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90 kg + hm™> J BN, TSR A R 04 A A i S A R A B il P B8 8 S R, B RS T R T R S AR
TR AR RS, SARREMLL, BRAE 3 AN R Zear 4 Py Ae S A B b 1y 5 Lo P R A
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H WL RS Iz . L, A 2T TEm
SR BTN MR N A4 25 Sk, 3d a5 B P AL
AR, PRI IIR s R e ST, LAE
ABA G, SEm IR AW
AN BRFERIBRF A 26T, i) it FH A ) o e
HE, ZRTER B S BAC B0 BRI . R A IR
FROPWA I, B W S BRI R
RIS FR, N BRI 0 A = P AL B FH 1]
R .

1 #REFZE

1.1 e Mg

R T 2020 4F 10 H £ 2021 4E 5 A fEE P4
Mp R AFAL PR G S AT, S A T BT
e, R AR R TR L, $HE L
B AR PE R K pH 6.76, H AL 13.94 ¢ - ke,
4R 0.85 g - kg, AR 15.14 mg - ke, BRLH
165.9 mg - kg™ IRIGATLEAEY R/KRE, s s
FiohfEImaR 62, R EFEFA T, 2020 4 10 A
27 HAEFR, 2021 455 A 1 Bk, k%t e
s L R A R T SR A B H BRI H
SRR 1 FTR, TSR A AR AR AR LK
i, WK ERZ . {5 R aiER
T T . BAWR. BRI

'S

140 b K E — HFHRIR 130

120 + 125

100} 120
E ~
E g0l {155
i ~
% 60 10 28
¥ r

40 1 15

20 F J ” 10

0 LLII l.| llll.ll LJ‘A dl -5

9 10 11 12 1 2 3 4 5
e ( H)

B 1 HXEFHEREMNEKE

1.2 Rt

FH [0 38 6 2R FH U 26 2 K- 10, 3 2 Fif
J A PR iR 4 TR KO, 2% A BRI ANBR
FORIBR B, ANBR A B S 4 A A R AT AT
ff 2 BB 45, PR AL EL £ R LI (A RO o
0.375 kg - hm™ ) BEATHEFIAT B ABR S, RS
— 144 —

B 55 SR BT, WO N 750 L - hm™, M5
IS AE KRR AN R R BRI AT 22051 R P,050
(Py). 45 (Pys). 90 (Py) F1135 (P35 ) kg » hm™>, i
B it MR 4% (P05 12% ), AF 3 AR — WM it F
25 hb A AL 2 N 180 kg + hm™ ., K,0 90
kg + hm™ F1 B 1.8 kg - hm™, HELAE K5 514 60%
Wil KK (N46% ) + 40% FEREIR K ( N
NHEAETE, N44%) . FALE (K0 60% ) 18>
(B 12% ), ¥J—WKMAERIEMEA . A0 HE 3 K
&, /NXEHH 108 m* (6 mx 1.8 m), FHLIXZ
HEF,
1.3 Wi H S0k
1.3.1 R BREE 50T

TSR A NE I ET, SR 2 fUR R EE
(0 ~ 20 cm) 498, KU RS At ik i f 4 JECR R vk
S = T
1.3.2  HEWFE AR S 5P

Ay TSRAE R (2021 463 ) 21 B, #&/5
144 d) . AR (2021 4 H 11 H, #HEMIE 164
d) AU (2021 454 A 30 H, #5183 d),
LEREAS/NXBEHLEI — 0.6 m x 0.6 m BIFETT, 4
SMSCBURE 7 PR A A i S R A bl b,
FESUIRD A1 SR SR RAR S A 3 AN ERURE IS0 ) A
F i AT RN, R AT SRR R S
RZEFF . FFEHEERL 3 AR BRI 2 . T
FEYIRE S BIET . BREE, SRS I 3241, RA
H,S0,-H,0, BATHAE . Mg adri (AA3, f&
[ ) IsE M Al o i
1.3.3 i = s i e 1

WKAT 2 ~ 3 d BEAS/NXIERR 10 #RA RPN
PR, PR A A T, ARG B
FRASREL, BRI OR G TR . S £/
DX YH S ER BRI, 000 TS o
L4 Bt S5t

MR RE (kg hm™) =MFETY R
(kg hm™) x JHEEHESE (%) ;

IR RN R E (kg hm™) = 22 TH B &
(kg - hm™) x Z2HBEEE (%);

A A B R R (kg - hm™) = 38
FHEE + R R E;

HEEBEIE AR (%) = (Rl X 9032 i 15
BER PR B - AR LR R E ) +
EwiE x 100;
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2.1 SRR K A A T

500F

JUEE [ A B A B R X S e e s
Ejif‘%i%gz?‘?z%; E%ﬁi%{m%ﬁ*ﬁ 25001 R 009X+ 19.40X+193.55  R=0.9894°
[=] 2P RIANR -~ o :\ 2066

16 B4 R Excel 2016 300 A7 A8, SR B L Ea
SPSS 25.0 HHATEHREISEHH4MHT, /L (1sD) & |
GRS RR 0 22 50 0 EHEAKF (P<0.0S) . RIT ¥ 150 ’
Origin 2019 224, ?E ___________________________ !

" 1000 ;
2 HR5H5 ;
\51/

W R B 2 AT DL R T SR R
(B 2), 5Py tHE, ASBR IR B AL B 1) A
Jita W5 5 43 591 - X4 4 7 854 F11 1494 kg - hm™, HpE
BN 418.6% F1526.1%, AHFEBEIEHET, &
Qb B ST 7 i TR BR R AL, A i
90 kg + hm™ Bl P, TS KF 7= ok it 255 it ek 110 34
TSN, RS R N R, i
135 kg + hm™ I =2 0E A BRI, CIEBR A5,
SERF 5 R 0 OC RBFF A — 0 IR BRI
b, BRI SRR = 5o 1239 kg + hm™, i
fEREBE A 106 kg + hm™, MELZ T, BRE K
PR Z 2066 kg - hm”, PN 66.7%; TE
Tt 0 34 kg« hm” B, JHSEAF PR AT A ER
PR B AN ) d i e i, BRI SRR AR P e i R 1Y)

: o . .
0 45 90 135
JitiifE (kg +hm™2)

B2 ARFEEE THET 23 a8 E R0 2k
. R P<0.05,

PR AR (R 1) BoR, ik D
TSGR . ROk R SR BORBEFORL A, PR RBR AL
SRS, 5P 4B, s B
B T 189.3% 1 107.9%, HARkf R0 5 F-
PIHEE T 79.7% F11289%, EiFARIEU 5 H 4
T 18.0% F129.7%. BRI ELE R 1 bk A RACH &
FARIEL, SORBREAHEL, BRAS SRR AR A B
& 1 653%, FEAREUT RS T 99%, FRELHIE
T R 2 B A R XS WO A A A 2 28 AR

WAL HIRFEAR T 68.5% (P<0.01 ), [HBRGRGEHE TR BRI 2
F 1 AEEBKEMEESE ThEF 2R ==MWHEF
it e Wk (O - hm™) BBRARE (A - B HEFRAC CRL - 1) THE (g)
(P05
kg + hm™) NCR B B B AERH B AERHL B
0 12.04b 17.59¢ 37.3h 50.1h 15.0b 15.3h 291a 3.06a
45 33.01a 25.00b" 72.4a 115.2a" 17.4a 19.5a" 2.94a 3.14a
90 36.36a 45.83a" 61.1a 117.2a" 18.2a 20.3a" 3.08a 3.07a
135 35.07a 38.89a 67.7a 111.8a" 17.6a 19.8a" 3.07a 3.10a
D5 253K
TRHRH (W) ns ok ok ns
R (P) ok ok ok ns
W x P ok * ns ns

T F—HIR /NG PR R A —BR it T 22 7 8 (P<0.05) 5 * Hl = IR BRARURBR AL 22 7k 8 B 3% (P<0.05) Fitk

B3 (P<0.01) KF, ns FREFALEE. FM,

S
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22 AFEBHAEHEZR AT (# E35) AP
AR S A, TE 8 90 kg - hm™ i [Bl 4,
TSR 2% e 11 A 40 4 o it ol 1 4 S 4
B RO TR A, BRI T A A
(R 2). AR, MR, 4t
TP Py A HS AR E, 5 Py ALFEAA
b, ANBRE Py, b BRI A 50 3E = T 6.9,
3.8 Ml 42 %, BREJG Py, ALBRAGHEAYIRAE 3 4>
EF WA IRE T 6.1, 4.1 F 53 4%, ZREMAY)
RNl FH R B 4 2 Py A PR 1.6, 1.2 Fl 1.2
£, S5 AR FAH AT BIBE AL T 60.0% . 61.3% Fil
52.0%. it FHBR S ALY (038 + 22055 ) M

R2 AREBKFMRAEE

SRR R AR AN I, (ER S R T AR
FAY R YRR S (WT), MELET
PERRMHEDE, SARBREAMI L, BRS04
Yy oy B T 47.0% . 57.7% 1 66.6%, WIT {H
I3 9 I REAR T 58.8% . 67.1% H160.4%, A FH
FEARFEEE R N A s 5 Py AHEL, BT Kb JH 7 it
J& WIT {H 3 SRR T 64.0% . 71.2% F1 72.0%,
I REABRE R 2.6, 3.2 F12.6 i, DAZRE 5 8/
Yyt 2 (8] 1) FUABAE by 2% XTI = 2R 1 i 5 4 1 i
AT PR AR o, AT LAAS ok RNt il T LA A%
HiH 55 2= ORI A e A Sy, R HEIER
2R

BETHXEEENTYRE

. iR W (kg « hm™) 4 (kg + hm™) MEPRE (kg - hm™) Fewhr M (%)
FI boske ) Rl o g 3 i o Rt B
1 0 231c 376¢" 370c 249c¢ 601c 625¢ 61.58a 39.86a"
45 1071h 1628h" 1184h 343h" 2255h 1971h 52.51h 17.40b"
90 1824a 2688a’ 1487a 405a" 3311a 3093a 44.92¢ 13.09¢°
135 1906a 2703a" 1378ab 386ab’ 3284a 3089a 41.97¢ 12.51¢"
eS| 0 T44¢ 1100¢" 855¢ 504ab’ 1599¢ 1604c 53.48a 31.42a"
45 2816b 4636h° 2058h 471" 4874h 5107b 42.22h 9.22b°
90 3602a 5624a 2617a 581a’ 6219a 6205a 42.08b 9.37b
135 3659 5703a" 2486a 534ab 6145a 6237a 40.46b 8.57h"
A 0 638¢ 877¢ 1084¢ 663ab’ 1722¢ 1540¢" 62.94a 43.05a"
45 2547b 4361h° 2315h 587h" 4862h 4948h 47.61h 11.87h"
90 3302a 5530a" 2704a 7944’ 6005a 6325a 45.02b 12.55b"
135 3349a 5617a 2671a 752a" 6020a 6370a" 44.37h 11.80b"
AFE (T) <0.001™" <0.001"™" <0.001™" <0.001""
AL (P) <0.001"" <0.001"" <0.001"" <0.001""
FLHAEH (W) <0.001™" <0.001"™" ns <0.001""
TxP <0.001"" <0.01" <0.01" <0.001""
PxW <0.001™" <0.001™" ns <0.001""
TxW <0.001"" <0.001"" <0.001"" ns
TxPxW <0.001"" <0.001"" <0.05" ns
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2.3 AS[EIEHIIRE A B 1 e A R A R
I e R A X = S A% R ) Tl 5 e I AR 3R
HHAAERENEW (£3), AMERESE, 1
A1, AR ALY, TR AR R B A A R
it Wl B B SE INTITHEN, Pyy S IA BN E CRBRALAL
B AR SIS o D Py BRI BRAN ), AN IBRRE
545, AEA AR A 0 S 2 T,
B IRSERE & i T4, S5, ARA:
31T S RD 2% 14 A A i e P e O R AT
o 2 B R TV SR AR A A Y R
W, SORBREAML, BRE)S 3 AR R R
B E T 59.6% . 70.4% F182.5%; WAL,
THI %5 2% 0 1 1l 2% R B e 3 2 P I v B

B R R EEAE I . A SRR B A I 7E Py,
JRIEEIRARE, 5 PoMIEL, Py AbBRAE A G HEHH S
BRI RS T 100, 6.3 6.4 15, B
SARIEE T 84, 6.2 7.8 %, [HIkE, ZerimiEM
FIRTE Py A TRE, BREZMT, Py AL A
B R LR B0 P ALY 2.0, 1.5 F141 4%, 5
AEREHEL, 20K T 55.6% . 63.4% Fl152.9%.
B G A F A ) B B R AR R g R g, (H
W EERRL T A A SRR R S L, ABRET,
FEBE R R OB R LR 50% A4, NAFE
FE ARG, HEBEE A B R R W45/,
FEOH AR R R KT BR A B PRSI 4 101 TSR 19 43
B, R HE R AR T2 B A i R R

R3 TEEEKFMREEETHRXRAENHSENHRRRE

e (% )

BERM AR (P,0skg - hm™)

gy UE s o s s e T I
(P,0skg * hm™) MEE
ABRED BRAD ORBRAL BRAD ORBRART O BRAD ORERARL O BRA ORBRAD BRAD ORERAT BRA
i 0 024b  027b  028b  0.29b 1254 2.33¢" 2.44b  1.66b 3.68¢  3.99¢ 0.65a  0.42a°
45 03la  0.35a 033a  0.35a 7.70c  13.16b" 9.05a 2.73a"  16.75h  15.89b 0.55b  0.17b"
90 033a  036a  032ab  036a 13.77b 21.98a° 10.96a 3.34a" 24.73a 25.32a 0.44bc  0.13bc”
135 0.38a  0.40a 0.32ab  0.35a  16.43a 25.02a° 1023a 3.14a"  26.67a 28.16a 038  0.l1¢
JeL s 0 020d  023¢  022b  0.25b 3.40d  5.87¢ 426¢  2.87c 7.66d  8.75¢ 0552  0.33a
45 027¢  030b  028a  03la 17.62c 31.85h° 1323b  3.38b¢” 30.84c 35.23b 0.43b  0.10b"
90 0.30b  0.33ab”  0.29a  0.33a  24.74b 42.08a° 17.36a 4.43a°  42.10b 46.51a°  0.41b  0.10b"
135 0.33a  0.35a 030a  0.33a  27.63a 4526a  17.05a 4.05ab" 44.68a 4931a  0.38b  0.08h°
eS| 0 02l¢ 023  0.11b  0.13b 3.00c  4.53¢" 2.66c  2.02bc  5.66c  6.55c 0.47a  0.30a"
45 0.24b  0.26b 0.12ab  0.14ab  14.09b 26.34h" 632b 1.86c"  20.41b 28.20b°  031b  0.07b
90 0.29a  0.3la 0.15a  0.17a  22.06a 39.89a" 9.10a  3.17a"  31.16a 43.05a°  029b  0.07b
135 029a 0322 0.5a  0.17a  219la 40.66a" 9.39a  3.00ab’ 31.30a 43.66a°  0.30b  0.07b
J5 253 Hr
AT (T) <0.001™" <0.001™" <0.001™" <0.001™" <0.001™" <0.001™"
iR (P) <0.001™" <0.001™"" <0.001™" <0.001™" <0.001™" <0.001™"
FEER (W) <0.001"" <0.001"" <0.001"" <0.001"" <0.001"" <0.001""
TxP ns ns <0.001™" <0.001™" <0.001™" <0.01"
PxW ns ns <0.001™" <0.001™" <0.001™" <0.001™"
TxW ns ns <0.001"" <0.001"" <0.001"" <0.001""
TxPxW ns ns <0.01" <0.001"" <0.05" ns
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2.4 SRR M F AR A RRAC A IR

I e R B3 S A FH o B PR A ) (IS + 2R %)
IR AE R AR AP A R A2, H A A
AR (B 3), SRR, Bl b e i 4
I, SRS BRI A IR R B PR, 54
BREALL, BRES ISR BEILA AT Bt 34
W (HAEARFREAC T T, B Ak B A i =R
HEA FHAR LS BREAL A FH AR B35 TABRE AL BE, A
3% e Ak B S A WA FIE ) P 23142 oy S A FE R P S5
74.7% , i b5 B Ak B =32 (8 WA AE R P 23RS 24 o e
HEFIFHAREY 97.9% , BRHEJ5 SR BERL A IR F2
SBRAEA AR

60

Tk it | sty R e
e BTV
50 L T WxP, #*%
% 40 + }
- T
= T
®30f | 1 I
2] T
%g l s
20 T
T
10
0 AR B R Fpw R B

45 135

90
BEALA R (kgehm?)
B3 AEHEBKFMFEEE TMIERK B - EBETH

BERR A A 2
T o FORE BRI 22 % B2 (P<0.01),

3 itie

31 RERIERE XS A A K R B s

3 PR AR T LA FE A RS s
L —TE IR BB TSR S R 0 B
KIL, BEAE AR G LT, R A BRI S
PR AN R AL P SR B PR 1.6, B
Ak BT L3 3ok 6 T 5 /0 BRI 0 R Bk 4k B S 1
B P s B G Bl e 1 25 A3 5 T A
RHORH R, CHAE R E L EA . A
, FTE A G 2 B AT T SR A R R B
FEFW, BPH RGNS A R, ZeRi
R R EW L, 52 ERR—5 P, B
TEAIRIS PR BRI, AR TG, Zu
— 148 —

H BRI — BT 0 AR B 1045 5 AR Bk
() e B, e A ) i R L I > i N > A
B, argesE i TREISOE Z MG E T Z)E, R
JERERYAFR L S TR I R ASCAE — 2 AR b R LA 553
R RYOLIAHA, AR WS A M 9,
SRS, ARTAEAR ™ R R
Y 5300 S I RAE, WRAEYIE ™ Y
BESLAL , MIRRR T M R R A
WS AR R . 5ABRFALL, FResibHi
FE TSR R AR IR A, R T A
A A R A R, HE AR 5 A i
s Horb, SRR L, RRUb A2
FAFR T SRR, IS AR I b TR R SR
OrIEAERINERS, SEO R, Rk TR
oFRsy 200, ST AEORBEL, A4 S E )
ANDERE, I H 2R B ) 500 . FRKOR 13
MR SR R UIAOC, SO/ R O 2R B i 1
HEL T b A SR AN A R T S Ah,
AR, [ —A TR B WL AN, 2%
AR S B R R PR 25 1
i, BRECRIRER R 1 ISR T AR e i AR i
Se LS EIR e 1. I, TSR
FHES A FRBRF IS TEARSS &, 7RISR AL
P IRIE, AT LA AS [R) RIS 23 P45 T 55 4% 5
SeAPREST, BRIl A R AR B, i
B A R AR Y
3.2 AR R IR TR 1R R

FIE A1) 5 s e M e i P 2 75 B A — I
RS, 4R AR A A T S B S A
AR, XN - A4 R A e
EESHEIR R ORUL, BRSO S A R IR Z A,
2L B — R IR . TR E TR AR L
BAK, BAGARDACR 37— 35 B T £
S, B S AR B S R A LA
Fis 53— 43 M LA . AR i Jr g et 20
XEEFR MUK AR AR B 5 R T 3R B T B
Bt DA SRR I T2 RN, A 2200 T Bl 2 R i 14 37
MR . JREAE N —FPAEY), BAT HUARY SR A BT
WRETT, BENS BT MmN, i HL 2% R A
I o AL U, O B 2 25 e A A 2
PESEMTE AR s R R E, R
%%, —ARARARE A AR Al BEAE AR R R BEE L
B T A T2 A BE VT 3 A B U A ], DT

S

(T
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P A ZAEA AR A AR EATRE 1R, R4
TR ] g R E A ECE S BRI, X
FAEWRIW™, W RERZ 044 T84 R8s R
T OMAMT ARG ER R, AR
W, ARBRFSMFE R A R AR G DR R R
) 34.3% ~ 50.5%, WMiFRF AT 2 w2 W
b B R ISR 12.8% ~ 20.8%, JUHETE R
W N BeAh,  EAREEIE A A R RE % B
(RGN TR, (HAEBRFAFE R s In A R
SR 5 BRI IR 97.9%, SRR PR R
BT 311%, BRECANIRAIHSEBEIE A R S S A
FHER (IR + 240 ) e P—3G fliabngess 7 phge
W, SHAEACAL AR L, Ssf b B R )
w5 Rl — AL B SR T e, LA A
FE R RIS 21 1.4 4% ; Abbas 25 2 BF5Y
T, AR Z R A KR ST 30 ke + hm™
(1) P,0s FRor Wi, i bHElT, 24 fEdR IR A7
I A s, BRI, REREIEA BARMEYIII RS
WD UL, AR SR A B RN A
(), BRI AR 2y e A L it A B e R R ok
SREREYE . ARG, P, XTSRS
BTSN ERI IR R R IG5, B AR
& HEED SR FI R RS R R 22— 3R
FFARCRA AT 8 2 it g VR 7 i A o W i i ok
SCER, ]I R T A S R e A, T
kB 55 O A B

4 Z5ig

FRE S BRI R DL R s AR
R R A e S AR R T ISR A
Ay OB RS FIHR, B, AR
RN A T S B 2% R 4 A B RS A RIS 4 L 2R
Wi, HEERIGLE SRR, A2 RrE WA Bt B
AT, BEARETIAE K Z B, Hhas —i
SHE I AR RAAE Bk S, ARFEBEIE
ST ARSI A, s T AR 43 1
5§59 2% B TE A e AR P, A R A A B
i, Y 4EREAE P05 90 kg + hm™ B, ¢
PR IR B, AR SO R, HEFE 0590
kg « hm ™ NEAERE R . AL, TEIMEE - Z B
AR, BRE RS TS SRR 3R A
FZ A, 0L, BRI SR H v 42 53R 4 RSOR
(A DL 225 R E A

SE K
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Effects of weeding and phosphorus fertilizer application on growth and phosphorus utilization fertilizer rates of
rapeseed and weed

SHENG Qian-nan, DONG Xiao-yan, ZHANG Yang-yang, LIAO Shi-peng, REN Tao, LI Xiao-kun, LU Jian-wei’
( College of Resources and Environment, Huazhong Agricultural University/ Key Laboratory of Arable Land Conservation
Middle and Lower Reaches of Yangtze River, Ministry of Agriculture and Rural Affairs, Wuhan Hubei 430070 )

Abstract: The yield potential of rapeseed is affected by grass damage, fertilizers, and other factors. Optimizing weed
management and phosphorus fertilization play a key role in direct-seeding rapeseed cultivation. A field experiment was
conducted in Wuhan, Hubei Province, with two weed management measures ( weed-free and weedy ) and four phosphorus
application levels (P,050, 45, 90, 135 kg * hm>, represented by Py, P,s, Py, and P35 respectively ) being set up.
The oilseed rape yield, yield components, biomass and nutrient absorption of rapeseed and weeds were measured, and the
fertilizer utilization efficiency was analyzed. The results showed that whether weeded or not, the yield of rapeseed treated with
Pyy was the highest, and compared with no weeding, the yield of rapeseed treated with Py, increased by 66.3% after weeding.
Weeding and phosphorus application promoted the yield by increasing the harvest density and the pods per plant. Regardless
of weeding or not, the biomass and phosphorus accumulation of rape and weeds increased significantly with the increase of
phosphorus application rate in the range of P,0590 kg * hm”, and weeding was more conducive to improving the biomass and
phosphorus competitiveness of rape relative to weeds. Compared with no weeding, the proportion of weeds in total biomass
after weeding decreased by 58.8%, 67.1% and 60.4%, respectively. In addition, the phosphorus accumulation of weeds
accounted for 42.0%—62.0% of the total phosphorus accumulation without weeding, and the ratio decreased with the process
of growth period after weeding. There was a significant interaction effect between weeding and phosphorus application on
the phosphorus fertilizer utilization rate of rapeseed. Compared with no weeding, the phosphorus fertilizer utilization rate of
rapeseed after weeding increased by an average of 18.2%. In the rapeseed-weed farmland system, attention needs to be paid
to the nutrient absorption of weeds in direct-seeding rapeseed fields. Weeding and phosphorus application could significantly
increase the biomass and phosphorus accumulation of rapeseed, increase the proportion of rapeseed in the overall system in
terms of phosphorus fertilizer rate, weaken the competitive advantage of weeds in terms of space and nutrient, and effectively
improve rapeseed yield and phosphorus fertilizer rate.

Key words: direct-seeding rapeseed; phosphorus fertilizer rate; field weed; yield of rapeseed ; nutrient utilization; weeding
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