el B RSINESZ IR m:

XRiPIZiis http. //www.aed.org.cn

N

SERBEBE R N FE KT TR KRR
M, SRk, SKRITPE, YRR, KBS

FIHASC:
RelEZ, BRI, SRITHE, AF. ST UBERR/INAE AR K R R SR R i RS A ). Al B R S AR A, 2021, 38(1): 36-42.

TELR L View online: https://doi.org/10.13254/j.jare.2020.0103

TR BERRNAR  HAd S

Articles you may be interested in

K EBHE D7 2T 4/ 22 FHAR ZR P IORT SR (79 BTk

JE G, TR, VR, #hEL TS, TR, Y5

LMV BRIR SR A4]. 2019, 36(6): 766-773  hitps://doi.org/10.13254/j.jare.2018.0338
13 ZEBHE XTI 14/ N 22 B AR B 18 52 i)

M, KBS, BN 7T, AR, KITHE, HAME

AV BT S IR AR 2015(2): 204-208  https://doi.org/10.13254/.jare.2014.0328

FEVEXHE B2 25 H4 s e S & Je ka3
BRI, BRI DS, T4, BH, FHAME
AN FE IR SR, 2018, 35(2): 95-103  hitps://doi.org/10.13254/) jare.2017.0242

G TH B IS oK 7 d S HE LK A 7 7 (R 5 )
JRK R, TR, XGEGR, i
LMV BRG], 2016, 33(5): 491-498  htps://doi.org/10.13254/j.jare.2016.0055

AT HLAE XS A T A2 - e A B AT R,

w1, RBr, TRAEEA, AN, Bk S, L TR A
AV BER ST 2EA]. 2018, 35(4): 334-341  https://doi.org/10.13254/j.jare.2017.0319



http://www.aed.org.cn/nyzyyhjxb/ch/index.aspx
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2020.0103
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2018.0338
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2014.0328
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2017.0242
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2016.0055
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2017.0319

KA E RS INE SR 2021, 38(1): 36-42 Journal of Agricultural Resources and Environment

SEMETE , SR, SRITEE, S5 ST RBERIAS /N AR A TR L B S R e AR ARl BRIR S PRI AR, 2021, 38(1): 36-42.
NIE Sheng-wei, ZHANG Hao—guang, ZHANG Qiao—ping, et al. Effects of vertical rotary tillage on wheat yield and soil compaction during
wheat growing seasons[J]. Journal of Agricultural Resources and Environment, 2021, 38(1): 36-42.

JFHLRL2: 0SID

_L‘tﬁﬁ#ﬁl]\iikéiii%”‘f CE R =R
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(LR B e J 5 VEIRERHEIIGORT , H5M 4500025 2. 3% F A BRIk B3k, TR 1%°F 463100)

WOE N TR e AR U N2 A R R S B AE I - R SO B A S, DR RLBERE (TR, 12 em+5 cm) R 4T |, 7%
ZLWZE (2017—2018 4E 1 2018—2019 4 W 5% 1 3 r sE#E (VR, 30 em+5 em) FEASEAE (nF) HGHE (F) S50 T 7INAE S 2k T st 3] + 458
B SR IR RCRIN A G5 RFI, SR UER A L, S aCiER R SR P ZE RSN B B VIR R AR
R ST 1 EL SURERE e — 2R A T T, SR RENE AN AL (nFTR) A0 38AH EE L 2018 4F 37 SRR (FVR) B HE
WEHFHEAE (FTR) A0 38 7 543 B34 41 50.16% .36.28% , 2019 4E 43 B3 h1 42.91% . 34.79%. 5 FTR ALFRAH e, FVR BUIE A FH0R &
38.29%(20184F) .23.35%(20194E ) ; RALA A 7 113215 10.15% (2018 4F) 16.02% (20194F ) . 58 BLBERFAH Lb , 37 e #f it i A%
S/ NP FER 10 em HHERH M BSERE 1A b M 2 SR . S SBEFRERE AT /N T 20 em B2 1
S AT T ARG PIREME D U HER S em BHE R BRSSO . AR, Sr e R e R R g
AREAR 2 22/ N2 AR I SR (10 em) T80 S0 R F R A0 TS5 ), 4 e /N2 7 s R A R T 238
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Effects of vertical rotary tillage on wheat yield and soil compaction during wheat growing seasons

NIE Sheng—wei', ZHANG Hao—guang’, ZHANG Qiao—ping', XU Ji-dong’, ZHANG Yu-ting'

(1.Institute of Plant Nutrient and Environmental Resources, Henan Academy of Agricultural Science, Zhengzhou 450002, China; 2. Experiment
Station of Agricultural Science in Suiping County, Suiping 463100, China)

Abstract: To explore the effects of vertical rotary tillage (VR) on soil compaction during the wheat growth periods, the effects of VR (30
em=5 cm) and traditional rotary tillage (TR,12 em#+5 c¢m) under no fertilization (nF) and fertilization (F) levels, respectively, on wheat
grain yields, nitrogen use efficiency, and soil compactions during two consecutive seasons (2017—2018 and 2018—2019) were studied.
The results showed that VR increased wheat yield, improved nitrogen use efficiency, decreased soil compaction, and improved soil
productivity compared to TR. Compared with nFTR treatment, FVR and FTR treatment related grain yield increased by 50.16% and
36.28%, respectively, in 2018 and by 42.91% and 34.79%, respectively, in 2019. Nitrogen agronomic efficiency of FVR increased by
38.29% in 2018 and 23.35% in 2019 compared with FTR. Partial factor productivity of nitrogen for FVR treatment increased by 10.15% in
2018 and 6.02% in 2019. Compared to TR, VR significantly reduced soil compaction in the 10 c¢m soil layer depth at the elongation stage
and filling stage in the first season. However, there were no significant differences between the two tillages in the following season. VR

tillage could also reduce soil compactions in the 20 c¢m soil layer depth at the elongation stage, and significantly reduced soil compaction
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under fertilizer conditions. Additionally, there were no significant differences between the two tillage for soil compactions in the 5 cm soil

depth layers. VR could effectively decrease soil compaction in the 10 c¢m soil layer depth at the wheat elongation and filling stages,

constructed better soil structures, and increased wheat grain yields and nitrogen agronomic efficiency.

Keywords: cultivation ; wheat growth period ; soil compaction;yield
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I ORI AR Z — IR ZE B 2O £
PR SR S EUE Y BRI BN R, WAL
B, TE/N K —AFE PR X 22 Z AR R e L S b
PR, R BN Z R, BRI LR R BFZ B
AR RAF NI o

g B S R SR A A AL BURE | TS
TR R A R, B i 7 . B e RS I
I, AR 3, FLBUE N B MR SR
Wy 2D, 77 BT T MU TR A I 2 A B R 2
AR AR R i R LI R, T S 2 i N
B SC MY  1E A AR AR R b
e XS 02 AR A 7 R A I MAL , e AR S 0 Ao
TE KA RN A EA TR A RS, +
R SLREME AR A AR I RCR, T 4 B %
R IR SRR AE R AR R BN 1 4 b A5 R S
BORP . VR Rl A8t B AR B 48 SR 52 A s
o 5o REEAR LL , ROK I8 HE 25 R R 5 19
RTINS, D, s TR B 2 I T A R
AL T AR AR SRR DR AP PR BRI RE S U035 1Y)
A, AR UCBEZ ISR, e /N AR R AR

A B s SR = A A, P RK IE
PAIREE N 7, 3 i e I, LA K HE AR ) E ) Y
ARAERE . SRR — R AR BT B
FZh F3 U 3 7 ORERHIL A T R B Sk e
RO R R L IR B TR HERE R MR Bl
A LRI AT I 30~60 cm, REVR L ATAE AR Z , 2% +
SEAER  ARAFE R R HFIE R A [ 55 it AL
FAEN SR HUEH AR R TT S L, S e
k3 28) R AR iRy /N1 R RIS 22 P fE
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AHFFE LASE ZERE (30 em+5 em) | HURERF (12
em+5 cm) PR [F] 4 EREAE 7 SO el i 58 G
INFE AR T RE S - R S N
it LA SR R T2, R S INAZ S m] 8
S

1 MBETE

1.1 X5 L5

TR M 7 T R 4 % T B A B 2= g6l (330
15" N, 113°98" E) , J& Wz ik il K i 1tk 22 RS . SRR
Fo AR AT, T A TR, DU R B A ) R I
e PP A I . AR AR L H R RROK
B CHEWA AN 15.1 °C .2 126 h 927 mm 226 d.
e Ry b 22 R b AR A, Pk 55 R M (pH=
5.9) 0 TG H LA - A LT AR S A RO AL
BE Y R 6.52 g kg 18.6 mg- kg™ . 110.40 mg-
kg 139.10 mg-kg '
1.2 RBIEIT

B AN 2R X BT, 35 BUE#E (Traditional
rotary tillage, TR) . 57 =g #F (Vertical rotary tillage,
VR) 2 Fh#E1E J7 20, ASjiti A (None—fertilizer, nF) . Jifi A
(Fertilizer, F)2 /it JE K, BN PREE 42 3 vk, JLi )
124 /NK, /N TETFR 8 mx 6 mo it A A2b 3 g4 it A
7 BNE 300 kg N-hm™ BEJE 82.5 kg P,0s - hm™, £ it
82.5 kg Ko0-hm™, HH i lEALHHr, 70% () ANEFI 4>
OB A A SRR I 7 A b s — VKA, T 4% 30% RUIE
FEST WIVEIB AL A 5 A NE A FRAE A% B T3
FAEFI R, O MHERE(TR, 12 cm+5 em) . FAAE
IR WK SOHR S5 R B K3 I P 38 e HE LA
FERE 2 8 , B H IR E H 12 em+5 em, 15 I GERL
3% 13 (PRJE 5~10 em) , 37 s @37 e #F (VR, 30
em=5 em) : FAEVEYIA IV B K R 5 B i K7
Je S S BERF AL IR BERF 138 , B HL T N 30 em=+5
e, P HUBERFHLF-4% 13 (RBE 5~10 em) , & Fl .

INFE SRR R %3 101 (B2 22 2015004 , 1] 5 °F- %
Fiol A BR A w2 - B B2 E R IR ik F ) |, 2 5l 7
2017 410 J A1 2018 4F 10 A T~ A) HLIE RE & Al , 45 =
150 kg~ hm™, 471 20 em, 43 %1 72018 2019 4E 6 J] |
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ISR 5 T 45 A B IURIAE B R OK , FLAG B I 7 1
Folr, JH Aty P ()45 Bt S5 R — B
1.3 MEDH

TE /N ZE 3% R AT I 2 0~20 em 1 3B fR R A 3L
e HUSCE AT AL A AR A O i, A3 iR T A
HL72:.0.5 mol - L' NaHCOs 3 | &R B2 i $ - K N 6 &
e RS PRI T I s /N EE AT I (2018/03/12
2019/03/27) 4% 1 (2018/05/04 .2019/05/04 ) FH] & 5
FEAL(SY-TO2, B H IR A BRA ], i ED I E 5
10.20 em #F)2 H R AN K BHZ A E R
MIRE 6 1K 5 /N2 N, B~/ X e B 4 m? S 7
RIEA AR RIE A J1PR LT A THA

B 2E500% (kg - kg™ ) = it ZUIE X 7™ 5t - %] B]
DX 7= i ) /it FH UM e

RAE A 7= J1 (kg - kg™ =AE Pt IE )5 7= /2R
Jite FH
1.4 BIESH

Bd FH Excel 2003 . SPSS 20.0 25 8 {4 i#E 47 % B
FHLSD L3047 i 25 P 4, i P K F 0=0.05

2 HRESH

2.1 AEAMEARNEFENILE

FEAH A R HKCE T, i T RHE S R
HEHEZE B R SR SR TR] DRI AR AR R R
HAEBRKRZES ., MEIATUER, FEREAET,
2018 4, 37 A EHF ANt I (nFVR) |5 BLJE B A it JIE
(nFTR)AEFR/NEE 7= 43902 7 011.9..5 227.5 kg-hm?,
nFVR % 5 T nFTR AL, 54011 1 784.4 kg-hm ;2019
4, nFVR(6 808.9 kg-hm™?)>nFTR(6 652.3 kg-hm™),
FEHE N 156.6 kg-hm™, 2 RAEE . AT,
ST ECTERFRGAE (FVR) AL BRI /INEZ 7= 1 8 F 5 RUBER
Jiti JE (FTR) &b 3, 77 4t 43591 55 ¢t 725.6 kg - hm™ (2018
4F).540.7 kg-hm(20194F ) (HUZALFR] 22 RN i 2% .

5 nFTR 4L # 7= HEAH H, 2018 4 FVR Ab H 7™ 5 34
i 50.16%, FTR 4b Hf 1 ii§ 36.28%, FVR>FTR; 2019
4, FVR 4b 3 7 &2 34 1§ 42.91%, FTR 4b B 3% i
34.79% , FVR>FTR . 7 2R i AT Ak 3 9 47 1 7 1
Bt YRR B R T BUBERE AL B, 156 B ST =R
AN REUE— ik M A T .

22 AEAMMEARXNNEZEERSZTNTIEELELILE

ANEBEE T R /N K 2 4 4 S AR b
WK 1~3 i .

TERIAE SR, I 1T LA L2018 4, /N 3k
I FVR AL FE 10 em )2 L3809 508 30.23 N,
AT FTR Ab 3 (5523 N) . #ER 15 2 M1,
FVRARBE 10 em #2480 B2 53.30 N, 211K
F FTR(87.54 N) . 2019 4F , 7 [a] — Hb He | 43 1] 1% 22
H42 2018 A HFAE 5 =0, 31T FVR A 2 10 em #F
2 HEAY B SR (12027 N) & T FTR(96.45 N) , 25 5%
AN E S FER 10 em B2 809 B RIN FVR
BT FTRACEE, 27 AN B3

TEANIEAE ST, B 2 /T LA Y, 2018 4F 4115
HAnFVR AL B 10 em HFJZ 32 K28 24.63 N, i
EART nFTR(93.37 N) s #EJE 1 10 em #F)2 1 5B 5K
JE R K nFVR(50.60 N)<nFTR(74.44 N) , 254K i
F o 20194F,10 em #F 2 4 1 B S0 B 3 B0 R 4T 1
nFVR (126.13 N) >nFTR (108.32 N) ; # 3% ] nFVR
(135.43 N)<nFTR(187.30 N) , R AN B,

N TR R A LR E R )Z (5
em) FITRJZ (20 em) (92840 AE L, %F 5,20 em # )2 -1
B S REREA T T I (1 3) , AR 4514 T, /N2 4k
A5 A nFVR .nFTR 23 20 em #F)2 38 114 5 52 45 43 51
}177.03.287.28 N HEH W] ,nFVR .nFTR AL PE 5 em #f
2 A S S S 4y 5 R 116.53,.102.70 N, 25 7 HR
W RIEFET NEHR T FVR FTR A2 20 em
B2 0 0y S 4y Bk 164.33.314.53 N, FVR 42t

F1 AEFEFXT/NENFH =2 (kg-hm™?)
Table 1 Wheat grain yields under different tillage during harvested stages (kg+hm™)

2018
b3

2019

5 nFTR [6])" 5 22

5 nFTR [A] )7 22

freatments P Yield Yield differences with nFTR PR Yield Yield differences with nFTR
nFVR 7011.9+512.3a 1784.4 6 808.9+932.3bc 156.6
nFTR 5227.5+565.1b — 6 652.3+499 3¢ —
FVR 7 849.4+668.1a 2621.9 9507.1+142.8a 28548
FTR 7 123.8+658.3a 1896.3 8966.4+1 672.7ab 2314.1

TE : R R/ NG FRE 3R AL PR 22 57 2 35 (P<0.05) .

Notes : Different lowercase letters in the same column mean significant difference at P<0.05 level.
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Different lowercase letters in the same growing stage mean significant difference at P<0.05 levels. The same below
B MEEGTARSEAR LEESZE (10 cm BB HIELER
Figure 1 Soil compaction(10 c¢m soil depth) under different tillage at fertilization levels
[ (A)2018 007 2019
g
£ 400t
:
s 300t a
|
M 200 B a a a
i
a a % I [ I 1
T a = 100 | J.
b gy
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O B IEAL nEVR - O WS ARG nF TR
B2 AHEREGHTARMEARN TEELE (10 cm HE)HILLE
Figure 2 Soil compaction( 10 c¢m soil depth) under different tillage at none fertilization levels
(ARG 00 3 B A nFVR S00r (BIHAE O < RAEBHGIE FVR

No fertilizer application O % BUEHEA AR nFTR
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T
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PRI AR T FTR AP W FVR .FTR AL P 5 em #F

S e
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T
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Figure 3 Soil compaction(5 ¢m and 20 cm soil depth) under different tillage at fertilization and none fertilization levels
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Agronomic efficiency of nitrogen fertilizer of FVR and FTR were caculated
base on none fertilizer treatments of nFVR and nFTR , respectively in
Figure A ; And agronomic efficiency of nitrogen fertilizer of two tillage
methods were all caculated base on the treatment of nF'TR in Figure B

B4 EREZGTARMEAXBRIERFZRNRI LR
Figure 4 Agronomic efficiency of nitrogen fertilizer under

different tillage

kg!,FVR HC FTR AR BEAIG 1.27 kg kg, 2253 2. % ;2019
3918 8.99 .7.71 kg-ke™, FVR [t FTR b 31 AUIE &
R 16.60% , 25 SN

A B LLE BUERE A AL (nFTR ) SR 58 AR A 2
ROR HIE 4B AT LA 1 R R - 38R S m A~
/NZE ZE FVR A R A 24 850K 1 8 F FTR A 2R
20184, FVR(8.74 kg-kg ") L FTR(6.32 kg-kg ™) Zb Hf
BNEA AR R 5 38.29% , 22 5+ .2 5 2019 4F , FVR
(9.52 kg-kg ") L FTR(7.71 kg - kg™ ) AL A 2 R R 4
1 23.35%, AN

ANTRIBEAE T 20 AU X 25 22 /N2 77 i i) BT ik 4
5 %, 2018 4, FVR \FTR &b 30 it U8 It 4= 7= 1143
Wk 26.16.23.75 kg - kg™, FVR [ FTR 4% 5 10.15%,
25 B2 2019470514 31.69.29.89 kg-kg' ,FVR b
FTR & f 46 7= F1 47 6.02%, 22 5 A % . WA 7
40—

= 50r o

g O 7 R BEBHIENE FVR

E 40 O # BUREHIEIE FTR
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Figure 5 Partial factor productivity of nitrogen fertilizer under

different tillage

ABERF I =T, A R RN i FH X /N2 kR 5 1
TR T 0 BUERE . 201848 , ANl IE /NG = RE R BN
nFVR(7 011.9 kg+hm?)>nFTR(5 227.5 kg-hm™2) , /N3
% —Z5 R H nFVR A BT RIE AR 22808, S 801
A L R BB A 2= AR A

3 iTtig

WEERTIEAY %N E i - Y WIS B
BB REAR )77 1R B R IR 8 K S P e W 2 42
FREE R AR B LR, B H S HAR Y B
(20~40 d) - 38 55 i T B 5 0 IV B ) L 25 5 48 v B
HRIEE KA (45~165 d) HAR Hh & B (SS) IR —
TR 18 25 B AR PR TL B (ADPGPase ) WG4 , B4 IMTE M
i, HE m HUR T R R ) A A, 38 7 20.01%~
27.78%", TEHEARERE R AL IRARE T 3T
WAL 2, BRAR - 8 S S0 AR AE, $2 w  AE b Jot
w2 AR KB, L E#E (VR, 30 ecm=5 em) T f4)
A A HE S5 AL FUBE 2 HE BUIERE (TR, 12 em+5 cm)
WHe R FE 1 )7, 5 nFTR A 1, 2018 4, FVR .FTR
A FRFE RS N 2 621.9 .1 896.3 kg-hm™;2019 4,
FVR . FTR &b 2 7= 5t 43 51 34 1 2 854.8.2 314.1 kg -
hm™2; B iF I 2 P FVR>FTR

T3 — 5 T, WERE - HERE B B BN 15~40 em £+ 2
GO WA A S A o 498 P S U AR AR
K, HIELE v PEREREAR. AWEoE T, - 5EHEA T 7
JERE G Zad /N B AR TEIR TR HESK I 10
em B2 804 B ST B I TR AL B, {HR X A AL
A AE 24 245 o0 W g 5 1t HL 7 S Re gk RE IR /N2 T
WIVR)Z - HE (20 em) 1 S5 BE , 0Fh B 52 7E it N 45 1
TR, AR T/NEZRE R K AL NEER /)
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RN, 2 AR . ULBIBGIERE T 5, REA
TR/ R A I AR O LR T T TR
S, A S A T - SRR D5 32 v ) S A A B, 3 30
PEACRER 3 I -+ B2 5B, oies L 33254, i L
TE—E R L L RESE DAL B R A9 45 &,y /R
AU A b RS R0 S 3l ) — BRI, S %)
ORI A T AR X ) LT RE f v L H
A B A TS, R RS RAF o BAESEPRAE R
5 18 2 BAR R LB T A B R
HLERAE N B2 IR E SR 3R, B0 B /R A
KRR

4 #ig

(DREAEZEAET 55 BUBERHAE L, 3 ek g ¢
ERRAREE —Z /N I 10 em B2 13
BRI A B R 25 SO B AN IR SRR T
AL . 7 A ERE RE R AR /N 22 3515 191 20 em B2
RS PR IEAE LT E RR A . PR X
TR cm BHEMN HIEE L E LR AR E .

(2) 37 A ERE BB % £ = RR SR /N2 = i, T
HAEUE— 0% L A 7= T, 5 0 BLRE R A it R Ak
PEAR EE , 7 2 e R fta AT Ak 27 138 R R 50.16% (2018
) . 42.91% (2019 4F ) 5 A A #3054 5 38.29%
(2018 %) .23.35% (2019 4 ) , H =3 2 AN
P77 T3 4% 15 10.15% (2018 4F ) .6.02% (2019 4F) .
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