£1.09d 44.50+0.64 ¢ 52.14£0.68b 45.16+0.24b 52.14+0.68 a 66.02+1.55¢
bl FP 2539+091 ¢ 1227+0.23 ¢ 36.77+0.16 ¢ 56.60+1.05a 51.38£0.88 a 4834+094 ¢ 68.60 £1.25b
Tl 35.83+£1.00b 13.48+0.38b 40.01£0.29d 50.88£0.39b 46.21+029b 50.88+0.39a 68.17£0.93 b
T2 3947+0.64a 1450+0.15a 43.12+0.19¢ 50.33+0.77 be 45.81+0.68b 50.33£0.77 ab 72.10+£0.86 a
T3 41.16+145a 13.90+£0.50 b 4496+0.42b 49.20+0.36 cd 4439+051 ¢ 49.20+0.36 be 67.86+0.61 b
T4 40.76+0.90 a 1237+09¢ 46.23+0.77a 48.44+035d 43.17+0.25d 48.44+035¢ 68.48£0.24 b

2.5 AT EIMEBEALIBRE T DT

SR BUEICA L, 2405 T1-T3 43
OB AR 43 5 B AR T 0 J6 hm2, 99 JC hm2 il 352
J6 hm2, AT RARREE T 600 JC hm2, ML A
BT 25 76 hm 2y B {EH N T 840 JC hm2, 560
JG hm™ 1 280 JG hm2, 25 RiLE| B EF K, 40
2SI T 1370 JC hm2, 1133 JC hm2 F1 1279
JC hm?, 2ZRREN W EIKF . LRHRE S T1 AR
BHSAIEAN T 75 7C hm2, T2 Zb3H Hy Tk 20 iy e ket
AR, MERHSAFEAR T 557 7€ hm2, A TJSA AR
T 600 7C hm2, KALBARM T 25 76 hm2; T1 Al
T2 Z3 - HH N T 56 7€ hm™ fl 63 JC hm2, £k
B K TIS-T2 580z W& T 556
Jthm?, 774 JChm? (£ 5) .
3 g
3.1 HUIEBRE S MRIERE XK FE = 2 AN

R it A A K R Ab AR 07 FH A B 98 R 3 22
{EH P RO RAFAE 25 57 o AW 9% 56 T 10 Y] °F- Ji S 75
FEAE DX 2 /> 12 00 1l 28 8 I R A i 9 4 SR R 1T
HILARR B [ 25 0 % it A mT DA AR B K A R ™ . A A9
BTN [ K 0 e 3 S N T B S W SR '

S a6t A AR RS S e e 3
HEC7=00 Y RIEFE 2518 o BRAR AL RE T & i AR 2o
3 7030 R B S5 RAL AT B . X AT RE S K
R AR AP ERERRIEe22 - R HEAR T | ARALSE R
FIAUGRARAFN SN ZRAT N, SR AL FH P Sa5:
Hb S T1 AT T2 A FUKAEA RGBS A g n, X5
B S T AL [ A5 O Tt A B A3 7 LB 7F 52 45
w2, BIAR DAL BE $ e /K R A= B R Y (e
I, HHTORRGRT, fedt B Ao,
B v KR A RORE R o206 RORT XL A BT 4
Jeeast I S e A A R o ML ] A I R A
BOREEAR T RIE A, B IEREL, KIRBENE IR
P R A SRR, R S i A R R A
o TR T HE B A AT LA 25 58 oK R AR X+ J2
B R AT R AT R e Y, R KR A
i, SENEAAL AR SRR, BEEAK
FOBM LA BRI WR Al B, B UL A IR, 3™

%[25—27}O
3.2 HLIERRE] 2 MR e AR Xt S AR F1 A 2R K AR R i
2 B[=p A

ARG AT, HUIRBLIR 5 MG R 4
W kT RS
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Table 5 Effect of deep nitrogen application by mechanical side on economic benefit

ST R A

PR IN

AALEN

E2N G €

L
i?al:e Tre%tfint Output Fertilizer cost Labor cost Machining cost Economic profit Ou}::ﬁltr[fput
('yuan hm?) ('yuan hm?) (yuan hm?) ('yuan hm?) ('yuan hm?)

fER i FP 31536 +£526.8 a 3135 900 1950 25369 £527b 4.24+0.08d
T1 32149+ 163.1a 3135 300 1975 26739+ 163 a 4.94+0.03b
T2 31814+2739a 3036 300 1975 26502 £274 a 4.99+0.05b
T3 31706 £ 176.3 a 2783 300 1975 26648 =177 a 527+0.04a
T4 26772 +£1055.2 b 2614 300 1975 21883+ 1055 ¢ 448+0.22c¢
T5 23174 +£334.6 ¢ 2390 300 1975 18509 + 334 d 3.97+0.07¢

iLFH FP 25788+ 111.1a 3000 900 1800 20088+ 111b 3.53£0.02d
T1 25844 +189.4 a 3075 300 1825 20644 £ 189 a 3.97+0.04c
T2 25851+ 1169a 2864 300 1825 20862+ 116 a 4.18 £ 0.03 ab
T3 24871 +£2342b 2653 300 1825 20093 +£234 b 421+0.05a
T4 23247+3934 ¢ 2443 300 1825 18679 £393 ¢ 4.09+0.09b
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Effects of Simultaneous Lateral Deep Fertilization with Mechanical
Transplanting on Yield and Economic Benefit of Rice in Northern China

YE Xin, GONG Liang’, JIN Dan-dan, NIU Shi-wei, WANG Na,
XU lJia-yi, ZHANG Xin, SUI Shi-jiang

(Institute of Plant Nutrition and Environmental Resource, Liaoning Academy of Agricultural Sciences, Shenyang 110161, China)

Abstract: [Objective] Synchronous side deep fertilization technique of rice machine-transplanting realized the
combination of agricultural machinery and agronomic technology. The appropriate amounts of nitrogen (N) in the
synchronous deep side fertilization technique of rice machine-transplanting were selected and the cost-saving and
efficient-increasing effects were discussed. [Method] Field experiments were conducted in 2019 and 2020 with a
randomized complete block design at two different places, with different N application levels: CK, without N
fertilizer; FP, Farmers’ fertilization amount; T1-T5, side deep fertilization for N-reducing amounts. The N use
efficiency (NUE), yield components, yield and economic benefit of rice were determined. [Result] Each N fertilizer
application treatment had similar effects on yield formation and NUE in Panjin and Liaoyang in the two years. When
the N application rate decreased by 17.08% and 17.17%, the target yield of farmers could still be obtained, and the
economic benefit increased by 1232-1440 yuan hm™ and 581-799 yuan hm™?, which reached a significant level. Stable
yield could be obtained after reducing N application. Nitrogen uptake and use efficiency (NRE), nitrogen agronomic
efficiency (NAE) and partial productivity (NPFP) of rice were significantly increased. In Panjin and Liaoyang, NRE
increased by 8.41%-21.19% and 10.44%-15.77%, NAE increased by 2.23-3.57 kg kg™' and 0.10-2.23 kg kg!. NPFP
was significantly higher than that of FP. [Conclusion] Under stable yield condition, mechanical transplanting
synchronous deep side fertilization technology can reduce N fertilizer dosage by 17%, reduce transplanting operation
cost by 600 yuan hm™, save fertilizer input cost by 3.16%-4.53%, increase economic benefit by 581-1440 yuan hm>,
and significantly save cost and increase efficiency.

Key words: Side deep fertilization; Nitrogen fertilizer reduction; Nitrogen utilization efficiency; Reduce cost and

increase efficiency
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