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BEAT, AZAL T UT R RX, R A R T KRG TS
fi, TR, HIETEAR, F8 H IR 4 3000 he
W56 AT E S N2, ol Ry £, At

FRARE RO 1, a6 H g e, AAUR. 4
A R S B AL TARACE s W36 1], K06 5
HEY-508 17.3~24.1 °C, [£/KEZ) 178.0 mm.
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Table 1 Experimental soil basic physicochemical properties

Ab¥ APt AR AHLF et T TR
Treatment Cropping pattern pH Organic matter (g/kg) Total N (g/kg) Available P (mg/kg) Available K (mg/kg)

Tl FEAT RS L BT 8.49 8.22 0.42 10.27 158.80

v FEFTIE HEAT 8.32 12.36 0.61 11.51 162.50

T3 FEFTREE Gt 8.85 11.10 0.54 9.08 163.70

1.2 RIas

HERIH R S AT A O K Sk B 1 AR 2
627, ZmmFERYERE )T, fER T i E AR RME
Yy, BT EMEERE SRR SR IE, BEEE N
T AR ORI BRI AR 1), IR
JRZ (N 46%) FEISBEIRE (P05 40%).
1.3 It

PRI R I IX BT, FALBEEN 3 FhAS R P A
X, DHUNFEFFR EBIBE (T AEFFIE R (T2)
FMAEFFR E St (T3), RIEEEH 5 AR EE
BAREE, 43519 0. 30, 60, 90 Al 120 kg/hm?,
ANEEE 3 REE, PNXTFA 20 m?. MEET 2022
7 A 17 HYWGR, WEET 7 H 22 HIEERER, 5%
FhEl 18.75 kg/hm?, it L Fifi 76 Fol (R I6F 4647, Tt
=54 34.5 kg/hm?, FEFRISHEZK 224 600 m/hm?,
B HANTEREK, 10 H 20 H AT IS EURE K 7=
[ s R T 30900 HUBRFEFY, 24570048 & A R
1 0.2%, 1EIHSE T B, W47 FEEH 420 mL/hm?
A AL NE R 150 g/hm? #5555 i 4% - o g i
150 mL/hm? A1 EU R 300 mL/hm? B di; [ &3t 2R
IR AN, A RIS ) Atk 7] 2 BE 35— 3
14 MEMESE®
141 AR P H AR SRR AT,
FEIRES H PR “S” T35 5040 2110 A4S, HL 0~20 cm
BHZ LR, E=IE T KB4 20 A1 100 mm
i 2% F, HEAT BRAG M T 2 A 0O, SR A K A v
(2.5:1) FIHEALENE pH, KH G & &
AHFA L EAREE, KM 0.5 mol/L NaHCO;
R — B AR AU S & R A 1 mol/L
Tt PR e I i — KM ' FEE 1k i A 2
142 A4%s PR 1 d ESDXIEREARE
PERIRE S 14, AN 0.25 m? (0.5 mx0.5m), U
et BT A MR R A R, BE SRR E T
T4, 78 105 °CHAF N AT 30 min, SAJ57E

60 °CE& M FEE THREEE, RETYRE, T4
FE AL S RAF BB AEFR /058 o /DX A X IR Hh
ERETAE AR, PREEERE, RIS DX E
IR B T
1.43 Mg RHICE PN E M) 2k
Ty KA HaSO4-Ho 0, B & VH B VR E &R &
B, RHRSNES O E &S E RA
H2SO4-Ho 00 i G V8 38 125 F0 KM 6 BETHIZ: I 5 4
T,
144 25%E  WEMEBA S IPRSA . B
RERAFI HABFAE A, T1. T2 A1 T3 AFEHU R
Ay 51K 2775, 1950 1 825 J6/hm?; ARl A& A
RERASS> 59 04 209 417, 626 F1 835 Jo/hm?,
JEFH & & AP — 3, AN 297 Jo/hm?; HoAd M
A CIERR 7. RZGFIK S, S —3, N
280 7o/hm?. W as $% AR RHh SR SR8 3 73 0l v 55
TSEAETRL R, SR 4% 0.35 Ju/kg THEDT,
HSAES LB, Ny P20sy K20 73 5ll#4% 0 7.04 9.9
A1 11.6 Jo/kg 5.
1.5 HIELE

R HHE K H Excel 2022 8 BEAT 11540 FE,
FIFH SPSS 26.0 ¥ AT Fi it 4347, 3B LSD A
IS AbH ) P<<0.05 KFMES B EME. R R
Origin 2022 HAFAE

2 HERESR

2.1 AEMERR THEREXNHMREIENEIT

P 1 AT%n, T1. T2 A1 T3 AP R =y
e 5 43 0N 60.1. 61.7 A 59.7 t/hm?, P31
PPN 7.8 8.1 A1 8.0 t/hm?, 3 Rl N
NEVEREA LRAEHEESR, T2 AEE T M
T3 Ab P A58 43 BB 2.7%F0 3.4%, 55 54 i
3.8%H 1.3%. Bl A S RGN, A ME AR
THRAYES R FAES, SAMELEAAELL,
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F 4 120 kg/hm? B Jo i 35 22 5. T2 A0 B FET A
120 kg/hm? B 8 55 8 £¢ 90 kg/hm? B & 35 &
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%5 & Nitrogen application rate (kg/hm?)

ARNEFRFRE PR AR R R 2R EE (P<0.05) , TH.

Different lowercase letters indicate significant differences among nitrogen application rates under the same planting mode (P < 0.05), the same below.

Bl 1 FRFMHERN Tt

Fig.1

22 ARMEERA THEIAENHXFITEEN
A
HH 2 vl A1, AHEEECE N A AR A
TRANERAN R R (AP E R B 2 22 5, T2 AbEESF 3B
R R EH 2981 kg/hm?, 2 T1 F1 T3 A3 73 7138 in

x2 TRMERA TR

REIHEMENF M0

The effect of nitrogen application rate on the biomass of rapeseed under different planting modes

6.5%H1 4.9%; T2 AL BL-F- 35 #F AN B 508 253 kg/hm?,
BT A T3 A ERIIE N 4.5%; AHFEEEE NAF
PR AN BN REAFEREER, 3 M
PRk A 0 BB 22 57350 171 AT 48 kg/hm?.
bt it R 3G, 3 BRI EAR R IS % 7R

EXHRF I RRENFN

Table 2 The effect of nitrogen application rate on nutrient accumulation in rapeseed under different planting patterns  kg/hm?
Qb A I R & AR E BERR & PR &
Treatment  Nitrogen application rate  Carbon accumulation Nitrogen accumulation Phosphorus accumulation  Potassium accumulation
Tl 0 1689+68d 106+3d 33+2¢ 182+7d
30 2392+33c 146x1c 42+1b 253+2¢
60 3095+187b 188+9b 5443a 323+21b
90 3337+41a 200+4a 56+2a 345+6ab
120 3480+60a 203+4a 56+3a 353+11a
T2 0 1928+37¢ 116+5e 35+2d 203+5e
30 2530+59d 150+5d 43+2¢ 261+8d
60 3057+62¢c 178+4¢ 51+4b 314+3c
90 3589+77b 204+1b 56+la 366+3b
120 3800+80a 21543a 57+la 381+l11a
T3 0 1766+152d 110+12d 33+4c 190+17d
30 2407+46¢ 147+4¢ 42+3b 251+2¢
60 2984+81b 180+7b 504+3a 310+£8b
90 34394220a 202+10a 54+4a 347+15a
120 3616+78a 208+3a 54+4a 359+7a
77257 HT Analysis of variance F-value
Ptz Cropping pattern (C) 12.7 2.0ns 1.7ns 8.7
Jiti% & Nitrogen application rate (N) 484.4™ 411.6™ 109.8"* 446.27"
FhREAR it S5 B CxN 1.4ns 1.7ns 0.4ns 1.6ns
ANF/NG FREFROR A —MESE X FAFEEAE G EREE (P<0.05) , “™” FoRAHLEITE P<0.001 AP EEZRMEE; 7”7 FoR
ARERETE P<0.01 KV EERWMEE: 7 FoROHLETE P<0.05 K EEREE; “ns” XRHEELREER, TH.
Different lowercase letters indicate significant differences among nitrogen application rates under the same planting mode (P < 0.05), “**” indicates

extremely significant difference among treatments at P < 0.001 level; ©
P <0.01 level; “*” indicates that significant difference among treatments at P < 0.05 level; “ns

among treatments, the same below.

¢ *k 99

indicates extremely significant difference among treatments at
” indicates that there is no significant difference
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KEWENEZE LFAHES YA EA 120 kg/hm?
i, 3 ANARER SRR . A AR R B RN
FACHE LA R E B30 102.2% . 88.6%.

65.3%H1 90.1%. FHrr, T1 AbFERE. &, RSN
KB AL L3553 30 106.0%. 91.5%-
69.7%H1 94.0%, {H 5 i % & )y 90 kg/hm? if ¢ &t
2 T2 A FRECAN it AL B 43 50l 39 0 97.1%

85.3%- 62.9%A1 87.7%;: Hii%EF 90 kg/hm? &b B
LG, W3R, AMHR R R RE S L 211, 1
F1 15 kg/hm?. T3 F TR RENES
T1 A PRIEA—EL, Y% &= 120 kg/hm? B2
BHRNIREE 90 kg/hm? I LB 257, HEA

pH | <

it AL HE 4 ) 23 0 104.8% 89.1%- 63.6% A1

88.9%.

23 TEBUMBRIHREVENFITEEN
Al
AFEFHEGE R TR ENFESRRES

BRI Hh e - 98 5 ik B A0 1 B AR S M b

2) R, A3 AREE bR i B A A 3 Ak 1 R

PAEZESE, (B S ARbR -5 R Rk A P (M B A

THE) REFSPMRE B & BEAH) 2

IR SO0 ARG o X AT RE T R g b TR

— LG EAN, A FE R R SR A Y E

Fr 5y B B B 22 5 3 BORYR TR R A 2 URT it

L OM @ It
27 TN ETEEE 0.6
R AP * * [T 0.4
A AK | Cewk o CEEED x> 0.2
fif B f FGW ok 0.0
THE DGW o Camn 02
AR & CA Tk o ek O 04
R E NA Cwrk o ek Caww o Ok 0.6
LR AL PA T Caek o Crxxo G GRRkD 0.8
BRI B KA L. 2K 3K I I 3K 3N
pH APUR A% R e fEE TREE pRE AHERE SRR E TR ERE
OM TN AP AK FGW DGW CA NA PA KA
Camxr | axr ] Cx? SISSTANIIEITE P<0.001. P<0.01 Fl P<0.05 KFLEREE,
“ardk k7 and “*” indicate significant difference among treatments at P < 0.001, P <0.01, and P < 0.05 levels, respectively. OM: organic

matter, TN: total N, AP: available P, AK: available K, FGW: fresh grass weight, DGW: dry grass weight, CA: carbon accumulation, NA: nitrogen
accumulation, PA: phosphorus accumulation, KA: potassium accumulation.

B2 DREBUMRIRREVEMFIREENFI

Fig.2 The impact of soil physicochemical properties on the biomass and nutrient accumulation of rapeseed

S, TR MR A S % A Y R 4

2.4 AERFHERIFE R B X HRE K WIS
Bt 0 AN [R] e A 3 i SR AR A BL R AN ]

& T AP #AT M (R 30, BRHUMAS AL

HEAR AN RS ) SR A A A — B, e

T3 JEBEIE> T RHBE R RO IR ST, HLMER AR T1 Al
T2 AEFE 3 54 70%F0 58%, T2 AbFH /> T 24k
TR L RA, S T1 A B T 30%. 40#
HIRE R T M0 4% 0.35 Jo/kg HHE, ThERVERER
INHE B P2 A A 12 964~26 105 J0/hm? A%, A [E

®3 FAEMERKXTRIAEINHRFHRRENTN

Table 3  Effects of nitrogen application rate on nutrient accumulation

of rape seed under different cropping patterns Jt/hm? yuan/hm?
R FfE A Planting cost 2 Earning 1S3 Net earning
b Nitroge.:n WUk £ A A SERIEE PRI RbhSE SRMSE
Treatment  application Mechanical Nitr.ohgen Phosphorus O/t\hers Fresh grass A?tf:rnative Forage rape ~ Manure
rate fertilizer fertilizer output fertilizer value seed rape
Tl 0 2775 0 297 280 12 964 3144 9592 -228
30 2775 209 297 280 19 286 4327 15705 746
60 2775 417 297 280 23 168 5534 19379 1745
90 2775 626 297 280 24593 5897 20595 1899
120 2775 835 297 280 25172 6000 20 965 1793
T2 0 1950 0 297 280 14 852 3510 12 305 963
30 1950 209 297 280 19 846 4501 17 091 1745
60 1950 417 297 280 22795 5384 19 831 2420
90 1950 626 297 280 24 317 6221 21143 3048
120 1950 835 297 280 26 105 6478 22723 3096
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%:3% 3 Table 3 (continued)

A Pl K7 Planting cost 25 Earning IS 24 Net earning
Ak Nitrogen WLt e {1231 Al SEEE ATEAULIEOME RN SRS
Treatment  application Mechanical Nitr.o.gen Phospl}orus 6 t\hers Fresh grass A¥t§mative Forage rape =~ Manure
rate fertilizer fertilizer output fertilizer value seed rape
T3 0 825 0 297 280 13670 3296 12 248 1874
30 825 209 297 280 18734 4350 17 104 2719
60 825 417 297 280 21446 5343 19 606 3504
90 825 626 297 280 24717 5976 22 668 3928
120 825 835 297 280 25919 6150 23 662 3893

RN PR EZE R AR, B S Z e
MG T I, fEMEZEN 120 kg/hm? B, AS[E]
RN AR SR I SR A B O, T T2 Al
T3 AR5 20 B A 20 965 22 723 £ 23 662
Je/hm?. 5AMERACEEA B, SRS N AR N
209. 417. 626 Al 835 Jt/hm2 i, F*{E 2 5110
4994~6322. 7776~10 204, 9465~11 629 F1 11 253~
12 253 Ju/hm?. JHSAELRIER =L H AR
a1, DAMSEA. BRI R 23T TS AR AE
B E TR, 45 F 3R 0 AR IE 5l 2 e A
Bhn g, HARER BT SA E,
TN, Bk bl REsEEEEREN
90 kg/hm? B ik £ 52 K
3 g
3.0 ARMEEANEREIN HREMEMFS

MRS

HEER A S (R A K 0 G [ R 181, AR
RIS N T2 ALFREE T1 A T3 Ab T i S 6 B 5 70
G 2.5%H1 3.3%, THEIE 3.1%FH 1.1%, {H
BA LR B EAKE . 5a0 AN D2005F 57 45 ) — 5,
FE AT H AT AR HEAE P 10 A2 K R 78 2 TR R 2R
T2 AbHE T 8 3T A5 R AR 2R A4 i D 2981 A
253 kg/hm?, WEET 2 MR ER, HE T1
REFSY SIHE TN 6.5%F1 4.5%, 5 T3 ALFL Sy 538
4.9%F1 4.5% . HH At 5505 T A [ R 455 20 i 52 4
AR EAGFEREZER, 3 MR
RABEAN RT3 58 171 F1 48 kg/hm?, Rl
B 22 5 6T SR BRI B AN R R M, X AT R
E/NEREFFA N S B AR AR 221,
Ab, IR T A S R R AR, ARG A
ki A5 TR AR AR /N2 L TF JE, a6 4 398 35 i Bk
P, YL SRR & B A TARKE, +
AL 5 I S A Y R R 3R o B A O

Pres B, ARRIGKAET, TERaE A
ST A ) R B R

SR BRI EIR K, M5 S0 R
B, 38t I RE B B = R SR . AR A
B AR AR DL LB FE R, e
BT R AR BB AT S S MR, IR RS R
Fr2, AR ELAI T, BEEEE R,
AFFEEE R NS E SRR REY R
Z LTS, T2 4FF, HEEE N 120 kg/hm?
B,y S i R B A it U4k B 4 T 3 38
86.5%#11 98.1%, fik. & BEFIEIEHF R EBRA
i AL HE 43 S B0 102.2% - 88.6%- 65.3%F1
90.1%. T1 A1 T3 AbEE AP m MR R EAE
120 kg/hm? B 5 2K, {HY5 90 kg/hm? B A7 LE
R, MASFHE AR, J (& 9 120 kg/hm?
BHMETR IR RE R E & TIRELEE, vTREE A
M T AEF TR B O, NEFREFT ) C/N £E
30~90 iiti, HAHEEZMESMMRAERFIRTER,
BIERBN T LU RR LG, AT 52 0 L 33 i AR 47
TN, RS IR R R, Ak, A
FLA2514 2% B e e B LA R S A A TR AR
FEAR T AR, I A 31 5 47 v FHANME
3.2 AEMER TR E X A S A2

PR/ b B 8 P AR AR RO 2,
& S SRS D T R B P R, HUAR
AN 825 Jt/hm?, 5 2 FRERBHE ARG, HLIRSZ H
S T0%F 58%; JE BT G A i o fif B E
AR B, SR BRI 0 R T 139
A1 686 Ju/hm?, (H W S i 1 1810 F1 439
JG/hm?; A SR SR AR A 2R 5 2 AR =X 23 i)
BT 929 A1 1993 JG/hm?. A FFA H BB 2 rh
WD T EREFTHIRS E M A, e T RS ATt R
R, [FRFEFF A IEEE TR AR K, BER
Fay B A AR B A A8 L 20 ) T3 3G 616
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A1 217 Jo/hm?,

LN L B0 1 = 1) AL A B AN R g3
MR &E, Mt T a5 Ma. HEEEZ RN
P3N N, FEMEAEN 120 kg/hm? B, 3 Fppp
RN G R S I 2R B Bl ik . HAE R AL
FEAHEL, FUEBASAIE N 209, 417, 626 i1 835
Je/hm? i, PAAE 2> BN 4994~6322. 7776~10 204
9465~11 629 A1 11 253~12 253 7o/hm?. Kk, 43
SEAEIRRHNT R S 8T AUIE . DAl &, BEAER IR
SRR E AT AT B AL IR R AT, TR s
R A A Bt B A Tt s T kg, HL
24 R IA B 90 kg/hm? B Y8 22 43 AE 15 U 245 7E A [H]
B ) IA B B KBS T S i B AN B
So UbAh, BT RS E B U AR
TSR AN 25 R P AR TN, & T 0
228 Ju/hm?. I 4 AR B it ZUIEAE 90 kg/hm?
I R S P B 200 3 R A 45 254 2 s TR 48
33 ZEEMmXMESTHARE

AT GE F2 LB R VR TR X 22 JE B M SRR
FORFF R IT, PRI 1 A [ T b A5 X it 2= T 9
FeHh EEAEMEMFE SRR R E R, FREd A
AN ) I AR 20T 1R 28 58 R0 30 SR i 2 38 B U
{EL AR AN [7) ) 34 e S0 1) 32 B il 20 o v ) R Sk —
A . PEALH X R AN ARG S RN R
oyt =2 B mT R AR ARDR SCnT AR SR AE, dn SRAE Ak
W) 5% B E — 25 VP A L ek e i o A R e 2 X6
TRl FH A I 2 ma 200, 5 —J7 T, AR R A AT B
el IR, 95D 7K 308 2 RN S - 5 SR
127, IR Rk R BEREER R AR
B S FESFREN 142% 5.1% 7.3%F
5.3%028), B R EAHRT FE , o TR I RN
ANAERAL, PR R — DR SO AR IR R AE
A S R I - 8 ol 1 1 B A RICR A ] AR #E
AN AR R SR 20300, ek, BT AR FE RS A S
B, ATDARRFEFT A R4 H At dsiBl, 78
TRAE— € LW B KT ik — 20 BRI RS AT 25 F A
A

4 ZEig

T A Ot 2R 2 2 Bl R AE R IR
AR R MHEBABAMAET . 5% EAR
AT AR A EMIR PR R B 25

MR R, BBUNEBOGREZRIEH, 3T L
K Gt 77 AR, R I S I R B 3
it 8B 120 kg/hm?, il i S £ L IR 1 B it 260 A
90 kg/hm?,

S E Ak
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Study on Optimal Nitrogen Application Rate for Relay
Cropped Rapeseed after Wheat under Different Planting
Patterns in the Yellow River Irrigation Region

Liu Chen', Wang Weini?, Liao Shipeng', Ren Tao', Guo Chen?, Xu Yuanyuan',
Yu Daohai’, Liu Junmei?, Zhang Haogiang?, Sun Xia?, Lu Jianwei’

("College of Resources and Environment, Huazhong Agricultural University / Key Laboratory of
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and Resource Protection Center, Ordos 017010, Inner Mongolia, China; *Plant Protection Institute, Inner Mongolia
Academy of Agricultural and Animal Husbandry Sciences, Hohhot 010031, Inner Mongolia, China)

Abstract In order to clarify the suitable planting pattern and nitrogen application rate for rapeseed relay cropped
rapeseed after wheat, a field experiment was conducted in Dalad Banner, Inner Mongolia. Five nitrogen
application rate gradients (0, 30, 60, 90 and 120 kg/ha) were set under three planting modes, including straw
removal+tillage (T1), straw returning+tillage (T2), and straw removal+no tillage (T3). The optimal nitrogen rate
was determined based on rapeseed biomass, nutrient accumulation, and economic benefits. The results showed
that the aboveground biomass, carbon accumulation and potassium accumulation of rapeseed under T2 treatment
were all higher than those under T1 and T3 treatments. Under T2 treatment, the average of fresh grass weight,
dry grass weight, carbon accumulation, and potassium accumulation of all nitrogen application treatments could
reach 60.5 t/ha, 8.0 t/ha, 2981 kg/ha, and 253 kg/ha, respectively. Nitrogen application rate significantly affected
the biomass and nutrient accumulation of rapeseed under different planting modes. The biomass and nutrient
accumulation of rapeseed increased with the increase of nitrogen application rate within the nitrogen application
rate range. Compared with no nitrogen application treatment, the fresh grass weight and dry grass weight of
rapeseed increased by 39.8% and 35.1% respectively when the nitrogen application rate was 30 kg/ha, 63.0% and
67.9% at 60 kg/ha, 78.1% and 89.0% at 90 kg/ha, 86.5% and 98.1% at 120 kg/ha. The trend of nutrient
accumulation of rapeseed green manure was basically consistent with that of biomass. The input costs and
outputs of rapeseed for different purposes varied under different planting modes and nitrogen application rates.
Considering the factors such as biomass, nutrient accumulation, and economic benefits of rapeseed for different
purposes under different modes, rapeseed can be planted with no-tillage method with wheat straw removal
following wheat harvest. The optimal nitrogen application rate for rapeseed as silage feed is 120 kg/ha, and for
rapeseed as green manure, the optimal nitrogen application rate is 90 kg/ha.

Key words Yellow River Irrigation Region; Multiple cropping after wheat; Rape; Cropping pattern; Nitrogen

application rate; Economic benefits
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