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Effects of reduced nitrogen application combined with organic fertilizer on
yield formation and nitrogen utilization in mechanically transplanted rice
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Bin—Binl, Xie Hong-Kunl, Wang Jia—Yuel, Shi Yuan—Qingl, and Ma Jun'"

'Rice Research Institute of Sichuan Agricultural University / Crop Ecophysiology and Cultivation Key Laboratory of Sichuan Province, Chengdu
611130, Sichuan, China; ? Leshan Academy of Agricultural Sciences, Leshan 614001, Sichuan, China

Abstract: To investigate the effects of reduced nitrogen application combined with organic fertilizer on yield formation and
related traits of machine-transplanted hybrid rice, this study used the indica hybrid rice F You 498 as the experimental material
and employed a two-factor split-plot design. The main plots included two fertilization methods: no organic fertilizer (Mo) and
organic fertilizer application (Mc, 1500 kg hm™2). The subplots consisted of nitrogen reduction treatments. Based on a conven-
tional chemical nitrogen application rate of 180 kg hm™ (N3, used as the control), four nitrogen levels were established: 25%
reduction (N,), 50% reduction (N;), and no nitrogen application (Ny). Yield, photosynthetic characteristics, dry matter accu-
mulation, nitrogen transport, and nitrogen use efficiency were measured to clarify the synergistic mechanisms of reduced ni-
trogen application combined with organic fertilizer. The results showed that compared with Mo, the Mc treatment increased the

B Hh [ R T A &3R5 H (2017YFD0301701, 2017YFD0301706), PUJI|48 B Fh I 564 15 (20 16N Y Z005 1)1 74 1] 45 £ 75 )T T8 44
H(18ZA0390)%¢ Bl .
This study was supported by the National Key Research and Development Program (2017YFD0301701, 2017YFD0301706), the Sichuan
Provincial Breeding Research Project (2016NYZ0051), and the Sichuan Provincial Department of Education Key Project (18ZA0390).
" il {5 fE# (Corresponding author): 1, E-mail: majunp2002@163.com
—VEF B R R E-mail: 15520567967@163.com
Received (WA H #): 2025-04-25; Accepted (352 H 1H): 2025-11-18; Published online (M £% AR H 3H): 2025-12-11.
URL: https://link.cnki.net/urlid/11.1809.S.20251211.1141.002
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).



53 4 7R DR E AT BILAE T AL A 7 f T A5 S 3R A ) R ) 867

photosynthetic leaf area index and photosynthetic potential, slowed chlorophyll degradation, effectively delayed leaf senes-
cence, and enhanced photosynthetic performance. A moderate reduction in nitrogen combined with organic fertilizer optimized
population structure, significantly increasing the number of effective panicles, grains per panicle, and 1000-grain weight. The
treatment with 25% nitrogen reduction under organic fertilizer application (McN,) achieved the highest yield, with a two-year
average increase of 6.04% compared with the treatment using chemical fertilizer alone (MoN3;). Under the combined treatment,
dry matter and nitrogen accumulation at maturity followed the order: N, > N3 > N; > Nj,. Additionally, compared with MoNj3,
McN, significantly improved nitrogen dry matter production efficiency, apparent nitrogen recovery efficiency, physiological
nitrogen use efficiency, agronomic nitrogen use efficiency, and partial factor productivity of nitrogen. These results suggest
that applying organic fertilizer in combination with a 25% nitrogen reduction can enhance the targeted allocation of photosyn-
thates to grains by synergistically optimizing the accumulation and distribution of assimilates and improving nitrogen transport
efficiency, thereby establishing a population characterized by a “large source and sufficient sink”. This strategy achieves a
balance between high yield and high nitrogen use efficiency in machine-transplanted rice and provides theoretical support for
green, high-yield cultivation practices.

Keywords: machine-transplanted rice; reduced nitrogen fertilization; organic-inorganic combination; yield composition; dry mat-

ter distribution; nitrogen transport

IKF(Oryza sativa LOVE N @EKEELL EAER
T, HEreRrs B R e EE AR E
FRRE A AT KRS = i 0 B B AR B R T,
H 1961 4F % 2015 4F, = AL = o8 29 70
5P BRI, AR HMK T4 6.6 i, DIEMFIE
KB, A — 2 Y P KRR e A A % 398 o v
BN, LS N Ak I P 2 D002 s RH 8 1 3 R A 3
WAEAES peah, TR E ZACF] 2R (nitrogen use effi-
ciency, NUE){X N 25%~35%, i Wk 26 [H 5 1] ik 55%~
65% Blo i, A B LA i A 2 AR T
RO R A S 5 YA — R 5 [n] U 28 1 . A,
oAk AR A B B8 s RUIE R R A%, Bl S K A
1R 7 TR BRI Sh ARl T R4 A e i By 1)

FEKFEAR B R R v, A5 HLICHLAE P il A e B
3 A A B AR RN 5 P e SR T, BT R
WY, AHL. JCHLIEECHE 77 58 AT A R0 4% D fig i it
FA AT, WA Bl bR S BE B AN O kR
SR, B0 T ARURE BORN A REUR BT 40 1 4
6.08%. 7.76% "', FpRir= BN 8%~9% 21, H
B 7L R TR B IR A3 R BRI AT KA
T JE AR FALE DU, AR 2666 74 1) B A 2 )
ez, (AR TP B RGN 7.06%~11.79% X
Fofy 2 SR B I ST ARy 7 e A L 2 I B IR AR Ak
K RE SR = AR B AR AL T R AR o MU R
SEHES KRN IL & R R 2 —, R
FERCR | R KR IR AL A 7 A Rk AR (S
R, ARSI AnPUhse T8 B
DA ARSI R . A 25 3 . AR 2R A A S H [
WIABE AN, 23 RBOKFEREARE S . 777K

ERFAMRGEERE 2R, SEEFHER
L, LA AE 2 BE T ALK, B A A (] 43 A 35 5 B 42
FEUST, S5l 2 A A A0 o 2 2 B2 i, G
AR R EHRE AR R ARORN AR 5 B AL
SEAR MR T S B 25 5 MLA R A R A A
5577 R et R xR 2R (I 0 2 B R s T
HraMEER S ARWIR S &S ERME X
Fo PUBRBAAET, BoiEAA HLIE R A AT L SE Bk 4
W4k, HWRRIG RO G B Z R GRS

i, ARWFIEE R 23S RE F A 498 ks
PR, BlEE 2 AR EIRE, AR5 R A FLIE A
AT U ER Wit X K R B A R R L Bl
HER. TYRR B SR MAZHESHiE%
Wi, & E UG RE R AL . Pk AR B R B
TN A4l
1 MRl5A%
1.1 kR 550 SR

I T 2021—2022 4 DU 1|45 B R T 52 M i g
JNA Y K 2F K a9 il 3 FH (30°42'N,  103°28'E)itf
AT oA St A A DU TR DX R T AR 2% 38 MRS F A 498
(PoRIBR BRI, 2 F Y 145~152 d), X505 T
P 2 XS, 2021 4R A1 2022 4E /KR 44 B H
PR B 22.82°CHI 23.34°C, 24 H B K &
35912 869.29 mm 1 685.27 mm, JKAEAE: T W)X
I XSG EE U A G R, miE 1 fios. 2
FERIRTCH B 25, 2022 4F 6 H NA)E 9 H AN
HHE 2021 4R A R BCA Bk b . #F)2 1-498(0~20 cm)
() e o Vb A, SRR AL MR LR 1.



868 (7 552 %
F1 TImERBUMEK
Table 1 Basic soil physical and chemical properties
0 o A A A AL AE
v ” Total N Available N Available P Available K Organic matter pH Bulk density
ear
(gkg) (mg kg (mg kg™ (mg kg™ (gkgh) (gem™)
2021 2.18 125.30 20.20 141.40 29.80 7.58 1.31
2022 2.24 130.22 25.32 202.25 33.74 7.20 1.23

I Rainfall in 2021
[ Rainfall in 2022
300 1 —a— Temperature in 2021 r30
Temperature in 2022 .
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B1 REXKEEEFHTHSENERE
Fig. 1 Average temperature and rainfall during the growth
period of rice in the experimental area
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Table 2 Fertilizer application rates for each treatment (kg hm?)

X MU EAL B, DL UG fL 24 ZUIE 180 kg hm > (N3)
Xt A, FEICIERE B 25% (No). A 50% (N)
AT AN (Ny), 34 M EUKF, R AT
BEAL @ REE=3 13 4t AT BT i
R4 (P,Os= 12%, 75 kg hm?), 4AEJi AR — VR it FH,
BRAE Ry S AL (K,0 = 60%, 150 kg hm?), F4 M 5
JE © REAE=7 3], Hirh, BEEAERERRET 1 d A,
BENTERE ARG 7 d W, FRAENE AR AENE 53 0 7E 5]
DO (R 1) ] b (2R Rt . 45 b PSR
A, W3 2.0t 8 ANk Hl, A 3K, 24 A~/hIX, /N
X 26.6 m* (K 7.0 m, %% 3.8 m). KR
B, HEEHBILEAR, BARMITIEN 30 cm x
20 cm, R AL, BEXREAR 3~5 BT T 2021 4F 3 H
25 H¥ERR, 4 A 22 H#4%; 2022 4F 3 A 26 H#EF, 4
H 23 HAH . Hofth F 1) B2 K i AR 7= A T
1.3 MEmMBEFZ*

1.3.1 3B Add o e TE K R A AT 4% T8
BRERIR A, M BIEA ML . 2R HAE . B
PR, TOKRE TR . B I LR Lk, T
0~20 cm L2+, ARKT G, B4t 6o Hif,
A% R A A AL - kU a2 1 e AL i

TN AHHLIE T B R S At
fib 7 L . PRE . .
Nutrient input Organic Calcium Potassium
Treatment . Urea .
N P,Os K,O fertilizer superphosphate chloride
MoN, 0 75 150 0 0 625.0 250.0
MoN, 90 75 150 0 196 625.0 250.0
MoN, 135 75 150 0 294 625.0 250.0
MoN; 180 75 150 0 392 625.0 250.0
McNy 0 75 150 1500 0 312.5 147.5
McN; 90 75 150 1500 196 312.5 147.5
McN, 135 75 150 1500 294 312.5 147.5
McN; 180 75 150 1500 392 312.5 147.5

Mec. Mo 43 % it F A HUAC I bt A HLAE; No. Nyo Ny il N3 43038 it 0. 90, 135 Fil 180 kg hm > Ay {2 &AL .

Mc and Mo represent treatments with and without organic fertilizer, respectively; Ny, Ny, N,, and N; indicate chemical nitrogen fertilizer

application rates of 0, 90, 135, and 180 kg hm™, respectively.
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SRR, RERIEC, TRIE KR 4.75% .
0.57%. 0.39%F1 6.04%. TEAWBALIT, AR
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Table 3 Effects of reduced nitrogen application combined with organic fertilizer on yield and yield components in mechanically

transplanted rice

ey ahgi AL TR %L ééi? TR TE FEE
—_— Treatment . Effectiv:a . Spikele.tes Seed-setting IOQO—grain Yleld&
panicles (x10" hm ) per panicle rate (%) weight (g) (kg hm ™)
2021 MoN, 145.18 h 148.89 f 87.29 a 3027 e 7082.58 ¢
MoN, 185.79 f 168.44 ¢ 85.79 ab 30.98 cd 8371.31d
MoN, 214.99 d 174.98 d 82.77 ¢ 31.15¢ 9246.28 ¢
MoN; 234.12b 182.67 ab 81.56 ¢ 31.51b 9504.38 b
M Mean 195.02 168.75 84.35 30.98 8551.14
McN, 153.93 g 166.75 ¢ 85.95 ab 30.79 d 7446.84 ¢
McN, 201.70 ¢ 176.50 cd 85.41b 31.18 ¢ 9528.19 b
McN, 22420 ¢ 180.53 be 82.11¢ 31.79 a 10,063.74 a
McN; 242.06 a 185.61 a 79.39 d 3041 ¢ 9810.29 ab
S Mean 205.48 177.35 83.22 31.04 9212.27
F1i& M 112.42" 276.83" 6.64 1.41 43.75"
Fvalue N 355417 122.95™ 51.817 43.09” 180.76"
MxN 3.11 10.38" 1.02 46.24" 5.12"
2022 MoN, 201.83 f 163.00 f 87.83 a 3024 ¢ 7960.86 ¢
MoN, 221.00d 192.99 ¢ 82.94 b 30.96 cd 9848.46 ¢
MoN, 242.83 b 216.76 b 81.14b 31.14 be 10,567.64 b
MoN; 250.83 a 221.08 a 78.94 ¢ 31.45 ab 11,071.98 a
SEXI{E Mean 229.13 198.46 82.71 30.95 9862.24
McN, 215.17 ¢ 163.18 f 87.42 a 30.63 d 8373.02 d
McN, 235.67 ¢ 191.54 ¢ 82.20 b 31.59a 10,528.92 b
McN, 251.72a 204.36 d 80.98 b 31.61a 11,195.53 a
McN; 252.67 a 208.67 ¢ 78.65 ¢ 30.72 d 11,161.42 a
M Mean 238.80 191.94 82.31 31.14 10,314.72
F1{§ M 33.76" 47.30° 1.70 1.58 9.97
£ value N 289.70" 82.17" 63.99” 24,14 237.96"
MxN 6.20" 20.65" 0.07 13.03" 2.46

AEPRF AR 20 M A AL N: A2 R MxN: A UL 5462 R EAR . 1750 88 S5 R 7 5 B R A BRE] 7R 0.05 HESK P28 5 3%

RS FERTE 0.05 1 0.01 HEZEK T2 F %,

Treatments are the same as those given in Table 2. M: organic fertilizer; N: chemical nitrogen fertilizer; MxN: interaction between organic

fertilizer and chemical nitrogen fertilizer. Values followed by different letters within a column indicate significant differences among treat-

ments at the 0.05 probability level. " and ™ indicate significance at the 0.05 and 0.01 levels, respectively.
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17.41%, FFHEH] LAT 485 9.58%, FF 8 & aknt i

F4 FAREGVNEXIAREHERALEEFmE2022 F)

BUREE R 2.98%, 171 2 FF WL G At
12.06%. btz ZUEHG A0, bR PR LAT Al
RO T ALRSL, AR R — TS SR
AR R LA fE N, T AR R AME, 5
McN;. MoN; A H, MeN, (14 55 78 551 i i B 5 LA
TP 3.47%. 11.64%, FWIHA 25%0 it A Hl
JIES Ak 38R 1) K R EL A R A i T R

Table 4 Effects of reduced nitrogen application combined with organic fertilizer on leaf area and photosynthetic potential in me-

chanically transplanted rice (2022)

I TR AR FERE AL FER R BT -SRI
fh LAI - TE AR FE B - TE AR R Photosynthetic
Treatment . High effective High effective LAI potential of jointing—
P FERM LATI at rate at full heading
Jointing stage Full heading stage full heading stage full heading stage (%) (x10* m* d hm™)
MoN, 1.75 f 3.27f 2.28¢ 67.33d 95.36 f
MoN, 2.15¢ 437d 3.08d 70.49 ¢ 123.84 d
MoN, 2.29d 5.25ab 3.94 ab 69.59 ¢ 143.41 be
MoN; 277 ¢ 5.07 be 4.13a 75.58 a 149.12 b
EHI{H Mean 2.24 4.49 3.36 68.70 127.93
McN, 1.82 f 3.72¢ 249 ¢ 66.95 d 105.19 ¢
McN;, 2.36d 482¢ 3.22d 66.97 d 136.32 ¢
MCcN, 3.07b 5.66 a 353 ¢ 67.25d 165.88 a
McN; 327a 5.47 ab 3.74 be 73.65 b 166.03 a
F¥{H Mean 2.63 4.92 3.25 70.75 143.36
F{& M 124.52" 27.19" 2.52 28.29" 49.15"
Fvalue N 337.89" 92.81" 123.15™ 93.41" 189.86"
MxN 29.41" 0.02 7.11" 3.56 2.05

AbPREI R 20 M: A HUIE; N LA AL MxN: A HUIE 54022 BIEEAE o [R50 83 5 A R 5 BE 378 40 BRIEIFE 0.05 HEFR KK 22 57 &

RN HIFRAE 0.05 F10.01 HEFKE 245 8%,

Treatments are the same as those given in Table 2. M: organic fertilizer; N: chemical nitrogen fertilizer; MxN: interaction between organic

fertilizer and chemical nitrogen fertilizer. Values followed by different letters within a column indicate significant differences among treat-

ments at the 0.05 probability level. “and ™ indicate significance at the 0.05 and 0.01 levels, respectively.

& 2 wT5, KAESTRE, B FPRLE R AT,
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No, H Ny Ny 43R SPAD fH(AHM 4 E &) T
R, BXAT BRI A R FE T O AEREZIR . Mc
RPNy Npo Ny 3 Mo [AlIsEUKF-AR 3153 i3 =
3.47%. 5.27%. 5.03%. [FH}, 5 Mo Mk, Mc 4bHE T
SPADfE/MiEHE R, H NREERERZE, RIUAVUILREE
FEA I I REI, 4ERRRGE R S E DL AR
AEJ, MM SRR AREEAE B R IR AR K A= =B A

M1 5 AT, UG AL AR (P, . AL
S HE(Gy) L] CO, e JEE (C) MM A J¥ (apparent
mesophyll conductance, AMC)¥J 45 # & &5, B

Jiti A HLAEST P, Il AMC HA W i 5 0, Bl Ik A
HKEIN, P, G, M AMC FEAR, ¥R R N; >N, >
N, >Ny, 1M G52, £IHH Ng>N; >N, > Nj,
X ] e SR AL > S EE Y AR AN AR, e
LR A BURDCA AR A OCEG Y 16 M, TR &
TEFIZR, CO, AR, S8 C BTk, 5 Mo #
b, B Ci4b, Mc B4 T G AR EFE AR I A T 38 5 .
FEHH RIS 15 d §obA R0 S 7.35%
1 4.99%, SALFEESr 5 m 8.64%F1 5.08%, KL
P B A B 7.88% 1 5.53%. LA 145 R,
Beiti A MUIE BRI T P, 350 G, 2% AMC, H§5R
IKFEmRFEACRE ), (R TP R
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Fig. 2 Effects of reduced nitrogen application combined with organic

planted rice during late growth stages (2022)
AbPRIG] 2 2, Treatments are the same as those given in Table 2.
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fertilizer on flag leaf SPAD values in mechanically trans-

Table 5 Effects of reduced nitrogen application combined with organic fertilizer on photosynthetic characteristics in mechanically

transplanted rice (2022)

Foltf HR SALSE Jifila] CO, He i FENt A T B
b3 P, (umol ;;;;2 — G, (mol;;E ")15 - C; (umol;r;;;): — AMC (mmo%r;;}i’lis -
By i 5 i 5
Treatment ﬁ;jffﬂ 15 d after if;tﬁ 15 d after ﬁ]:jffﬂ 15 d after iﬁfé{ﬁ 15 d after
FHS FHS FHS FHS
MoN, 19.12 ¢ 1520 ¢ 0.68 ¢ 043¢ 314.03 a 313.97a 60.91 ¢ 48.43 d
MoN, 22.03 cd 16.28 de 0.80d 0.56 cd 311.24 be 31153 b 70.79 cd 52.27 cd
MoN, 22.88bed  17.31 bed 0.85¢ 0.67 ab 308.83 d 309.51 cd 75.18 bed 55.94 be
MoN; 24.10 ab 18.52b 0.89b 0.70 a 309.58 cd 306.86 ¢ 76.79 abc 60.33 b
F-H{H Mean 22.04 16.83 0.81 0.59 310.92 310.01 70.92 54.24
McN, 21.35d 16.22 de 0.77 d 0.50 de 311.90 b 312.96 a 68.44 d 51.84 cd
McN, 23.38 be 16.57 cde 0.87 be 0.60 be 309.95bed  310.73 be 75.45 bed 5333 ¢
McN, 24.30 ab 17.89 be 091b 0.66 ab 307.83 d 308.22 de 78.95 ab 58.05 b
McN; 25.60 a 19.99 a 0.98 a 073 a 307.74 d 304.10 f 83.19a 65.73 a
V-3 Mean 23.66 17.67 0.88 0.62 309.35 309.00 76.51 57.24
F 1§ M 124.67" 84.22 29.98" 0.65 9.63 6.44 157.28" 176.28"
Fvalue 20.08” 21.49™ 88.29™ 34.80" 20.75" 114.52" 19.35" 32.43"
MxN 1.72 5.32" 1.51 0.81 0.30 1.93 0.31 0.89

AR FRIF e 20 M A HLAE; N Al U8 MxN: ﬁHLHE A FACEAE o 17 51 BdfE J5 A [ 5 B 25 R Ab BRIEITE 0.05 BEAOK Y- 22 57 3% .

R4 BIFRIRAE 0.05 F1 0.01 MERKE 2% B R

Treatments are the same as those given in Table 2. M: organic fertilizer; N: chemical nitrogen fertilizer; MxN: interaction between organic

fertilizer and chemical nitrogen fertilizer. FHS: full heading stage; AMC: apparent mesophyll conductance. Values followed by different

letters within a column indicate significant differences among treatments at the 0.05 probability level. ~

and 0.01 levels, respectively.
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and " indicate significance at the 0.05
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Fig. 3 Effects of reduced nitrogen application combined with organic fertilizer on dry matter accumulation in mechanically trans-

planted rice (t hm™)
RERIER 20 M BTN FREFRIRTE 0.05 K25 W3

Treatments are the same as those given in Table 2. Different lowercase letters on the column indicate significant differences at the 0.05 level.
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Table 6 Effects of reduced nitrogen application combined with organic fertilizer on dry matter translocation in mechanically trans-

planted rice

ZET Y B R 7/t 3
Stem sheath dry matter transport Leaf dry matter transport
I by iz E kR
f‘(ze{:r Trf;tfent "fa];sir it ﬁﬁk%; ’ffatsir LTS Coz;jﬁ()ion
amount Output rate Contribution amount Output rate (%) rate
(ke hm %) oo rate %) (kg hm %) %)
2021  MoN, 1116.15 cd 3042 a 2530 a 302.16 ef 26.45 b 6.84 bce
MoN, 959.49 d 21.94d 1513 ¢ 194.00 f 13.05d 3.06d
MoN, 1105.54 cd 22.12 c¢d 1532 ¢ 700.48 a 33.81a 9.71 a
MoN; 1231.70 be 23.67 bed 1537 ¢ 418.46 de 19.44 ¢ 521¢
FH{E Mean 1103.22 24.54 17.78 403.77 23.19 6.21
McN, 1020.00 cd 26.93 b 22.76 a 470.61 bed 33.81a 10.49 a
McN, 1217.99 be 25.10 bed 16.10 be 465.09 cd 23.92 be 6.14 be
McN, 1399.40 ab 24.92 bed 17.50 be 575.90 be 26.61 b 7.21 be
McN; 147438 a 25.63 be 18.69 b 597.67 ab 26.77 b 7.58 b
FEHI{H Mean 1277.94 25.65 18.76 527.32 27.78 7.86
FA M 4.53 21.23 2.43 19.62" 13.4 14.38"
Fvalue N 18.77" 1031 37.85" 24.16" 20.84" 19.37"
MxN 8.37" 4,14 4.03 9.47" 10.25™ 10.48
2022 MoN, 1452.88 a 31.89 a 28.13 a 32595 b 21.08 b 6.34b
MoN, 1166.43 ab 20.97 b 16.97 b 246.84 b 11.83 ¢ 3.65¢
MoN, 1258.11 ab 22.67b 16.89 b 256.03 b 10.73 ¢ 3.59¢
MoN; 1255.46 ab 2330 b 17.28 b 131.90 ¢ 5.38d 1.75 cd
F-Y{E Mean 1283.22 24.71 19.82 240.18 12.25 3.83
McN, 978.77 be 20.00 be 13.90 ¢ 676.48 a 35.44 a 9.60 a
McN, 792.34 ¢ 15.55¢ 10.23 d 286.32 b 12.59 ¢ 379 ¢
McN, 500.24 d 9.68 d 570 ¢ 354.47b 14.01 ¢ 3.85¢
McN; 294.26 d 5.72d 3.56¢ 56.04 ¢ 2.27d 0.65d
FY{E Mean 641.40 12.74 8.35 34333 16.08 4.48
F1H M 37.46° 34.50 99.12" 3.47 7.03 0.34
Fvalue N 8.08" 23.66" 78.49" 47.49” 90.75" 33.59"
MxN 4.08" 5.83" 9.93" 13.79" 12.24" 3.65"

AbFRR R 20 M: A HUIE; N: AL AUE; MxN: A HUIC 54022 BIEEAE . [W 508035 A 7 5 B 75 40 BRI 7E 0.05 MESR KT 25 57 &

TR W RAE 0.05 F10.01 MESRK 4 B E

Treatments are the same as those given in Table 2. M: organic fertilizer; N: chemical nitrogen fertilizer; MxN: interaction between organic

fertilizer and chemical nitrogen fertilizer. Values followed by different letters within a column indicate significant differences among treat-

ments at the 0.05 probability level. " and ™

BAMNARHE, 15%%%%Tﬂ+)ﬁu T AR 1Y 53
Be, [FIBFREAR T AU ZEA . AR EMAERD
Syhie, %Tufnmﬁﬁm H55rRC .

e 7 WA, DA DU HE AT HLAE XS 25 FE b 2
Ao R, ANFEAHE TR RN R R s
i, ST R I i R >2E8 . 5 Mo ML, Me &b
R MR R s A R R R

indicate significance at the 0.05 and 0.01 levels, respectively.

14.04%~19.29% . 4.15%~4.17%. K& I FH 09 sk
b, MR R iz e . WRREB L, RN
N3 >N, >N > Noo 7F 2022 At A AU IR AL T,

5 MoN; A, MoN,. MoN, HZE8 R Zhtia &g .
AR alEk, Bt AR R ER S, 5

McN; A E, 2022 4F MceN, . MceN, FUZER R Z bz & |
ZERS R R TR IEG, A A R STk R
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Fig. 4 Effects of reduced nitrogen application combined with organic fertilizer on nitrogen accumulation in mechanically trans-
planted rice (kg hm™)

PRI 20 A EAF/NG FRFRRAE 0.05 K250

Treatments are the same as those given in Table 2. Different lowercase letters on the column indicate significant differences at the 0.05 level.

®7 BAEEANBXIGEERREEHZNE
Table 7 Effects of reduced nitrogen application combined with organic fertilizer on nitrogen translocation in mechanically trans-
planted rice

AR R 2 MR R R
Stem sheath N transport Leaf N transport
GRh) bS] e is bt N Fein bt N
LTHES DUAR A ETHTES DUAR A
Year Treatment Transfer o Transfer L
Output Contribution Output rate Contribution
amount rate (%) rate (%) amount (%) rate (%)
(kg hm™?) ° ’ (kg hm™) ’ ’
2021 MoN, 13.30 f 62.85Db 33.78 cd 17.51 e 74.31 ab 44.47 cd
MoN, 18.98 ¢ 58.74 be 32.50d 24.25d 6599 ¢ 41.54d

MoN, 2730¢ 58.15¢ 36.32 cd 42.81b 74.91 ab 56.97 a
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ES e i LYo
Stem sheath N transport Leaf N transport
20 h¥ 2R 2R
f{‘:e{fr Tr:;tn%ent ”ffaj;szr it iﬁﬁkj{ ffaj;szr it 2 ﬁﬁk ?
amount Output Contribution amount Output rate Contribution
(kg hm %) rate (%) rate (%) (kg hm %) (%) rate (%)

2021 MoN; 32.46 b 59.52 be 37.55 be 45.23 ab 68.82 d 52.38 ab
SEH{E Mean 23.01 59.81 35.04 32.45 71.01 48.84
McN, 935¢g 49.44d 24.45¢ 21.07 de 76.46 a 55.11a
McN, 24.11d 60.01 be 32.26d 36.29 ¢ 72.25 be 48.55 be
McN, 39.36 a 67.49 a 43.85a 48.89 a 76.14 a 54.55 ab
McN; 37.76 a 57.00 ¢ 40.96 ab 48.59 a 71.02 cd 52.66 ab
SEH{E Mean 27.65 58.49 35.38 38.71 73.97 52.72
F1{A M 38.388" 1.92" 0.13 45.34" 2.43 2.08
Fvalue N 220.25" 8.47" 30.77° 203.43" 30.33" 11.06™

MxN 19.27" 24.30" 13.98" 4.73" 3.23" 4.84"

2022 MoN, 8.24 ¢ 34.74 be 16.18 be 21.24d 62.00 b 41.79 ab
MoN, 12.91 cd 33.38 ¢ 16.10 be 33.22b 61.73 b 41.28 ab
MoN;, 20.04 a 4239 a 21.89a 35.62 b 50.75 ¢ 38.97 be
MoN; 20.93 a 39.49 ab 19.11 ab 38.95a 50.95 ¢ 35.45cd
SEH{E Mean 15.53 37.50 18.32 32.26 56.36 39.37
McN, 4.41f 16.74 d 6.80 ¢ 27.18 ¢ 68.81 a 42.23 ab
McN, 11.81d 30.20 ¢ 12.95 cd 41.17 a 63.27b 44.95 a
McN, 14.14 ¢ 30.08 ¢ 11.55d 39.15a 52.85¢ 32.27d
McN; 16.98 b 3113 ¢ 13.80 cd 39.65a 49.87 ¢ 32.00 d
SEH{E Mean 11.83 27.04 11.27 36.79 58.70 37.86
F1{A M 2.77 29.55" 27.23" 44.90" 14.93 0.20
Fvalue N 143.05™ 13.26™ 10.47" 151.51" 76.76" 31.15"

MxN 437 5.76" 517 7.70" 3.66" 7.40"

AEPRIF AR 20 M: A AL N: A2 R MxN: A UL 5462 R E AR . 1750 88 S5 R [F) 5 B R AL BRE] 7R 0.05 HES K P22 5 3% .

RS FERTE 0.05 1 0.01 HEZEK T2 F %,

Treatments are the same as those given in Table 2. M: organic fertilizer; N: chemical nitrogen fertilizer; MxN: interaction between organic

fertilizer and chemical nitrogen fertilizer. Values followed by different letters within a column indicate significant differences among treat-

ments at the 0.05 probability level. " and ™ indicate significance at the 0.05 and 0.01 levels, respectively.
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VB X EUIE 2 WA % AU AR BRI % . AR
i 25 72 3 B R 34 1k B B B B K. A
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Tk, BRI Ny > Ny >N, > N3, 5 Hiifb LA L,
BCitE A MLIE AL PR, B AIE R A % /IR A B
RIS, HRS IR A T &

2022 4F, 5 McN; M E, MeN, . MceN, AR T
W A 7R AR IR R 5.60% . 16.42%, FUIE WA
FHRAY 2 5 22.89% .4.49%, A& FHF] FH 2R3 548 5
6.92%. 41.58%, ZANCA AR5 5 5 31.86% .
43.36%, RNCARAE ™ 153 548 5 32.24% . 85.58%.
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Table 8 Effects of reduced nitrogen application combined with organic fertilizer on nitrogen use efficiency in mechanically trans-

planted rice

RETYFAFME  RIEEWAHE AIEAIEAHER ZERFAHE ZRmAEh
Ay Ab P Dry matter production Use efficiency Physiological Agronomic Partial factor
Year Treatment efficiency of N of N efficiency of N efficiency of N productivity of N
(kg kg (%) (kgkgh (kgkgh) (kgkg)
2021 MoN, 136.23 a — — — —
MoN, 11237 ¢ 66.11a 25.46 ¢ 14.32d 102.25b
MoN, 103.12 ¢ 62.96 ab 23.58 d 16.03 ¢ 76.54 d
MoN; 91.95 f 57.07 ¢ 21.66 ¢ 1345 ¢ 61.95¢
I Mean 110.92 62.05 23.56 14.60 80.24
McN, 136.90 a — — — —
McN, 122.86 b 4122 ¢ 56.10 a 23.13 a 110.71 a
McN, 106.24 d 51.68d 37.51b 19.38 b 81.51 ¢
McN; 101.60 f 51.28d 25.60 ¢ 13.13 ¢ 61.20 ¢
FEHI{E Mean 116.90 48.06 39.74 18.55 84.47
F& M 3.54 6.53" 31.33" 41.18" 52.77"
Fvalue N 341.24™ 52.32" 216.55™ 76.88" 231.20"
MxN 55.43" 18.69” 12.34" 1.43 13.02"
2022 MoN, 107.06 b — — — —
MoN, 94.79 ¢ 51.87d 4717 a 19.45 ¢ 110.49 b
MoN, 82.95¢ 57.24 b 27.61 ¢ 17.27 d 77.52d
MoN; 76.91 f 56.18 be 2191 ¢ 13.72 ¢ 58.90 f
FH{E Mean 90.43 55.09 32.23 16.81 82.30
McN, 11127 a — — — —
McN, 90.99 d 56.14 be 33.54 b 24.07 a 118.10 a
McN, 82.54 ¢ 66.03 a 25.33d 22.14 b 84.16 ¢
McN; 78.16 £ 53.73 cd 23.69 de 16.79 d 63.64 ¢
SEHIE Mean 90.74 58.64 27.52 21.00 88.63
F1H M 1.38 73.54° 25.99" 40.12" 50.56"
Fvalue N 328.76™ 44.97" 162.86" 81.68" 221.20"
MxN 7.61° 20.83" 13.38" 1.76 4.49"

AEPREE 20 M: A LI, N: A2 U0 MxN: A HUIE 54622 BE H AR . [R50 8035 5 A 7 78 7R AL BRE AR 0.05 R K2R B3
RS FERTE 0.05 1 0.01 WEZEK T2 F %,

Treatments are the same as those given in Table 2. M: organic fertilizer; N: chemical nitrogen fertilizer; MxN: interaction between organic

fertilizer and chemical nitrogen fertilizer. Values followed by different letters within a column indicate significant differences among treat-

ments at the 0.05 probability level. " and ™ indicate significance at the 0.05 and 0.01 levels, respectively.
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