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Abstract: To further clarify the suitable tillage patterns and sowing quantity parameters of rape green manure for multiple
cropping after wheat, a field experiment was conducted in Dalad Banner, Inner Mongolia. Seven sowing quantity gradients
(7.50, 11.25, 15.00, 18.75, 22.50, 26.25, and 30.00 kg~ha71) were set under three tillage patterns (straw removal tillage, straw
returning tillage, and straw removal no-tillage). The suitable sowing rate was studied based on the biomass and nutrient
accumulation of rape green manure. Results showed that the average dry matter accumulation of each sowing amount under
the straw returning tillage planting mode reached 8.92 t-ha_l, which significantly increased by 26.5% and 16.4% compared to
the straw removal tillage and straw removal no tillage modes, respectively (P < 0.01). The sowing amount significantly
affects the biomass and nutrient accumulation of rapeseed green manure (P < 0.01) and shows similar trends in the three
modes. When the sowing amount ranges from 7.50 to 26.25 kg-hafl, the biomass of rapeseed green manure increases with the
increase of sowing amount. At 26.25 kg-hafl, the biomass of rapeseed green manure in all modes can reach 7 t-ha ' or above.
When the sowing rate exceeds 26.25 kg-haﬁl, there is no significant difference in the biomass of rapeseed. The trend of the
accumulation of carbon, nitrogen, phosphorus, and potassium nutrients in rapeseed green manure with the change of sowing
amount is consistent with the biomass. The specific suitable sowing amounts for the three planting modes are slightly
different. According to the fitting equation between the maximum biomass, nutrient return, and sowing amount obtained
from the theory of rapeseed green manure, the suitable sowing amount range for the tillage mode (wheat straw removal and
return) is 24.39~ 28.36 kg-haﬁl. In contrast, the straw removal no tillage mode can increase the sowing amount by

approximately 20%, with a suitable sowing amount range of 30.03 to 37.84 kg‘ha_l.

Keywords: Yellow River pumping irrigation region; multiple cropping after wheat; rape green manure; seeding rate;

biomass; nutrient accumulation

Corresponding author: LU Jianwei
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A PIERE FTHEMERICHA G, EEEEm
TEit AT SR e R FAH 7 H Fa% 10 H B, A
6l TR, B R R, R AR AR R
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FRXS B o PR A X 6 3 e T 58 AN [R) B AR A3 20T A
(7] it S 4k MR X e B A SR R B A R Rl
BAIR A RKEEW, LU E 5 2 R = gk
I 3 B A A SR 5 A, DT Dl SR T AR
AL H $ R K 0

1 RS 05 %

1.1 RIE s

AR T S R S ROl K I A A
62, 1% oPE R LT, BRAE R T A AE A& 2R oRHE
Yiobh, fEAL T B KR E SR B ISR IE, BG4 F
W& b AR T R R g Y,

B IE R N R & (N 46%) FEEBE — 8% (N 18%,
P,05 46%).

1.2 RIS #ER

AR T 20227 H—10 HERNZEHEHBIX
6 /K 2 Wi T Ok B RE E R BT A (40°28720 N,
109°55'04" E) 347, A7 T B HE X, J& JL A (1) iR
oK Bl VSR, TR, B R, 3 H R
#0249 3000 ho 56 H AT AE 3 R N2, ik I
N A, SEREER AL B W 1 AT A, R 6 4
B, A5 ML . 4 ORI R S R A TR KT
A, WA A H SF R 17.3~24.1 C, FEK
##] 178.0 mm.
1.3 RIGwIT

IR X Wi, FAEEE 3 FAFBE
R, AR R FT RS L BB RS AT 8 0 A DL A
FERE E S B, R AL & B 7 AN R ) 9 2 7% Fh &
43924 7.50. 11.25. 15.00. 18.75. 22.50. 26.25 130.00
kg-hm 2, FEANALFE 3 R E R, N X AR 20 m?, /)
F T 2022497 H 17 HWGER, W3 T 7 A 22 H %

& Fh, e AR BE 8% A R B3R AT, i IR &3 8 N 27.3
kg-hm * Fl P,Os 34.5 kg-hm ~ (i Al & 15 B ML 48 >4 4
IR RO DA K B B SE SRR 56, 0 3148
bt R PR 2R RN IR e, A FH A ), ek SR R ol
VE 7K B9 600 m>hm C, A2 E W TEHEAK, 10 20 H
HEAT I S BORE S 7 o R R A N AR R A, A
Iv) A =X ) LA 1 ) 8 BESS)AH ), FE AT #2 E BHE . A5
FF 34 HH B9 HF R0 RS F 7% 28 S0 BF 5T 208 M i A 43 00 N
2775+ 1950 FI 825 7¢-hm .
14 MEMBSRZE
141 IEFE S E

TH % Fh AT, 7RG N SR ST B A1 A
10 4>, B 0—20 cm #f JZ LI FE &, £E R R KT B
9, 4 J5iE 0.850 A1 0.150 mm 7 % 1, #E 47 34k %
JRAY M. pH K £ L6 2.5 10 B AZE I 5E, A HLR
A S B TR o i O e, AU &
0.5 mol-L "' NaHCO; %2 # — 41 8 1t bt a3 52 , 33 2%
B4 8 1 mol- L' NH,OAC 33 32— K G 6 BE VR /& .
1.4.2  FEARECRE 5 UK

HURE Jo R i b B OR BT — RAE & /N X B
RFEMMFET 1A, THN 025 m’ (0.5 m x 0.5 m),
W R b 13 B B R AR, R = B T L B SR RE R
BTN T, €105 C & 1F F 4% 30 min,
SRIGTE 60 °C 260 FEIR TR 2 H &, FRE TR
R, TARRE SRR S R AR TR DI E

W3R s &/ X 4 X W gk b 350 B A M AR, BRE
B FE 0T A, AR 25N DXRE 7 I 8 K R e T )
A &, WA E TR AY &R
1.4.3 FEHAFE 5 5E

TR AR R B S 20 T SN0 5 4 5 s
2 H,S0,4-H,0, 18 &, W shiE 5 70 b 0 2 & w5
i KA A e B

R 1R IREA IR R

Table 1 Chemical properties of basis soil of each experimental site

CARIR N PR £t A upy e
Tillage pattern pH Organic matter/(gkg ') Total Ni(g'kg ') Available P/(mg'kg ') Available K/(mg-kg )
Strj\iitﬁo%fﬁi%ﬁage 8.49 8.22 0.42 10.27 158.8
Stra%fztjul;nﬁiﬂfgfflage 8.32 12.36 0.61 11.51 162.5
FRATRIE o 8.85 11.10 0.54 9.08 163.7

Straw removal no-tillage
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1.5 HIELIE 25.56 fl 33.54 kg'hm >, B8 5t KAE W & 4 N

R 06 $ I SR ] Excel 2016 3K 4 33F 47 1 5 4 7,
K SPSS A X A ] #F E 458 2 AR5 B &R i 32 AR
Vi WOk K& TR R R AT MR R E
#r, 23 T Duncan 72 % [F] — B E 8 X T A [\ £ Fb
B ZE R T 2 H L

SR 5 0

JiEAHTEE R (R 2) Bon, BHERS AR R &
Xof i S AE W ROR B BE R IR A A R R
SN0 (P <0.01).
AEIHERR THEMEX REEDNENE
FEAT A R ASE 2R % 456 o 22 4 B 1) 9o S A
BT 209 8.92 t-hm 2, 43 T AR AT % & B B A RS AT
72 7E G kA R = 26.5% 1 16.4%. 7] — HF/E B0
T, B ESHEAEYRE DN — 0 KR
K& (P<0.01), 7 R0 &N 7.5~26.25 kg-hm 1,
T SE S IR A ) B o R R T 3 T 4R =, AR R
i F 30 kghm * 5 #5 Ff B 26.25 kg-hm 15 i 32
EEKFIRZEZESR (K 1). BT E R
T, 7EHEFh &4 26.25 kg-hm ~ B, 31 3% 28 1 & 1T LA
& F) 8.0 kg-hm 5 B AT 5 A% A0 B b B2y 519
52.62%- 29.57%- 13.14%. 9.40% A1 4.28%, % 3% F &
30.0 kg-hm IR} 38 011 1.57%; 5 FF 34 B B 5 A0S FF R
FE G, R R R & 26.25 kg-hm ~ I, i3
AW 4y A 9.88 F 8.66 kg-hm *, 4 T Hidth 6 A
PR E AL . ARSI A T R A R R
B AR I I H B R FF RS A S B AR 2 21 3l =% 21
W I K A W) & BT IR 4 Rl 2 B A 28.39.

2

2.1

7.91. 9.74 1 8.78 t-hm ".

FEAF B 7 S B i SR UGk % 3R 77 T
B -hm RS AT RS A B RN RS AT IR B R R R 4
T FE 9.4% F 11.5%. FFh & 5 35 52 )y =2 2 AR 1) i
IR (P <0.01), B35 #0938, 5ok % i %
PRt I T (3 3), 4B FEAS) 22,50 kg-hm
I, VS IR NS 3 % P i ) 88 Tk -hm s

22 AEMERATHEMEXNBRFIRRE
aEA

i FF 38 H BB 20 R 7S CL NL P05 AT K,0
Fe 40T B R4 W 30964 237, 56 I 330 kg-hm *, &
FEAF RS A& BB 20T 359 00 20.10%. 24.29%- 27.75%
F127.18%, HUFEFF 72 7 G B AR 201 251 38 I 22.67%.
13.35%- 20.08% £ 16.51%; F4 #1 £ & HH & F1 K # 72
R TSR L C. PO B ELEEE
(P> 0.05), “F¥1 2500 F1 43 kg-hm ~.

[7] — B A A 2R AN (7] 48 b 5 0 Vit S 4% 7% 40 AR R
BAEWEEmW (B 2). NRBPHEERT, b5 7F b
BN, SR & IR S LE R R 2R 22.50 B 26.25
kg-hm I35 B 5 KA BB, I B S 6 R 5
SRR EEIEE NREEGE TR &S . s
AT, REAT RS E BRI T, 328 CL N P,Os
Fl K0 7 43 FR B B3k 31 BE S fi v I i 5t o 1) 9% Fef
B4 HH 27.60. 27.54. 23.00F127.28 kg-hm *, B L f
T 7R 43 AR B 4y il 2895, 208.32. 45.26 A1 289.20
kg-hm ;B AT 58 BB BE R X R, b 30 B & 97 0
BRI BT X L % AR & 4 A 27.10,
24.39, 27.88 Fl 27.62 kg-hm °, & AT %% & o #f 4 =
N B X L) B & S N 37.84 30.03, 25.27

R2 HEER, BMERAXEERMNMRENE. WRBEUREFIREZEZWNEEZSHT P
Table 2 Analysis of variance on the effects of tillage patterns, sowing rates, and their
interactions on biomass, harvest density, and nutrient accumulation of rapeseed (F)

A8 KR EVaE Wk B R R B RE R R E AN s
Variation source Biomass Harvest density C accumulation N accumulation P,O5accumulation K,O accumulation
BEIEL 119.53" 40.99" 108.08" 78.60" 51.58" 118.50"
Tillage pattern
T%%EIJ% ok ok *k *k *ok sk
Seeding rate 48.52 159.08 56.94 23.43 4.82 39.65
BEAERE > 3R it 0.61" 8.00" 0.75" 0.38" 0.57" 0.57"

Tillage pattern x seeding rate

nsSRANTCRE T *FRIR0.05K TFREMIE % **RIR0.01K TR & 2% .

ns indicates no significant impact; * indicates significant impact at the 0.05 level; ** indicates significant impact at the 0.01 level.
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KR A NSO BT X 2 R R S Sk A [ AR BT (08 B R A 713

12 ¢
mRT o =—0.006 7x2 +0.342 5x + 5360 9
® ST R2=0.9308"; x=25.56; y,,,, = 9.74
A RN a
— ab ab ab
E 9} > Y
T d
I8 &o
Z
e c
H 2 b ab
C
§ 6 Vi = —0.004 0x2 + 0.268 3x + 4.281 6
/M R2=0.958 3", x =33.54; .. = 8.78
d
Yir = —0.006 1x% +0.346 4x +2.993 9
; R2=0.995 9" x = 28.39; y,.. = 7.91
0.0 7.5 15.0 22.5 30.0 37.5

oA E
Seeding rate/(kg-hm™2)
B 1 3#HEERRX T AEEMEXHREYENFMN
Figure 1 Effects of different seeding rates on rape
biomass under three tillage patterns

RT: FEFFREBMBIER, ST: FifriE mMEPHE: RN: FEFF
Bt bt RO R R 3E (P <0.01), *RARMRKIER
# (P<0.05), ns "R KMEARE. FERF.

RT indicates straw removal tillage pattern, ST indicates straw returning
tillage pattern, RN indicates straw removal no-tillage pattern. ** indicates
extremely significant correlation at the 0.01 level, * indicates significant
correlation at the 0.05 level, ns indicates non-significant correlation. This is

applicable for the following figures as well.

33.76 kg-hm .

23 ARIMEERXATHREEBMHESCE
WMRAESEICH, AYEMFE SR BB NE

B, AFEBHER NN IEREYE. CN. P05 A1 K,0

I R R EL e KAE B A AP TE 22 57 (R 4),

RNTRASHE E ISR S L IE H A M CO N LR

B, R L S B = S BRI B AR T 7 Rl =

Bk, 3E ' FEFh RN 30.03~37.84 ke-hm s 7
PR RT3 K 7R 0 i H = I & 22 AN i
X B HE P 24.39~28.36 kg'hm .
3 ik

N 5 i BT E X /N 22 WOBR i 1k 48 B Bl =i 4%
FIEL 2 412 7 6 T W ) 25k 6 R i TS - 49 ) B
ERL L, A0 IE 264 T 22 5 &M =2 T4 i & AE

5.24~9.88 t-hm ~, PR btk — B #5122 5 & Fh il 32 4
B S EE B R Z 5 L E Y .

31 MERANZEEMIHREERN T m

AW FE AT T BHE AR 2 2 5 e SR 2R AR AR W)
AR R R I H A RORS A R B
FE AN G B 9 B =00 S A2 W & 1 3 92 T 26.5% H
16.4%, SF35 0] LLIAF) 8.92 t-hm *, & 72/ S Bt 2.
Zw T AR, X SA NP B R, FEAT
I H RS DU 3R s AR KA SR Rl . N EREF S
B AR E TR uR, AR 4E R A B ARK
A EAIANEY, IS RS AT BCE it 2 4 RF
b B A BRI RS Tt A B R 4 TR R AR B A PR
H, i E R i HIEAE LR S R G
58 g5 R R LR K A DL R 38 N 2 AR 5 T 5, M
T4 i B S A E P R peah, REFERS E G
P AR S 3R 25 B RS AT 72 7 BB R 5 29 8.2%,
(A H A AR A R B 5 Al AT 2 0 B A A =X TR AN A7
FEREZ R (P> 0.05), 4 HI7E 7 thm * F13096 kg-hm

®3 TRMEEATEME X HREREE 0

Table 3 Effects of different sowing rates on nutrient content of rape under different tillage patterns

x 10" plant-hm

K AT BB FEATIE BB FEAT R L S BB
Seeding rate/(kg-hm °) Straw removal tillage pattern Straw returning tillage pattern Straw removal no-tillage pattern
7.50 62.0+2.6d 68.3 £3.5¢ 56.3 +2.8d
11.25 78.8 £2.6¢ 78.0 +3.1b 68.0 +3.6¢
15.00 83.7+2.1c 86.3+£4.0b 72.8 £3.6¢
18.75 88.1+2.8bc 92.3+2.5a 78.0 +£3.4b
22.50 91.0 + 1.0ab 94.0 +4.4a 86.7+4.4a
26.25 94.7+2.4a 95.5+2.6a 88.2 £2.6a
30.00 953+3.2a 943 +3.1a 89.0 +3.6a

[ FUA [ N5 B3R ) — R AN R e B A BRI 22 57 5 2 (P < 0.01).

Different lowercase letters within the same column indicate significant differences between different seeding rate treatments with the same tillage mode at

the 0.01 level.
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