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AT 2020-2021 4E7EPU 1145 45 BH 17 22 M X
F5 KA RASHEAT, AT 00 7t vg AL R
J& HR O BGHIR E ZE R SR X, TIRZEN . &
EARIRAT, R,
SR 16.3 °C, /K E N 1261 mm, £
HRE A 1058.7 h, 328K & 1084.26 mm. 2020
10 H-2021 4F 6 H B H IR K EKEFEIL
FERE 1. KA EEY KR, {50
0~20 cm HIEBHE B MR : pH 5.5, A HLA
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Fig.1

RIE 2 2020 £F 10 B-2021 £ 6 AmREEHIRE M BMKE

Daily mean temperature and daily rainfall during the reproductive

period of rapeseed at the test site from October 2020 to June 2021

43.04 g/kg. 4% 2.20 g/kg. HERKME 11.16 mg/kg-
A 69.25 mg/kg.
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F= 1 Rt

1.2 Rt Table I Experimental design kg/hm?

Bl s Ay HERrah 887, MU IE AL Treatment N POs  KiO  fffit Seeding rate
B A B A IR T AE A Fl SRt . 356 DLAS i NoS:o 0 9% 90 3.0
Okg/hmZ\ ;J%ﬁ:% 35 kg/hmz (NoSs5) j\jﬁﬁﬁ, e NisoSs.0 180 90 90 3.0
B 2 AMAEUKCTALEE 135 (Niss) « 180 kg/hm? (Nso) NisoSes 18090 90 45

e EPE&\I‘}E?)O(S ) 4.5 ke/hm? (Sas) Ni35S3.0 135 90 90 3.0
M2 TR AD307 A KRG 545 e NissSss 135 90 90 45

FNXBEAE (P2Os) « HAE (K.0) 4&—H &
90 kg/hm?. ALRIE KFERR, KARKX LESIK 1.3
5, 3 5AKRK, AKX 300 m?, HUFER 1.3.1
WA KX PRI N 3 Nk, BI3AEE. fit
RALEHHREINIRE (B N 46%) BRI i
R4S (£ P20s 12%) IR N &AL B (B K20 60%),
R W PPACAEE— kM . HERLHLIERE S T
12020 4 10 H 18 H R & P20 T AHL & #%,
2021 45 H 4 HYEl. 5 H 10 H ik, HAbE s
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ST (65d) \ FEEW
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BNAS TR bR A= 8 R A R R FR AR BURE , K HE AR
R AR . L 8. ZERL. R TR RIS
157 A Sl i 3 AN g5 Al B = ST o o = 191
TR E, B, JdiEH TR B JRss
HE N2,

13.6 FTHAREZEIAMES LU UEEHER
BonETE, SHLIEFE 0. 65, 124, 137 f
198 d T AR RENKAL &, H Logistic /7 #2%}
T AT AP,

1.4 #HIELIE

FRZHOHHE A LR

B A (ecm?) =K (ecm) x% (cm) X
0.75 (1)

AR S (LAD =R (cm?) xH
A7 A= Hb T AR YRR A T AR (m2) (2)

TR AR (kg/hm?) =%FF (Fk/hm?) x

FRRT9 R 2 & (2) /1000 (3)
AEBE (kg/hm®) =k R E & B R T4

FRE+ARTRAEE<MRTTYRELZHES
HX T (4)
B R R (kg/kg) = Citi %X A ki~
B R R ) /it R (5)
BHERMA I F (kg/kg) = GERX B EMR R
BE-LAXEARHRD) MR E (6)

f Fl IBM SPSS Statistics 22.0 % /4 #E 4T i iR
PEGETH o0 dr, LVPAL &S S 80K P 3 E AR T 22
{87 FH| Duncan 1 58 1) 22 1% 73 A AS [R] Ab B A) 22 52 3 2%
PE. f# ] Origin 2022 £
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2.1 TAEFFBMEST CEREARIATERES

InAESES:0bA

HER 2 P A1, NigoSas AL SE = =i, 7
A EL Ni3sSso+ NissSas Fl NoSzo 4b 2 5 25 3 ;=
16.50% 14.93%F1 69.86%, % NisoSs.o Ab 1 7=
13.68% N135S3.0~ Ni35Sa.s F NigoSs.o AbFH [H] /= & 22
AR ZE . FEE (Nigo) KT, BEHEMEDR
wahn, WeREEAR R AREA RS E BT
B mAKM T, NigoSas 3B NigoSs.0 A0 HE
RGN 37.23% . SREELM T, B E Y
o, BEAR A RECR R 2 RS mEK&
T NigoSas % Ni3sSas A BRIHF AR 0 2 8. A SR AL
HEE ETET 29.30%. 28.25%.

®2 AP ER A EMBE RN

Table 2  Effects of yield and its components of rapeseed at maturity stage

psi ARSE P REARLEL TR P
Treatment ~ Number of branches (/m?>)  Number of siliques (/m?)  Number of seeds per silique ~ 1000-seed weight (g)  Yield (kg/hm?)
NoSs.0 45.00c 1421.25¢ 17.52b 431a 1627.70c
NigoS3.0 235.83b 5789.06ab 21.16a 4.27a 2764.80ab
NigoSas 323.63a 6504.86a 21.40a 4.29a 3143.05a
Ni3sSs0 259.99ab 4865.00b 21.16a 4.29a 2697.95b
Ni3sS45 250.30b 5072.18b 20.94a 4.28a 2734.78b

FFAFNG FRERRAF A ELLE 0.05 KV LEREE, TH.

Different lowercase letters in the same column indicate significant differences between different treatments at 0.05 level, the same below.

2.2 RIBFNIBFE X OB SRR R B E
IR BN S HFHER 20
B 2 45 RRW], BER MM A, A E
BIIEIE B AR M HERE,  REPREE i 2x 20N LAT

BAR ETHES . Hd B S E NigoSas A HAE
W BRI S S LA ¥ &,

NoSso J Ko SFREFKAM T, ASFI HH SR 4%
HE. LA BERE ARG hnm g n,  Forh NigoSas



228

eV &

Crops 2025 55 3

AEPRAE WA, EE . BRI 95 NisoSso AL H
BT 12.61%~48.69%F1 5.59%~40.01%; 253%&
AR, SN G 0 SE B AR SR HORD LAT 1) 32

RO T, NisoSas AbFEAEZ I BEAEHA 0 A4
Ni35Sas Ab FH 80 7 14.34%~36.95% K1 29.78%~
62.85%
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Fig.2 Dynamic characteristics of the number of green leaves and leaf area index in rapeseed populations

23 FBFFBEMEX MR TR R
E B9 52 Ma)

231 HhEFTHRAMRGHERFIE BIE 3 A,

BEAE A R B AR, SRR T B R B AL

o NoSso —= NigSso NigoSss ¥ NisSzo — NissSqs

GRS BhE, A AR A E R S
BARTYRA R B, s B AT
i B2 B R LA NisoSas > NigoSzo0 > Ni3sSzo >
Ni3sSass 73 Al 8 NoSzo AL B 42 5 T 130.45%

91.02%- 84.24%F1 79.44% ., SR EAM T, B

1500 ] NigoSa.s HIHEAR 1) 5 A1 2 24 NigoSao AL FL R
5 1200} 151 20.64% (P<<0.05) , Ni35S30 F1 Ni3sSas b3 2
1L SEAUIR: SFRRACME . S0 R S A
ggg TR E 2R EFHAS, BB NigoSas
‘ggg 600 Kb PR EREAR T A B NissSa s AP 25 4R v
e § g 200l 28.43% (P<<0.05) , Nis0Ss.0 A0 Ni35S30 b FH % 7
AN &
05 %0 T00 T50 700 232 wETHRAHSHEMA @I Logistic A
JFL S Days afe sowing (0 15 RV I SE TR R A A P 3
e AL TR A R B NisoSas b IEEC
accumulation in rapeseed populations . HE KRR AR 1.65 g/ (mz'd) » B NoSsz0 42
%3 MRBETNRRRHSER
Table 3 Dynamic characteristic value of dry matter accumulation of rapeseed populations
Ak Winax Vinax Tonax Tl T2 T VR pg e YUE R
Treatment  (g/m?)  [g/(m?-d)] (G (©)) @ @ Regression equation Coefficient of determination (R?)
NoSz.0 543.39 0.62 140.23  132.05 14841 1636 y=543.39/(1+6.42E+09¢0-1610x) 0.99451
NisoSso  1037.88 1.33 131.66 123.85 139.48 15.63  »y=1037.88/(1+4.33E+09¢0-1685) 0.99472
NisgoSas 1252.12 1.65 133.28 12577 140.78 15.01  y=1252.12/(1+1.43E+10e"-175%) 0.99709
Ni3sS3.0 1001.05 1.38 134.16 127.02 141.30 14.28  y=1001.05/(1+5.63E+10e""-1845) 0.99525
Ni3sSas 974.95 1.28 134.54  127.10 14198 14.88  »=974.95/(1+2.21E+10e1770) 0.99253

Winax: AR E; Vi AR RBR; Tna: K

PR FFE].

Winax: maximum accumulation; Vpax: maximum accumulation rate; Tmax: time of maximum accumulation rate; T1: onset of the rapid accumulation

period; T2: end of the rapid accumulation period; T: duration of rapid accumulation.

UEAM PN ] T1: PO FHARIG T, T2: PREFURMIZ LR, T Pug
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&1 166.13%. SFREFMETN, HHEEN, TY
R KA R PR R T1 A T2 A )5
By FWEFMT, WEAEN, TWREKR
RN, PO A B T A T2 78 SE A s,
HPEAR BRFs] (T) AikiEi. s
4.5 kg/hm? if 34 it 505, 40 e KRR SR 3R
P, REELRE G0

2.4 FAEFNBME XS B HSRRIRIF AR
241 WERZERASBOGTMHLE HFE4
AT, i G RN B P I SR B A R R R AR

SO R M . NisoSas M E A A BRI R &=
o, 7 A NissSso A1 NissSas A& 35 25 390
30.82%41 14.85%, %2 NigoSs.0 AL ELIE TN 5.38%. 4%
BEFMT, FEFhE I =2 WA R =
MEREARAEH, HERARE; SHEXMT
T, EEEN IR ERS TR R AR R E,
NigoSa.s %8 Ni3sSas 4B T 25 9N 24.14%, NigoSso
5% Ni35Ss.0 A0 HE E 10 21.03% . ME 2 4 BE LL A1
KB, KRR 23 L A i i 20 1 1 3 in 34 2
TR

x4 HRBPBHR R ERRRSEHHE

Table 4 Characteristics of nitrogen accumulation and partitioning of rapeseed populations at maturity stage

% Z M & Nitrogen accumulation (kg/hm?)

& F 4B L Nitrogen distribution ratio (%)

Trftfem T 2R ARG b A EY57 R b A
Whole plant Stem and branch Shell Seed Stem and branch Shell Seed
NoSs.0 65.64d 7.74¢ 7.50c 50.40b 11.86a 11.23ab 76.91a
NisoSz.0 129.17ab 23.28a 15.31ab 90.57a 18.00a 11.85ab 70.16b
NisoSas 136.12a 20.60a 17.82a 97.69a 15.12a 13.10a 71.77ab
Ni3sSs.0 104.05¢ 13.58bc 11.05bc 79.42a 13.01a 10.55ab 76.44a
Ni35S4.5 112.47bc 18.72ab 10.92bc 82.83a 17.10a 9.62b 73.28ab
242 R RIARFELHAFIE  HE 4R, AA A P22 WA I, Herh NogoSa s AbFH K ZUIE

NigoSa.s 20 B HE AL KA H 2 &, 70 3K
Ni180S3.0~ Ni35S3.0 Al Ni3sSa.s AbFHIE N 10.96%
37.60%AM1 12.85%, 5 Ni3sSz0 2% FHAE
AT, BEFEA RN, R AR AR R
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=]
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ab ab

w2
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S

RNEFR AN FH =
Apparent nitrogen fertilizer
utilization rate (%)

—
=]
T

NISOSlO N180S4.5 N]3SS3.0
F&F )5 KEL Days after sowing (d)

ANFENE FRFRIRA R L BIAE 0.05 KT EEREE .

N]3SS4.5

A E R R e, 70 %8 NigoSs.0+ Ni3sSao Al
Ni3sSas O FHE NN 33.25% . 6.14%F1 2.60%, 5
NigoSso AP ZE 5 B35 SR EIFMT, WA
FEWLA FH e AU AR 201 FH 22 B il 260 3 ) 2

10
a
cé) I ab a
8 L
o~
o on
. B
W22 b
B << 6F
= = 8
RYE
XE S
22F 4
£ 2f
Z
N180S3v0 N180S4v5 NIBSS}O N13SSA,5

& 5 K AL Days after sowing (d)

Different lowercase letters indicate significant differences between different treatment at 0.05 level.
4 THRABFAR

Fig.4 Nitrogen fertilizer utilization in rapeseed
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JE AT, NI 5200 3 52508 S R ER 5 R YA 110:12.281,,
WRIAVEY A & AW LAT 82528 AL X 8 s VE P =
LRI IR € R =N = X N E AT =8 Ty Wy B R M2
BRI 2 25 0 02 5 6 BN KRR FE B e T #k [A)
HECIR L, 1T LAT A2 52 e # 18] ' HE K P () 5 K A
Fo ABFFERIN, NisoSas AbEE K FhH =K AE 1 1 2
REAEIH B A BOm R 2r 0 LATL. 38 4 1 it 2501
RE i S AT BRI G AR P2 RE 7T, AN AE 5 3k
13080 = A RO BBOR f R, R AR S5 1
Re VMR IR EE G &R, W@ R is i, M
A BARE T4 AR 3R T 2R 20310 7F ey il 8 & 5%
R, EERMEME (M 3.0 kg/hm? 340 £
4.5 kg/hm?) 33k — 42 =5 7 SEFE AR IR ) At B AN LR
MR, 5 FRE M TR R R ME K
T-Hy AR BN TE], AT A5 SR AR AR A K JE ST RE
R RGP R AR 1, NIRRT S
PRI S A2,

TSR B R BT AR A R B AR
O TRLE 3 MR ILE e, Horh g2 m d K 1)
ST AT AR A R B33, AR, i E A
& o B 0yt = 7 B S HL ) R 3R A W S ) A 45 AR
H, HEEE. SFs2ild s 3um R
HORSLHLIE P2 (1) . fEm % AT, e MR
BB S 38ok, R RUE AL AR A 2081
RSt o o e A LRSS A I
FE, AHEW AL =B RER KRR, [ RRHE
TG BRI REAARSE 1L, AT 3RAS S = 2) SRR R
SGUURETEAS 1S 76 2008 B 3 0 B4R i vk
— RN R R BEE TR E IS I, R
(DATTE 2GS O & Wt AT =T = RSk
T2 % (300 000~450 000 #%/hm?) 7] LB & 38 i
IRE MR R =8, GRS RAH,
i 2805 B AR E AR R B A3 N S bk o BB A
RH, eGN0I B R DL
E RS, NS ES Wi &%
FETN, FbR B DR PR S RO D T G, HE A
FERE B0, KRB G RS L BRI . A
WEFLIE I, NissSas Al NigoSs.o A0 H [A] 7= 5 7 77
AR, X T A N Rk 1 PR e e
i B REAR A RO, R RO TR B e 2 2
M, REAEXE. . FoRIRAR, iRk

MERZR, Wiy KEED G =8T). &
PR g, LU R “DUBRA T BRI,

ZAERFH 22 2 PEAN EUIE it 5 B R W) FE 1
REEFRAREO, | N-103437-3919C 18 B 2% A 1 it AL
B it 7 ORH GBS0 VR SR S 3R R %
REFIF 22 (0 g2 e e 7 0 9T . Bl A it % ) 1
s SRR R X AR R S E N, (HER R
B R ER A G S ORI SN, e
f (450 000~600 000 #%/hm?) LK AR % & Ff A
(150 000~300 000 #k/hm?) F7 %) 22.9%~30.6%[¥]
REHE, FENERMNHFRESMD, “UES
A7 ROREE . X5 AHFH NisoSas MHH R R
FEMFI FH 2 5 I 45 R — 2

O A FrlL 263080138 B, 7E — 5 Y [ PN 38 it 20
Tkt JIESFE 8 v P b %5 FE A B TR R =, (H
I — e FREJG,  1 i AERL RN B2 v b R % R T
SBUEFE . AWEICEE R, KPR B i AR
P& (0 K m o, He s m AR SRR
B (NigoSss) AEBKMREEIR IR E, X5E
23 AR S OVRIAS = I S5 ORI 7 45 RAHIL . X 7] g
TA MR ATt P R B ) oA 2 R R R
RIS A AR R T e, S5, WM REHT R
DG 1A ] A 2 X 3kt 260 & A0 K 7% 5 P 2 11 R 1) 3K
55, VYN Fr g DX 3 v = v 80k 35 SR AL B A8 A
FORHE .

FAh s AP B EHE R ) SRR A S R
BEEAS, FH TR B g n, O o S5 A R T P A IR
g, AEKKE GG B ILEAR, X eT B 0 e
Rh &, DAOERE] “ DI RR 7 Ui R e,
grb, A BAEIR T A . PUE I am  a h
it b, MEMAIESEELRE, DEREK, U
AnL.

4 ZEip

FERLF 5 B R0 R R A 0 1 KT
Lo SR RN R g 47 45 5 RS ORI B2 4 v AL
PR [AI, A EEOR AR T I 2 I i R R e
i 2 35 R M R B A AR R, A At
THEEHE R B B R S e, IR SR = T
YRR S R AE A TP AR R, 04 o
MEREE, RARFEFEMZIEHHE. Y
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Effects of Nitrogen Fertilizer and Seeding Amount Configuration
on Yield Formation of Rapeseed by Aerial Seeding

Yang Zepeng, Wan Kejun, Zheng Shenghua, Ao Yugin, Ma Mingkun, Wan Xue, Li Shanshan,
Song Xin, Wang Changtao, Chen Shanghong, Liu Dinghui, Chen Honglin
(Institute of Agricultural Resources and Environment, Sichuan Academy of Agricultural Sciences/
Key Laboratory of Southwest Mountain Agricultural Environment, Ministry
of Agriculture and Rural Affairs, Chengdu 610066, Sichuan, China)

Abstract In order to determine the appropriate rate of nitrogen application and sowing rate for rice stubble
sown rapeseed in hilly area of Sichuan, as well as to provide a theoretical basis to enhance the yield potential of
late sown rapeseed in the hilly area of Sichuan and the high-yield and high-efficiency cultivation of rapeseed. We
did this by analyzing the differences in population growth and development, yield formation, and nitrogen
utilization under various nitrogen fertilizer levels and sowing rates of rapeseed sown by unmanned aerial vehicles
(UAVs). During 2020-2021, a field trial was conducted in Anzhou district, Mianyang city, Sichuan Province. No
N application and sowing rate of 3.5 kg/ha (NoSs.5) were used as the control, and two treatments with pure N
levels: 135 kg/ha (N135) and 180 kg/ha (Niso), and two treatments with unmanned aerial seeding: 3.0 kg/ha (S3.0)
and 4.5 kg/ha (Sa.5) were set. The results showed that the rapeseed yield increased with the increase of sowing
amount or nitrogen application amount under the condition of equal nitrogen amount or equal sowing amount.
The highest yield of 3143.05 kg/ha was attained at 180 kg/ha N application and 4.5 kg/ha sowing rate, which was
significantly increased by 16.50%, 14.93% and 69.86% (P < 0.05) over Ni35S3.0, N135S45 and NoS3, treatment,
respectively, and by 13.7% over NigoSs.0 treatment. Nitrogen fertiliser apparent utilisation and nitrogen fertiliser
agronomic rate reached the maximum. Under the condition of high nitrogen, reasonable increase of seeding
amount can significantly improve the population green leaf number and LAI during the growth period of rape,
effectively promote the increase of branch number, cornering number and dry matter accumulation rate of rape
population, prolong the dry matter accumulation time, increase the total dry matter and nitrogen, and realize the
construction of high-yield rape population and the synergic improvement of yield and nitrogen utilization rate.
Therefore, 180 kg/ha nitrogen fertilizer and 4.5 kg/ha nitrogen fertilizer and sowing amount should be used in the
production of UAV flying sowing in Sichuan hilly area.

Key words Rapeseed; Unmanned aerial seeding; Nitrogen application rate; Seeding rate; Yield components;

Nitrogen fertilizer utilization
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