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W OE: ARUNICER ERA ER RS ERIEHARE 2R, SRR Z RIS m SR RAEK . MARDLEIREE R
PEEER E MR, PR CHeihidt 627 WSEMAE N MR IEY), AL E 600 kg/hm® FF T, LA 10 em E
SRR CK 1AM R RHE E R iE CK2 E v RR, & B AUIERT R E - A MR e &= 5y BB 103 (FL) .
1:1 (FM) 1301 (FH) 3 MEAEALTE, T 2020 A1 2021 FELEKIT i & SE X T & H R, W78 2 2 e
AEFESTMSEAR R AR B2 LIRSS h BRIBECRI S B . SRR, S BEREAIRERE (P<0.05) K
MM AR IHE R R TR, PR EREA . AR, WTREM ERKS B CKI1 ALK 1.58. 1.47. 1.29 Al
1.16 fi5, & CK2 4bEEfY 3.63+ 2.79. 1.46 1 1.28 £, H LIEURSTE LT CK1 1 CK2 &b 235 43 5 B# K 4.91% A
15.25%. ANFESYE AL IR EARK . AR . ARARBURIAR T 5 SR 72 AL A WK B/MRIKISN: FM. FH. FL;
FH A PR PR AR 2. BRI /120 B2 FM AR TR 111, 1.25 F1 1.31 4%, BURIEEAIE T FM A3 BRAK
T 26.90%, {HAERKH BB RE L FM ALTEBIN T 25.14%. 2> ZIRMAEAC R 7~ 8. AR A, M BB Tk &
¥RE (P<0.05) KT EAMEMEMPMIERATE, Hd FM AP &5 FL. FH. CK1 fl CK2 MLk, 4 %42
9.85%- 16.35%. 26.88% Ml 37.75%. %ZEr5 A EHIEAL I R AWM MR R AR, LIRS, BRI SR e &,
Sy R AR AL EE H FM AR D TR LA Ab B 3% A S8 sl s 7 BRI e i Ay =X, AF S 3R T e U BB AR ML
A ZRE FEARHE 2B S FR AL T ER AR PR FIBR 3C#
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BRI S AR L RN, KRB IE R ZE S0
B PR 00 B R AT AR B, A AR it FH = 1 ot
TR R H T 256 R T SR R ) AR B A B R A
it FHIEE, WA SRR B AIGRR5 Y,
BRI O R IR SCGE IR R A, (R EEAR S R
VIR FEG K, AR R FIIHE SR E PR R %
FE 5 T UA B ZERT AR Y RS UE I IR ) 2 1
SbERA, oy R R AR AR R AR KRR ORI T 2
AR,  HAEREH ERD 10%~20% &1FF, BRI 2
B =2t AR R R AN, AREL AR A b
J B 5 5 R AR AE A B TG & 2 2 R,

KIT A R X 217 K FE RS AT 2K, LR EAR
SRR ENNL), AL E SR, gER. %, AL
SRR T REAE Y, D] AT AR e Sl A AR R FH
BEHER, P ot BIRABE, U AR TH % 2 TR it -
AT ST 1) ) % Qo e I 5 B R T = B By 2 1) 1 iR
i ue T e A T RS e DR 2 e Y ) e Y A U RS
WA U ELRE R IR AR AR 7L b, 45 &N 2 it
REAENY, 15 B 4y 2 il AL B R AN [ v 2 A L g, 4
I SERERRAR R AR E L R 2R 20 A 5o 458 IR S f
o ZEFT J7 2 P 55 7 TR 1 MUK 43 )2 it A BL A7) -5 9 S e
FUR MR = R A R, ARV AR R AE X WL
RIS BT, AT SN BB R LA 2Rk & 4t
FHIG AR A A 4%

1 RS

1.1 RIEpR

TSN ELRE [ 20 43 J2 it AR L FH R LN R LA
B 917 SR It ™ D e S BRI A5 0 2 R it I 5 Fof L),
HEFEHHLE, PiRse. epse. HER%. Hefb
ARG, JHEWEEE . PR SRR A Hl
B TAER AR pLAE 5 5T, PMIAET S 46 L0 a A
FEHIEYA,  FERE AR TR e b AL B0 70 fn H Al K B0 T 4E R R
Fa g, B ORAR R %40 K A ey K. HE
A28 B A7 TR Hb G BR Bl , w000 AR AR 2% 5507k 2 it FH 1 22 R
WoRn, BT HEE S HEH 4 SIREEEE, Hdie
MURENBEZTRE s S5 0 AEAR 1 22 B8 A FH T 5 Ao 2% it »
HAHE S HEH B RS S A . Hof, W5e
WUE BT HERE S 9B 8 TAEK A 60 mm HIAR Sl 6
HEAEBEET, 156 A7 i 1 FE R LI & b e HE AR 28 A 5
ANFEA R TAEKE R RHE &, )06 ol o 4 HE
JEES TAEK B SEHLR IR ZA A AR = . T A
Fe gk RIS AR 10 em SE AR AL P AR
B IEF R T, T RO B SR AR K R AR R A A
MLEAEM s & B 1 R,

TSN U B4 (7] 25 43 J2 it IR SR FH 9 =5 o P oA RV
BRI YRS 627, BAEXUR. B RS
RE A AR AEURL R F 9 S8 B R R T IR B
o Rk E IR 2 =40.0%, N-P,0-K,O-F & & i &
ttN 25-7-8-5 (%), HFEITEREFE S EEMLT B, Ca,

Mg. Zn. S.
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\ Rear fertilizer box

Front fertilizer box
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1. JIBAE 2. SMEECHENE S 3. FPREVAALA 4. bt B 5. IRIEIES 6. P LFEiR
7 HZALEL 8. IR ALEL 9. SR F 10, AKAEREFT 11, BE 12, SR I
& 13 B RS A A SR RS

1. Fertilizer box 2. Outer grooved wheel fertilizer apparatus 3. Furrow opening
plough group 4. Rotary tillage device 5. Deep fertilizeation shovel 6. Leveling
plate 7. Fertilizer in shallow 8. Fertilizer in deep 9. Rape seed 10. Rice straw 11. Fu-
rrow 12. Double-disc opener 13. Positive and negative pressure combination
seed metering device

A1 b EEI R LR
Fig.1 Schematic diagram of layered and mixed fertilizer
application of rape seeder
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RIG T 2020—2021 F112021—2022 FAEMHCATYN T
T DX AR 2B SN AL A = s S (112°1518"E,
30°1836"N) HEAT, 1Z R SR T A T = KRR
AH AR AR 08 9.07 1 11.17 'C, HF
B K & 4 B~ 1.67 1 2.08 mm, P& = 479.7
528.8 mm; PHAEIHSRAEH AN IZ H AR W R A%
HwE 2 s, ARRFERSRIE TR AR . WE
TG Hh B 5 O RN S WORNLBOGR G g 2E R, +
B b, AR ¥ AT, RIS AT e Hb SR A AT
BA 25 5 B2 200 0N 42.3 A1 40.1 em, FEFT AR A &0 )
N 1.39 Fl 1.44 kg/m®, 0~30 cm #2115 1 S2 5 i oA
1 868 Fil 2 035 kPa, 3% T 45 A4 1.53 #1 1.49 g/em’,
HIEE IKZS AN 19.8% 1 22.3%, I AE. 8.
A PR Ry N 1185, 0.844. 4.456 g/kg Al 1.365.
0.844. 4.572 g/kg.
1.3 kIt

Z JEL it T 0 43 2 R Tl A 1D 7 A0 3 R 2 e AT 4 5
RO, ASHIR 7T 4% R A I B (600 kg/hm®) , ML
MR IF)22 7y R R AR v B 2 S IR E AR EL ] 30 1 2 3.
1213 011 3 ANEAEAKSE, 43 lidh FL. FM Al FH;
o, REANMORE, WRZN 10 om & AL 2% il ;
DAAH [H] it AR 5 R 1 10 em @ AL PR AR (CK1) ALK
Rl (CK2) fERXTIE, ot s ANabEE; R5en, HLA
A ZE I EE 1.65 km/h, X REHFAE%E 7% 38 9 18 r/min, FL.
FM F1 FH &b 25 51 5 00 HE AR 2% HE A4S TAEK B 7 A
155 25 mm. 205 20 mm 1 25 5 15 mm; 1fj CK1 4t
HR AT AE AR AT HERR S PG, S M ARAR HEAR R K R
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40 mm, CK2 AbHE & M AR A 25 A7 HEAE 5 b &, Bl ol e
FEHEAEFC KN 40 mm, XS A HER R R R BRI
FOERWME N Fn. WERKWER - R, o
AT 2020 4F 10 H 20 H A1 2021 4E /5 10 A 14 H & #,
2021 45 H 8 HF1 2022 45 5 A 5 HIkGsk, &4 F M
B 200 1203 d; FEAMEFE 3 ANEE, RAEEFENLK
e —HEA—ANES, FRREA SR (EREM
HLEAEM B X A 60 m? (30 mx2 m), #FEF&EN
4.5 kg/hm®e NRIE SR AT ) — St Frf i /N X
TEANAE 4 R BEAT — IR PEN LRI & VBl 58 BB At AT,
BUNTERB RIS [F DM, A EF A FH T, %
Rl 58 R 4R AN 70 RN LW 3 A 5] OF 57
W, FEHRHEBEEKRE ST A FETH
At N T FRURH FH JR) 9 2
1.4 MEMBERSHGE
141 HEBREE

R S AR R A S HHER R, IR
VERS I REM, o AR AR M A 200 e e kot - 498 U ST B )
Wi AR, 25 A B TR AN A 7 1A FE ) 3 B4 Bt 2 O R — B,
ELFE AR 5 B0 30 d W — R B R HEIR SR, R
FEURME/NXFE “S” BUHUREERIALIER 3 &, FIHFE
W AR TISD-750-1V 4438 1 52 FE 58 3G € 0~30 em #
FE LIRS, SRFF S em il — KRB .
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Fig.2 Daily air temperature and precipitation changes during
winter rapeseed growth period at the experimental site of two years
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Table 1 Nitrogen, phosphonus and potassium nutrinet content under different fertilizer treatments (kg-hm™?)
Lb3 HENETT = N P,0; K,0
Treatment  Fertilizer method ~ ¥%JZ Shallow layer )2 Deep layer )2 Shallow layer )2 Deep layer ¥ JZ Shallow layer )2 Deep layer

CK1 10 cm JE {7 MR it 0 150.0 0 42.0 0 48

FL WE: KE=1:3 37.5 112.5 10.5 31.5 12 36

FM WE: WE=11 75.0 75.0 21 21 24 24

FH wE: WE=3:1 112.5 37.5 315 10.5 36 12

CK2 MLkt 150.0 0 42.0 0 48 0

1.4.2 fBlRARK MR

TSRS, MN/NXIER 10 BRACE MR AR, Bk
MsE ERAR SR CEML. FRen. BUR MRS 1),
FHEAR R RO 5 R AR S R, BDAR ZEHH: AU
LR ks, B ZEATSEE0 2 25 FT e s I BE 5 (84K
£ R DLyt J2 A v B T I T IR AR S R L W K faRoR
(B 3a); Hi4 /1 YYD-1 B ZE 57 9 B I &4 CHFL
FERACAS A PR A B A=) W 4 o S d vk A 2 5 b T 2
45°ff i) ZEAF LR 10 em AL PR32/ 77 (& 3b), @ 2
(D HHEERIEE. SR JE R SRR 2y L A
TEBE Ay, Horhulise bR N ZEFT . M AR =
oy, HEIOL RS CGE— RS kD
A RE MR AR R DUE AR R, A RARIR
FREERAZ A [P S0 50 = AR A e B R S,
K AEMREAREE, ROKTEERFFIR R E %, B AR
Ve T EY N 0~5, >5~10, >10~15, >15~20,
>20~25, >25~30cm 6 MHERRBEA, RIEFIHE
Hi{ (i ScanMaker 1800 PLUS) HHi R R EIME, I

IR LA-S RGUEYIIR R A A HEAT 20 #, 3RA5 4%
R E R TR -

IREZRFE AR T

b, ZAT LTI

b. Breaking resistance of stem

a. FERRE R AL
a. Lodging angle of plant

L MR 2. YYD-1 B4 25 FF 5 B I 5 A
1. Angle ruler 2.YYD-1 stem strength measuring instument
B3 EARMRER AR AT AR
Fig.3 Determination of rape plant lodging angle and breaking

resistance
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oo, FHh B A e E 105 °C A% 30 min.
80 C METFRAEFIE T, e & &4 T 5 bt & I AR
L (R E 2 A b o I bR AED .

p = xm (1
N;
P TR R BERIEE, omg/N; b xS vRbk s,
cm; m RNl SRR FIREE T, g5 N, RNl
WEFHHT I, N.
1.4.3 = %

R LSRRI e s &, A AR 1 mx] me
FAM AR ERIX 5 fUf e Z AT I T Bk, R &
LT, RS /NXAR s [FI R 6 = R EOh
X (SLY-C plus) %(HL 1 000 i Ff+ I F B F KRR &,
T E R 3 R SSEAE 12 A B ) TR0 & .

Iy

CK1 'FL

FH CK2
a. 2020-20214F

AV (S

1.5 B

FH Microsoft Excel 2013 % X 56 4 4f7 i3t 17 2 il Ak 2,
F SPSS Statistics 22.0 (SPSS Inc.Chicago,IL,USA) %iil
AT AT E RS ATT Z 5087, LA Duncan #r &2 1EA
iR EYE, FH OriginPro 2022 HAHEH .

2 GR5TH

2.1 S EREREST & HER RS RS RN

A [ il JEL A 3T JH AR R TSR 4 s IR
i A 4b BE (CK1. FL. FM A1 FH) A8 % T WL IR jiti
CK2 REW] AR R FHARARAEKKE, 72
A P AR 2R Z00AR B B B s T e AR CKL b2, H
B Ve J2 it AR B PR B I, AR R AR R L AR T AR
MRARFR ., MR R 5 s

i Length of root/cm
0
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b. 2021-20224F
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Fig.4 Effects of different fertilization treatments on root structure of rapeseed

PRSI R, NEEM . A AR AT
FFR R RIS ARARFURIAR 5 & B K E]
Wk N: FM. FH. FL. CKI1. CK2. Jifi & 4b ¥ %f 3= 4R
Ko REBMHA . RAAR T REEmEE, REEN

PR R AR R AR AR AR R e B (P<0.05), H
2021—2022 S50 BRI S EARK . IR A
AR T 0 & & T 20202021 4E R 56, ~F 12 7114
0.13%. 20.86%. 46.45% 1 6.69% (£ 2).

®2 AREAELESHIRAEREFER T EDH

Table 2  Factors of root growth characteristics of winter rapeseed under different fertilization treatments

G it AL b 2 B8N R TR AR Ao
Year Fertilizer treatments Taproot length/cm Root surface area/cm Root volume/cm Dry weight of root/g
CKl1 2097 ¢ 267.24d 30.10 ¢ 725¢
FL 23.49b 32432 ¢ 33.59 be 8.62b
2020-2021 FM 2583 a 479.07 a 4722 a 10.90 a
FH 22.87b 418.22b 43.30 ab 9.28b
CK2 18.97d 116.71 ¢ 13.53d 6.35d
CKl1 20.67 ¢ 307.46 ¢ 39.57¢ 8.00 ¢
FL 23.07b 32251¢ 48.16 be 8.53¢
2021-2022 FM 25.52a 62331 a 73.60 a 11.78 ab
FH 2397b 553.94b 61.13 ab 9.80b
CK2 18.65d 133.19d 23.21d 7.13d
FAn Year (V) Ns . P Ns
TR AL FE Fertilizer treatments (F) ok ok ok ok
A EALEE YxF Ns ** Ns Ns

e ARG FRMEBAINZF % . Ns REARE: *RREFE (P<0.05); **RFEMLEE (P<0.0D), TH.

Note:Different lowercase letters indicate significant differences among treatments. Ns means not significant; * means significant (P<<0.05); ** means extremely significant

(P<<0.01). The same as below.

SR I, 2y EIRGAEALEE (FL. FM AT FH) A%
T CK1 1 CK2 43 %l #& & 3% 4 K B 16.19% Al
28.61% (52 2). Ub4h, HAHEARREA . RAFIFR
FRENABAREEZER (P<0.05), 7 EHACALHE b
MR R R IR AR AR AR T o & 73 /2 CK1 AbH
1) 1.58. 1.47 il 1.29 %, & CK2 431 3.63. 2.79 I
1.46 fis (R 2). A[FSZHEAEARE S, FM ALEEF) F AR
K MR, MR TR T FL A FH Ab#E;
T FL AL HE 2 532 5 9.35%. 70.43%. 47.79% FlI
32.24%, AH BT FH 4b B 4 7 38 & 9.63%  13.39%.

15.69% 1 18.87%. 15 BH 73 /2 TR it A AT DA 2% 4 382 7 =
PR AR MY, BRI SRR R X 33 9% 40 (R R AL R
58 0~30 cm HfZ & EWR AR IEN, HE W
P 4 K FH R B8 A () it A A B8 % W SR R EE B2 1 20 A
oM e A —F, BLLL 2021—2022 “EEEAGIHAT 0T H
Sb AT, ISR R EE ) ARTE 0~10 cm FZ,
B e B A BEZ B E PR R TR AR AR BURIAR T 5 T2
I3 ) bR 65.38%. 76.33% 1 79.19%. 43 )2 I it T
F AL, 0~5 em #FE o FH Ak # fR 3K TH R B 3
(P<0.05) KT HAmaHE, 455 H FL A FM 4b 2
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157.27% F1 28.81%; HARFR AT i &35 /2 FM AL 2L &
FZRTHABAEE, MECT FL A FH AP 505 H 57.51%.
34.67% 1 7.38%. 43.28%.

5~10 cm #HZE PR R HAN . ARARFUFR 5 E &K

HeZZ 1 FRoot surface area/cm?

0 20 40 60 80 100 120 140 160 180 0

5

10

HARFIRoot volume/cm?

YN FHAF, H5 FM A FL 2 M FEAEREER

(P<0.05), 5 FM #H Lt % 48 45 45 0 38 0 35.63%.
15.53% F1116.71%; 5 FL FHLLEFeAR 2 AE NN T 135.78%-
41.48% F1 66.67%.

HEF )i i Dry weight of root/g
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777 .C b
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pzzzzzzzE

HEE IR Topsoil depth/cm
BHZ T E Topsoil depth/cm
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Fig.5 Root distribution of rapeseed at different topsoil depths under different fertilization treatments

10~15 cm # 2, HRF A AR T 51 2358 FM
MFEEK, FM A1 FH ACFE MR RIAC R £ 57, HR
TR AR E 2R, FM MLS FL M FH 403,
FTH AR AR T 5 &4 I 31 26.27% 108.33% F1 1.74%.
29.53%. HRAKFRAE 10~15 cm #HZ N FH b ¥ K, H
BERTHADATE, T FL A FM ALEE, 4530
23.21% A1 20.33%.

15~20 cm HHEH, MBI BRARFUFINR TR &
¥I8 FM b ik, HRZE KT HARAE . FM AHE T
FL A1 FH 4bH, R 3R 0 A3 43 ) 39 0 44.39% F1 21.56%,
AR AR 190 260.37% A1 72.30%, T J5 & 43 5 16 o
153.33% 1 105.41%. KT 20 cm # Z P AR R I R
AFURAR T e fe KA FM Ab e,  HR 25 KT HiAlh
AbER . ERTT L, G JE R AR A B R R 2 i AT LA
A UL IHR R A K
2.2 SERERNHIERSE R

RS 300 60, 90, 120. 150. 180 d My % Jita A Ak 3
TR SE R BE R E IR AR 6 FTon . Rl iR
AN TR] it A A FE T 49 B i) - 8 1 s R T A B B A B
Bn, HEEHEE R 3 I msE N . B R A ML A X
FRIRFEAT T HEBHENL, PRI REF S 30 d AN [A) it AE Ak
HF 0~30cm #f )2 LRSI R R EER (P<0.05);
60~90 d f17°F-35 T3 RS FE /N FL b3, KN CK-
2403, HREWMHEEZRAEE. 120~150 d 77 2%
Jita JIES 5 Ak B ) - 3R U SR W 25N T CK T CK2 b3, H

>N

HFM AL ) R IR SR /N T FL AT FH A0 B . 2 150~
180 d iR R BLIEAE T, J 2 TR it AR Ak 2 (1) ~F- 35 - 138 1
SEE/NF CKD AT CK2 4bFE, H FM ALFEfY 0~30 cm #f
BT R R S R N T AR AR (P<<0.05) .

X LL AR RS 5 AR AR AR B TE] 0~30 cm #FZEF
) 4 38 U8 S R /N B K AK 8 FML FL. FH. CKl.
CK2. H, 7 Zhifab s NI H 0~30 cm #HZ2 T
4% WS B AR AT CKI1 AT CK2 Ak B 23 51l B AR T 4.91%
1 15.25%. Z5E 4 ATk, SIRERHE R LIRS S
MREEHZH M EAR, SHERREmR. )
PRRRER R, 1R 0 IR ST RN . oy EIREAL R FL.
FM Fl FH Ab 2 1 4 398 12 S R AR AT CK AR 43 791 BRI
3.81%. 9.85% Fl 1.42%, #H# T CK2 4b # 43 7 BF ik
14.05%. 20.68% A1 11.41%.

Zia B 4 FE SRR R A K TS A A6 ]
0~5 cm #E T FENFERMEE, MRk, ik
A JE 0 3 R S B bR v 22 D AR 3 4 A T
5~20 cm #JZE, BIMZHZ A% i JE AL 2 (1) £ 138 8 S gE
PRdEZER K. WIS REKH, 7 2 5L 4 2 AE 5~
10 cm A1 10~ 15 cm #FJZ i 32 1 52 B N B R AR A
FM. FH. FL, H FM Ab¥E (5% 2 + 5 R SLFF Lb FL A
FH 4b 3 73 5] FEAK 12.59% 5.07% Al 16.12%  5.77%:;
15~30 cm #2358 S B /N BRAK IS FML FL.
FH, FM Ab3 ) 338 IR SL FEARHL T FL #1 FH AL 3 73531 [
i 11.52% 1 19.18%.
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(P<0.05, % 3), WL 7 2 AL 4 2 (FL.
FM F FH) R8I R 5 H50MH 55 T 5 57 588 it 1A LA VG ot Ak 32
SRR T 18.81% A1 124.61%, 5t B 43 /2 it A T LA 5
HEEPURMATE . 432 T 0t A A 2w [ 3 2 e R 5 ) 386

FE AR BR 48 BOZR T PR A%, o FH AL R AR F8 E0M ¢
F FL Al FM AL BE 4355 PR A 48.49% F1 26.90%; i AL Fk A2
R A BB WG K, FH A 2 R A H TR) 48R 5 0 L FL A0
FM AbBE ™8, AFF e G A KR4 & .

®3 TRMEELET L hREAREAXMERE B ES R

Table 3 Effects and variance analysis of different fertilizer

treatments on lodging related indices of winter rapeseed

Ehr JEAL Ak B M TR0AR S HR=ZEH i i R RTR %L
Year Fertilizer treatments Plant height/cm Lodging angle/ (°) Stem diameter/mm Breaking resistance/N Lodging index
CK1 166.48 ¢ 9.07d 1478 d 11.53d 4.39 be
FL 180.69 b 1092 ¢ 16.52 ¢ 1444 ¢ 525b
2020-2021 FM 188.78 a 14.25b 17.71b 20.03 b 3.89 be
FH 179.87b 18.82a 19.37a 26.62 a 3.11¢
CK2 161.60 ¢ 494d 13.15¢ 494 ¢ 1047 a
CK1 186.63 b 9.83 ¢ 14.86 d 12.84d 4.01b
FL 192.73 ab 10.55 be 16.76 ¢ 17.84 ¢ 3.14 be
2021-2022 FM 201.67 a 12.68 ab 18.36 b 24.55b 3.28 be
FH 193.00 ab 14.88 a 20.54 a 3195a 254¢
CK2 164.43 ¢ 8.03 ¢ 13.61¢ 7.99 ¢ 541a
FA} Year (V) Ns * * ok ok
AL AL Fertilizer treatments (F) ok ok ok sk -
A< IEALEE Y F Ns * Ns Ns Ns

— - e
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PR IR, BR 20212022 4 ) 5 bk A R 5o,
FM ACE 78, BRI B O A SR EUE 25 KT FL AT FH
AL ORI BN FH AREE 825 KT FL AT FM AR EE.

FL 1 FH Kb 2 (1) = AR & 2 AP R R 2,
BRI A R B e R E ER (P<0.05).

43 J2 TR T JIE Ak B P ) T 350 7 A T o 9 e A
HUBR i AL FE, 2> B3R 17.14% A1 27.11%; H FM &t
5 FL. FH. CKI1 F1 CK2 AbFE A EE 2 3R & T 9.85%-
16.35%- 26.88% F1 37.75%. 4 Z IR ALALEE 2a (1) Fi
JR AT SR BE A UM TR AL EE, A AR e 11.32%
M1 13.65%, H FH ALF 5 FL A1 FM &b 3 AH 43 5042 &
T 12.51% 1 8.01%. WL, 43 2R AE 5 2 AL R i F AL
MORMAH LG, BEEER S E, X FM 5 FH
KR EE, BEARBIRIBEIEIN T 26.90%, {H{I4R M FE %
K7 25.14% Hr=E3m T 16.35%.

CEA IR R ARG 2R IR ST
MR PUEMR M Re SOt Ay 77 &, #0E 10 em IR JE 73 )2 It
JEALEEH FM AREE (1:1) AR K H AU B B R 2
JZ AR LL ]

3 i1
3.1 FEREALIERTAR RAD A AIEE N

TEYIAR R 1A K R B AR e AR IR 15 K 5 9% 5
IRE ST, IR EREE . 7 R AL R R 25 1 40 T A e 24
PERIE R P MR BABAEYE, JERE LT
AN [t P A B A e P B A (E S e ARk IR 4 7 L3RR s
B4k, W fEAED RN FE R A R, ki
S VR P RIERER T 2R Pl KRR R B, IR
3 2 TR ik R 258 AN 2 Tt R ATL ek VS e 3 0 T e 3 AR
REM. WA ERTFRE (£2), Hoop2EwiEe
AEFE TSR FARA . R AR FFIR T i =P
By REALIR AL FRE 1,164 1.58. 1.47 1 1.29 1%, ZHl
PV AL A 1280 3.63. 2.79 FIl 1.46 1%, X5 AW
g —FON, P AR X R R A R R — 5 R
JZ e AR AR TR AR R, N TARE R G, ORAE T
R CATIE SRR MOALAETE SR, R R A T E ok A
JE AR LIEFE BN, AR ARANIREY R T R
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s T RAR XA FHE R R 7R & =R TR
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R, R T SR AR RO 33 R IR R AL, T A v AR
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JZ R i HE A 55 T 58 AN 3t AN AT TR it b 4 o T 1
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291 F 242 %, & HLAOJE b Ab B ) 1922, 6.88 A
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R i JIEAH 8 T 5 A R it A0 AT B R i Ak B A B PR AR T
4.91% Fl 15.25%; HAEX N AEZ B A BRI R
MRARFRAAR F 50 E I, Z A2 110 38 U S A N 3
(E 6) o Ut B AR 2 6] 4 438 1% S FE 1 s i) 5 4 38 9% Atk
BUEEVIA DG, A BRI AR AL B A AR R, It
Pem BB AR, AEMIR R AR K ER AL R4 R R
%1F
3.2 HeRBACIE ST RS BRI R

RIR AN 51 B R B JE TE VRN USSR, 3 0 A= 7=
BA, i BB R R ST @ RE R 2, Al
A RO B AR . AR 2B, i BRI 0
FEAO B 3 it 1 S S B AR KOR B AR, AR
RAGHED] THRANAE P, MR8 E 0 22 R
SO A2 38 AR AR 1) R BRI, RONAR R- L3R a2 5
FOHEARBERRURE, BT DR PUHT 0 AMER A R I B A
NPUEREIFEARE . BhAh, IR R ) SRZEM . FAR
KRR FRAR A AR LR G &R, AR SR ] 7 AR =2
FLL AR B RS AR (0 189 i 189 BT A1 2 3 AR
R BTS2 oK o fFR 4y, H a3 i S Hi s
IREES T, FRAR o = DR {80 R 17 3 o 0 =220 AR [ i S Ak
BN, W EARESRK . IR RSE., R (&2,
R 3D, WARMEER SRR, X ED L -5 S
TR, WARPUEIRAE S5 . BIR TSR . B4,
TEMZEFFPuEINE S ZF LS TabR . ZF 5 RI%
B 2 N A e, APt AR Ty 2 R LR I S =

Frpfa e ) oes RS, RFEE R LR L s
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b bR IR AR R R AT 2D,
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Bt R (3R 3), S0 AR AR B Ak ] @ RN S e A 22
T B B R RO T, B R U E A
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Effects of synchronous layered fertilization with machinery on the root
architecture and lodging resistance of rape

GAO Liping!, CHEN Hui®, LIU Jiacheng!, QIN Yonghao!, LIAO Qingxi?, LIAO Yitao**, WANG Tianyao*

(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China; 2. Key Laboratory of Agricultural Equipment in Mid-
lower Yangtze River, Ministry of Agriculture and Rural Affairs, Wuhan 430070, China; 3. School of Energy and Power Engineering, Xihua
University, Chengdu 610039, China; 4. Jingzhou Academy of Agricultural Sciences, Jingzhou 434000, China)

Abstract: An appropriate fertilizer application can be one of the most important indicators for resistance to the downfall and
high yield of direct sowing rape. Among them, the fertilizer placement and application rates can dominate the root and plant
growth, development, and lodging resistance of winter rapeseed. This study aims to investigate the effects of the different ratios
of layered fertilization in the deep and shallow layers under the precision combined seeder on agronomic characteristics, such
as the root growth, plant resistance to lodging, and yield of rapeseed. The agricultural machinery and agronomic techniques
were integrated to further improve the mechanical application fertilization of winter rapeseed. "Huayouza 62" rapeseed variety
was selected as the test crop at the fertilization rate of 600 kg/hm”. The control group was taken as the side deep fertilization of
CK1 on the 10 cm positioning under the seed, and the shallow layer mixing fertilization of CK2. Three treatments of deep
fertilization were set as the shallow and deep layer fertilization ratios of 1:3 (FL), 1:1 (FM), and 3:1 (FH) experimental groups.
A total of five fertilization treatments and field trials were conducted in 2020 and 2021. The experiment site was located in the
winter rapeseed area in Jingzhou, Hubei Province in the middle reaches of the Yangtze River basin. A measurement was
performed on the root growth characteristics, soil firmness, shoot fresh weight, stem bending resistance and yield of rapeseed
during the harvest period. A systematic analysis was then made on the five treatments, in terms of the root distribution, soil
penetration resistance of topsoil, lodging index, and yield of rapeseed. The results showed that the layered deep fertilization
significantly promoted the root downward migration and the root architecture of rapeseed. The average values of root surface
area, root volume, root dry weight, and taproot length were 1.58, 1.47, 1.29, and 1.16 times higher than those in the CK1
treatment, while 3.63, 2.79, 1.46, and 1.28 times higher than those in the CK2 treatment, respectively. Meanwhile, the average
soil penetration resistance decreased by 4.91% and 15.25%, respectively, compared with the CK1 and CK2 treatments. The
overall performance was ranked in the descending order of the FM > FH > FL, in terms of the taproot length, root surface area,
root volume, and root dry weight in the different layered fertilization treatments. The rape plant of root stem diameter, lodging
angle, and fracture resistance of the FH treatment were 1.11, 1.25, and 1.31 times higher than those of the FM treatment. The
lodging index decreased by 26.90% on average, but the field lodging angle increased by 25.14%, compared with the FM
treatment. The yield, number of branches per plant, number of corner fruit, and thousand-grain weight of layered deep
fertilization treatment were significantly higher than those of positioned deep fertilization and mechanical mixing fertilization
treatment. the average rapeseed yield of FM treatment increased by 9.85%, 16.35%, 26.88%, and 37.75%, respectively,
compared with the FL, FH, CK1, and CK2. The root distribution, soil penetration resistance, lodging index, and grain yield of
winter rapeseed were considered under different fertilization treatments. The FM treatment was achieved in the better optimal
fertilization for the high yield and lodging resistance of field mechanized direct sowing winter rapeseed.

Keywords: rapeseed; mechanical direct sowing; layered fertilzer; root system; soil penetration resistance; lodging index
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