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Effect of nitrogen application on yield and nitrogen fertilization efficiency in direct—sown winter oilseed rape
(Brassica napus L.)

LI Min'**, HAN Shang'?, WU Ji'"*, WANG Hui'?, TANG Shan'?, CHENG Wen—long'?, SHI Zu-liang®

(1.Institute of Soil and Fertilizer, Anhui Academy of Agricultural Sciences, Hefei 230031, China; 2. Anhui Key Laboratory of Nutrient Cy-
cling, Resources and Environment, Hefei 230031, China; 3.College of Agronomy, Anhui Agricultural University, Hefei 230036, China;
4 Rural Energy & Environment Agency, Ministry of Agriculture and Rural Affairs, Beijing 100125, China)

Abstract: The aim of this study is to investigate the reasonable dosage of nitrogen fertilizer , nitrogen fertilizer type and application methods
for direct—sown winter oilseed rape (Brassica napus L.) in Anhui Province. A field experiment was conducted to study the yield, nitrogen
accumulation and nitrogen fertilization efficiency in direct—sown winter oilseed rape with different urea application dosages, different appli-
cation methods of urea and controlled-release urea at the same dosages. The results showed that there were significant effects of N applica-

tion dosages and methods on yields of direct—sown winter oilseed rape. The manure plant rate had a significant positive correlation with the
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rape seed yield. Split application urea(N180) and one—off fertilization of controlled—release urea(CRU180) at the same N fertilizer amount
(180 kg N-hm™) increased the density at the middle and later stages of direct—sown winter oilseed rape. The high nitrogen rate (N240) in-
creased the distribution proportion of nitrogen accumulation in shell and stem, decreased the proportion in seed and significantly decreased
the recovery efficiency of applied N(REN), the agronomic efficiency of applied N(AEN), the N physiological efficiency (PEN) and the ni-
trogen partial factor productivity (PFPN). Compared with the treatments of N180 and CRU180, the yields of N240 decreased by 2.87% and
9.67%, respectively. Compared with other nitrogen treatments, the highest yield was N180, which significantly increased by 7.53%~
82.15%. Compared with the one—off fertilization of 180 kg N -hm™ urea(U180), the yields, N accumulation of seed, REN, AEN, PEN and
PFPN of CRU180 and N180 increased significantly by 8.53% and 16.69%, 8.80% and 16.02%, 11.68% and 14.30%, 12.53% and 24.46%,
0.74% and 9.13%, 8.59% and 16.76%, respectively. The rational nitrogen application dosage and application methods could increase the
mature plant rate and N accumulation of direct—sown winter oilseed rape, which further increased the yield and nitrogen use efficiency.
Based on the yields, nitrogen accumulation and nitrogen use efficiency, the optimum N fertilizer application dosage in Anhui Province was
found to be 180 kg N +hm™, which included N180 and CRU180. Considering the labor cost of topdressing fertilizer, one—off fertilization of
controlled—release urea is an alternative N management for direct—sown winter oilseed rape.

Keywords: winter oilseed rape; direct—sown planting; nitrogen fertilizer dosage; controlled-release urea; yield; nitrogen use efficiency
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Table 1 Yield of direct—sown winter oilseed rape under different nitrogen treatments

AbFE Treatments F1KE Grain/kg - hm™ 45 Shell/kg - hm™ Z5FF Stem/kg - hm ™ WCFRAE L Harvest index/kg - kg™

CK 686+16.02f 671261.60f 1062+47.53d 0.28+0.02¢

N60 1397+67.13¢ 1355+20.77e 2181+285.61c 0.28+0.01¢
N120 2123+133.57d 1828+58.04d 2819+112.90b 0.31+0.01ab
N180 2545+56.92a 2143+46.14hc 3378+26.05a 0.32+0.00a
N240 2299+83.18hc 2335+53.14a 2873+157.70b 0.3120.00a
U180 2181+112.55¢d 2089+85.46¢ 3284+60.06a 0.29+0.01be
CRU180 2367+64.91b 2213+42.63b 3506+86.39a 0.29+0.01be

T : RS ING - BER R AR ) 22 533K 5% R & K- FIAl.

Note: Different letters in a column indicate significant difference at the 5% probability level among treatments. The same below.
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Figure 1 Changes of density for direct—sown winter oilseed rape

under different nitrogen treatments
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20

F1 2% 2 AT, Jite A () 2008 Ak LX) 47 A 3 35
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(14 4 T 2k 2 3 5 AR Ak B, AN & 180 kg N -
hm™ N180 &b P i /5 3 SF AUE LT, — Uit FH A B IR
FA AR S O IR R IR 2, — kit
PREFAR . L5A B AT S H T R R0 Bk 6 1Y) &5
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LA AT SRR SO A DG R B 0.861,
54—

R2 FERBAEER LM HERMBERE(%)
Table 2 Emergence rate and mature plant rate for direct—sown

winter oilseed rape under different nitrogen treatments (%)

MEE Treatments 38 Emergence rate  J8#2 Mature plant rate

CK 80.04+6.63ab 70.68+7.17¢

N60 87.27+2.46a 71.79+3.13¢
N120 75.56+9.11bc 77.69+2.40h
N180 73.85+2.70bc 84.79+2.86a
N240 63.19+4.61d 78.22+8.41h
U180 66.28+4.02cd 76.33+2.04b
CRU180 83.52+2.64ab 85.05+2.25a

PR E A DG, 100 BH B A4 i3 — U it FH 45 R IR
AT DL I £ g bR R 3R mR R o
24 AEIGRIBAEMNEBRLHERZSENHTIT

1o 22Ut FH B S 2 TR AT S L b AT
RO, AR SRR AR A7 e 2=
B 3) . BUOKE KR MR R R & kS
RIEHI =g 02 E s, ZAE & 180 kg N-hm™
240 kg N-hm B} FPR AR SR LREEES . M
SERE S RAE AN A 180 kg - hm 45 BRJR 5 — ki

®3 TEABLEEELHRNERESE(%)
Table 3 Nitrogen content for direct—sown winter oilseed rape

under different nitrogen treatments (% )

QLT Treatments FFAE Grain 15t Shell ZEFF Stem

CK 2.72+0.05b¢ 0.33+0.02¢ 0.29+0.03e

N60 2.67+0.05¢ 0.30+0.01¢ 0.30+0.03de

N120 2.89+0.10ab 0.34+0.01¢ 0.34+0.03cd
N180 3.01+0.18a 0.43+0.05ab 0.37+0.02bc
N240 3.02+0.05a 0.48+0.07a 0.47+0.02a
U180 3.03+0.06a 0.37+0.03bc 0.47+0.02a
CRU180 3.04+0.13a 0.49+0.07a 0.40+0.03b
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N240 1. 25 1% T Al it 2040 3, ZUIE AR 2% 250 8 FA
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2R AE AR AT A N6O FI N120 40 33 2 3% = T HoAth it
RACH . FEREMT , FARF R R N180 e i
5 CRU180 JG i 3 V£ 22 5% , N180 1 CRU180 % U180
RAEFUAN FH 2 AR 2230 BESCR AN A 7= 1 4
TR 5 14.30% 1 11.68% , 24.46% F1 12.53% . 9.13%
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Table 4 Nitrogen accumulation and distribution proportion for different part of direct—sown winter oilseed rape

under different nitrogen treatments

A2 BB Nitrogen accumulation/kg+ hm™

AbFE Treatments

43 TL EL A5 Distribution proportion/%

FFRE Grain 15 Shell ZEFT Stem FFRE Grain 15 Shell ZEFF Stem
CK 18.65+0.75¢ 2.22+0.33f 3.09+0.35e 77.80+1.52a 9.28+1.41bc 12.92+1.56b
N60 37.32+2.10d 4.06+0.11e 6.42+0.23d 78.05+0.83a 8.51+0.46¢ 13.44+0.38b
N120 61.36+4.99¢ 6.23+0.41d 9.65+1.06¢ 79.38+2.03a 8.06+0.16¢ 12.56+1.94h
N180 76.76+6.12a 9.23+1.05b¢ 12.64+0.71b 77.79+1.43a 9.34+0.54hc 12.87+1.47b
N240 69.35+2.78b 11.18+1.59a 13.56+0.99b 73.69+1.69h 11.91+1.88a 14.40+0.75b
U180 66.16x4.64bc 7.74£0.72¢d 15.39+0.76a 74.06+1.58b 8.69+0.87¢ 17.25£0.71a
CRU180 71.98+2.52ab 10.86+1.50ah 14.08+1.33ab 74.28+2.63b 11.21+1.51ab 14.51+1.20b
x5 AEIRELEEREZMFENRIEH AZE
Table 5 N use efficiency for direct—sown winter oilseed rape under different nitrogen treatments
LEPE Treatments  AIEXRMAIFHRREN/%  RIEAK AR AEN/kg kg™ RIELA F% PEN/kg - kg™ AR A 7= 1 PEPN/kg - kg™
CK — — — —
N60 39.72+3.89ab 11.85+£0.98a 29.88+1.23a 23.29+1.12a
N120 44.40+3.51a 11.97+£0.99a 26.96+0.36b 17.69+1.11b
N180 41.48+3.40ab 10.33+0.26h 24.98+1.62¢ 14.14+0.32¢
N240 29.22+0.96¢ 6.72+0.38d 22.99+0.54¢ 9.58+0.35¢
U180 36.29+2.71b 8.30+0.60¢ 22.89+0.62¢ 12.11+0.63d
CRU180 40.53+0.94ab 9.34+0.39h¢ 23.06+1.51¢ 13.15+0.36¢d
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R A2 RNEFMAN FH 2 AR 2203 A FIARCRA g
AP 14y BIE [ 29.56% i 27.91% . 34.95% Fl
28.05% .7.97% #110.30% . 32.25% 1 27.15%., W78
— & it A KE T SR G U8 i A At 1 s =Rl
P& 1 7 i AT RAE B R AN AR

3 iTtig

TSR R AR B ™ R A I AS L S R
S TR T SRR ) EE R SRy Y R TR
KB A SR AR R AU & U A A A 2 =X
() ), X 358 7o S e T R B e A R R il SR
et HA RIS E L A AR A A
JIES it A A it 2R 2% R A 3 H ) /N DX e 4
FEHH 3538 PR 28 43 Wit FH 1 it R0 AR 5 S R
BRPR 2 — W Pt — 2, il R s 3 4 A T B AT SR
KL, B 2 it R A 8 R i Sk L {H
it U R T 180 kg N+ hm™, 38 it ZUAE A3 7= 2500 A
2 RO R AR 5 R A A
P RIS RSN 5L :y=—0.04447+17.856x+618.57,
R E R BCR=0.970 7. H 2015 4E JR & 17 3 #r 2500
JC- U PTAE NS 5.5 0 ke SRS 4.5 0 kg,
15 R T AU it FH 5 0 188.9 kg N-hm™, A<
B 45 PF N BG4 T SR 1) ZUIE A 4 180 kg N+ hm™ 5
PRSI B A 28 U UMt P 1 25 SR AR, X
T e A1 SR 1 ] (e R o8 KA e Y A
F) AR B i — 8 fE AR U 180
kg N-hm? 20T, IR 43Ut T R R — Uit AN
PR PR 3R — Uit B = Al ey =X, s = LUK
BT R e, SRR R — UMt I 2
S R E S TR E— Mt |, UL PR 2 2kt A
PEREPR R — UM it FH Y A A5 i v =™ 1

W5 2RI, R F B v = 5 =X T LG 3 £ s A ik
B P A R AL B, T o T AR 2R )4 B AR
T T — i WA R LS AL, LA i xoF + 3 33 40 i Wi
WCRE T, D/ BE R o, SR 3« A" AR , PRAIE
KR 5 KT 5 B B = AH 241 ASHIFZE A M o
Bt SR W, ELRE AT S BUR 26 5 b s ™ i (] A7 S
FAEAH O PR IR R — Uk B it Ak Pk e de v,
AH 2 % PR 238 2o 2 (R LG A TSR itk o B i
HRE A KIS AR, PR IR R gk
o BRI AE B R W B X W AT RE R R IR R
PE S A IR 22— A e gE R B A [F Y H
Frr= i &, TSRS % 5 B 1 29 AUIE 20%0~30% , 34 %5

WARCRII B, FERR RIS Bk b5
SOV BT e UK 2%, 255 BRI S DU i I B
W, R R R 3E el — i
5T 2 B, VR 7= 2t R0 28 W A o 28 D AH O it
RARVER SR R R A2 5 S AAEAR
REXE IR ™ & i H-S B AVIE R 26T B i iU e
TR B, U IR e 42, RIS AT, AR H =
M 180 kg N - hm> 34 H ] 240 kg N - hm™, B #% 4 3¢
R AN T2 RGNS AR 7 25023 F0 B UIE D 26 7 T ¢
N180 Il CRU180 4351 T F% 29.56% #127.91% .34.95%
1 28.05% . 32.25% F1 27.15% , Ui W I 3 11 77 5 A A
A RIS H AL AR . AAE A& 180 kg N-hm™ 4%
PET  PRE 53U L A B DR R — U P it I R e 0
FFH & AR 2EBOR | A B R T A2 7 4 Bk
41.48% F1140.53% .10.33 kg -k F19.34 kg- kg™ .24.98
kg« kg™ 1 23.06 kg - kg 14.14 kg - kg F1 13.15 kg
kg™, T [B] TG i 2 22 5, P s /KO s T A RUIE ]
o FHIL AT UL ZRUNE FH e 0 200 [ 3 FE K 18 7
E IR ORI B bR . FEEIE R AT, Wit
FH R 3R T — Wit FH 588 R 3R 38 Ry b 3 26 7 A 380t A
T
A3 Uit AE A A e SR it P O =X, — B I ik
BT 20, HE H LB 50 777, AR —E
FRPEHE R 1 SR e AR A R (H i T
A AR BT AR 2R , 3 IR BE 15 Y, Bl A AR A
55 8l A R BG4 H R 7 S A BRI I S
IR, TR IR 2R A — o B, R 7
TSR A A — PR GG, 8 B T RIS T B
SRR AT AE 7 I IR A R B SZ 3] )RR R
HPEP . AR KK, JRE AR IR R AP ZE
FE BRI Pt 76l AU A 4 180 kg N-hm™
BF, R 2R 43 U it FH 428 8 DR 28— Uk 1P 5 it Ak B F 47
PR FPRLR R BB AU RR 2 AU A A
R TIR A 7™ 7 43 A5 IR 3R — R P kit Ak 3 Y 2% 4
& 16.69% F1 8.53%. 16.02% H1 8.80% . 14.30% F
11.68% .24.46% H1 12.53% . 16.76% 1 8.59% , "= FEZL
R BT 9.13% M1 0.74% , B ARTE B IR & — b3
Jit ALk 3 E ) FH 23 AT T R 3R 43 Wit FH AR B, HL i 5
[ JC 22 5 . JR R AT BEAE T B IR R — kb JL it
AR R E SRR WA R ERA L, i
S AT R R R WO, AR ARG Hh B RE AT
SRR R — Y it FH A B I 3 PR K
Jit T, L Ll /o it A 1 5 R e AP N Tt A T A et A
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