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¥ H Microsoft Excel 4b#REHE FAE &l 5k H SPSS18.0 #4725 1 A6 5.
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3 AR BT A BAE X - R AR AR IR RN 7 i B A L 3R YA B A RO (GR D3 AR RN
FE R R K BN R SS.PT RT.SS % PT #1 RT £ £ B 4 B &8 i, {H PT Ml RT MZHF AR
FLOHA LSS PT RiJa 3 4/ B 5= 11.01%.3.07% (P >>0.05) A1 5.91% , % RT 43 B 7= 15.87% .
5.62 0 F1 7.10 %6 , 5 AR BEHE PR BE /N s SS M BEEEE PT 43 534 N 4.52%6.3.58 %6 (P =>0.05) Fil 6.57 % , 4%
RT 4350 . 3G 0 6.59 %6 .6.61 % Fll 11.51 %0 A [R] R A 5 2% eboAer 250 0 T 467 Jo 2 A9 582 1) A6 AN [) 4 03 36 A
], SS B R AL PT MR W3, 88 RT B 2021 — 2022 4F B A ¥ 3 B0y W 25 08 I, iy T2 BT &2 B 2019 —
2020 AFPERE RT WHRER 9.24 65N TR #E 2% 5.5 RT ML, PT BRI ECAE 2019 — 2020 4F B2 AT 2020 —
2021 4E B4 38 A0 17.00 Y0 F 7.49 %, TR i 3 4 v 34 6 i AR k.

£1 BEARMBERE-ERECRNEFSHENZM

Tab. 1 Effects of tillage methods on yield traits of wheat in dryland winter wheat-summer maize rotation system

AR Aib 3 FedR/ (kg » hm™2) K/ (104 « hm™2) UL %L TR/ g
2019—2020 ss 7 667.06+114.66a 599.73+5.63a 31.234:0.32a 34.454-0.73b
PT 6 906.8092.94b 573.804-4.13b 29.461.00a 36.4120.36ab

RT 6 616.75+231.81b 562.664-6.13b 25.180.92b 37.960.49a

2020—2021 ss 8 335.344:79.49a 597.297.02a 42.314:0.96a 39.67+0.46a
PT 8 086.91462.15ab 576.624-8.37ab 41.15240.80ab 40.8220.76a

RT 7 891.514£72.99b 560.284-4.16b 38.281.08b 41.5940.77a

2021—2022 SS 7 978.57+54.89a 621.974+11.76a 52.35+0.93a 42.1240.71a
PT 7 533.40%80.81b 583.6247.95h 50.9540.90a 40.964-0.22a

RT 7 449.54455.73b 557.7745.20b 51.2640.46a 40.661.03a

T B S5 AN [/ 5730 3R ] — 4 J3E P Ak 3 ) 2% 53 B %5 (P <<0.05) , T [dl.
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Bl 2 B8 2020—2021.,2021—2022 WAFBErh & A B I A BB ALR AR R i KB BRI SS,
PT.RT.APAERMERFE . 5 RT ML, PT 7684 3R L FF 18 AL 2 43 5 42 &5 16.43%0 . —0.12% (P >
0.05).8.42 % F1 6.58 % » SS 43 1) i 25 $2 755 13.86 %0.9.44 % . 13.58 % F1 12.96 % ; 5 PT AH kb . SS 7 i 4 ] f& A
4.84 Y0 AEPRT T AL FSBI 4 A HE 5 9.58 %0 .4.01 % A1 5.53 % I SS X RAEX F-ERAER R /NERE
FREA e HE4E .
2.2.2  XFAE AR SRR R R

/INZE LA b 1 A R A R A R BN R IR kR R B+, BHE P A A Z BB B A
Tt b 48] F 8 2V D R 2% B T S (8 2).2020—2021,2021 — 2022 W4E I b SS B FE kL A 2 A B8 N HAM e It
i CRWORTE 8O 4 5, 88 PT HTJE AR FE 70 5 B 35 4 i 8.01 %6 ~10.21 6 1 2.84 96 ~3.95 %0 . % RT 43 il 42
5 17.89%6~19.83 % 1 5.00 % ~5.89 %6.SS My Flfl + Bl e A EZ B 5 . 8 PT #2815 12.68%0~17.29%,
B ORT $5 12.27%~14.10%.5 RT M 6. PT BFFRLE R R i W 2485 8.37 %0 ~9.15 %0 » i A Al + 53 7
R ST TC LA 5 25 B AR 6.37 20 ~9.21 %40 o fH 3% [l (1) 25 i 80 22 AR B M43 C LU 491 L Bl h + o R R AR B A
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Fig.2 Effects of tillage methods on aboveground nitrogen accumulation of wheat in dryland winter wheat-summer maize rotation system
2 HMEAXNBRERZ-EREFRFAERERZ RN
Tab. 2 Effects of tillage methods on nitrogen distribution in different organs of wheat

in dryland winter wheat-summer maize rotation system

EX T+ 5 AT kL
AR RE b B
MZE&E/(kg+ hm %) Ll / % MZP&E/(kg+ hm ?) L il / % MZE&E/(kg s hm ?) Ll %
2020—2021 SS 35.2142.41a 14.434+0.60b 24.5241.00a 10.05+0.37a 184.29+4.42a 75.5041.48a
PT 38.8041.73a 17.034+0.40a 21.7640.65b 9.554+0.18b 167.22+4.38b 73.4141.09a
RT 37.4242.35a 17.56+0.60a 21.8441.81b 10.25+0.49a 153.79+£5.16¢ 72.1841.59a
2021—2022 SS 39.63+3.62a 16.79-+0.66b 18.86+1.12a 8.01+0.37a 177.23+5.74a 75.1941.54a
PT 46.65+2.20a 20.56+0.45a 16.08+0.47b 7.094+0.20b 164.09+5.67b 72.33+1.15a
RT 44.77+4.75a 21.16+1.36a 16.53+0.50b 7.81+0.20a 150.33£6.25¢ 71.0142.06a

x3 HMEARNNBRERZ-ZEREGFRNZHM FBAEIREREHFENZ N
Tab. 3 Effects of tillage methods on aboveground nitrogen accumulation and translocation and their contributions

to grain of wheat in dryland winter wheat-summer maize rotation system

. i M AR iz w/ AE T % 328 2 R A AL IR ARMER/ A6 S5 S 2 A B X FP ALY
(kg » hm™?) Uik %/ % (kg + hm™%) Tk %/ %
2020—2021 SS 142.52+5.28a 77.2841.35a 41.77+1.77a 22.6640.85a
PT 131.97+2.35ab 78.9241.30a 35.25+2.33a 21.10£1.53a
RT 117.52+3.27b 76.41a+2.10a 36.27+3.21a 23.58+2.10a
2021—2022 SS 148.28+1.30a 83.69+1.42a 28.94+2.75a 16.30+1.42a
PT 137.98+4.821ab 84.044+1.54a 26.10+2.1a 15.95+1.54a
RT 122.04+6.83b 81.05+2.41a 28.28+2.85a 18.94+2.41a

23 HMEAXMEERZ- FERMEARINEZAREZRENMHFANEARENZ T

MR 4 W LLE LSS 8 PT Fl RT, /NE AR NAERCE SRR T RS, 78 2020—2021,2021— 2022 4F
JER PT FEE A 3% . 88 RT 40 91 8 3 FAR 7.72 % A1 3.86 % . 1 4 48 72 100 kg b 0 K 77 oK & 5 A s B,
3 A B v IS A AR 7 T FORFRL B 15T e R BN R BN SS.PT . RT, Hp &UIE A 42 7= J1 %8 PT A RT 4%
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N 3,096 ~ 11,0026 Fl 5,639 ~ 15.89 6 . 8 FH Ji )™ & 43 1) 12 35 39 hn 7.92060 ~12.98%4 M 17.90%6 ~
23.5690.5 RT MILL . PT &9 RN (it 25 T 838 i AN 38 AH AR 1 B B AT 3 47 52 4300 S 25 8 9,364 .8.74 %4
F119.23 0. AT UL, SS F T e /22 RIE Al A 77 3 FEE 1 577 o, (H 2 B AR R0 3R N TR0 DRI 4 A 7 100 kg
FPRL R T R AT T4 v
x4 HEAXNEBRERZ-EREFRNMNZEZTVNENHRNEARTENZ N
Tab. 4 Effects of tillage methods on nitrogen efficiency and grain protein yield of wheat in dryland

winter wheat-summer maize rotation system

- e ARNTERAR/ B4 100 kg FFRLA R AR AL 1/ idSloilas ¥
(kg + kg™ 1) ok / (kg + (100 kg) —1) (kg + kg™ ) (kg * hm™?%)
2019—2020 SS 31.7640.48a 3.14+0.04a 42.5940.63a 982.64+24.11a
PT 31.4140.44a 3.18+0.04a 38.37+0.49b 869.734+25.31b
RT 31.8440.95a 3.14+0.09a 36.754+1.29b 795.294+35.51b
2020—2021 SS 34.17+0.71b 2.90+0.06a 46.314+0.42a 1 050.12+13.66a
PT 35.50740.40ab 2.81+0.03ab 44.9240.34b 953.28+14.61b
RT 37.0340.38a 2.70+0.02b 43.8440.41b 876.631+8.63c
2021—2022 SS 33.85+0.21b 2.95+0.01a 44.3240.31a 1009.98+7.18a
PT 33.2140.26ab 3.01+0.02ab 41.8540.43b 935.684+25.77b
RT 35.2140.70a 2.84+0.05b 41.3840.32b 856.58+16.94c

24 BEARXMBMERZ-EREGRRNZKIRY 0~200 cm T EHSEZ BN

FH &1 3 AT AN R 7 O Sl A U8R B i B W R S A, BT 59 2019 —2020 Fil 2020 —
2021 4EPERE R 1 2 IR B9 2 S BUARE . 2019 — 2020, 2020 — 2021 4EFF TR S A FEE h7ES0~
160 cm 1 J2,SS FIEM A AT E B PT 409 T 27.47 % M1 16.50% .48 RT T FE 29.05 % 1 18.68 % 43 #r
0~200 cm )2 AR RE LI BI)G 3 4EE SS# PT 405 FFE 9.75% .4.54 % F1 18.27% , %8 RT ¥ F
R 12.18% .6.88 %0 #1 18.72%. Uk B, SS M| FIEMINRE X Z-E i ER R 22 W RIS Ak B &, Hxrh £ 2
IR R R B KL PT 8 RT Xt 0~200 em £ %0+ J2 A9 - HE RS 25 5% B3 5k A0 8 52 200 R AR B i 5%, 7
2019—2020,2020—2021 4 FE R I A AR, MIAE 2021 — 2020 4F Ji ) 2 30 H AH B2 ke 2.
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Fig.3 Effects of tillage methods on the nitrate residue at wheat harvest in dryland winter wheat-summer maize rotation
A \A
3 W O’

31 HMEFAWNEEREZERMEFRNEFTENZNT
PR R S B AR /N A o 7 Y R AR TN ST R W TR AE AN [] o A DX sl 2 3 B e 0 7



% 5 FRAFF HEF XS IR L-ZHMERRADEFE RFHNARLEMERAG Y0 7

FLRAS G 7= 5 HA A T 7= b i B A 56 A6 3+ IR A 9% 26 B L PR AR TR AN FE T 52 R0 2 /K AR AR 35 0T ) 42
1o /NZE R T A T R D 2 B KA B 9T e B S BB L TR S CE T A Bk R A
T T TR B A2, M 4 7 B (3.80 %0) AR £ (18,80 %0) » e £ i 5 8 7= 22,00 %1% T/ A5 4
TR BA R T B 3R 4y AR RN AR KR E S B NN 22 A ORI B ORE B, DT BS in / Z2 7 L WANG
SRR I — O A A T A ST A SR I TR AA BB E /N AR R IR R AR K SRR R o i /N 2
B, AR AR R 7 R AT & B VRS AR T R A B BE 3 A v 38 R D A B RAE X -2 R VR AR RN 2 R kL
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Effects of tillage methods on wheat yield, N utilization and soil nitrate-N

residue in dryland wheat-maize rotation system

Fang Baoting'?, Li Youjun', Yan Guangxuan®’, Li Xiangdong®, Ren Kaiming', Hu Chuan',
Zhou Qihui', Dong Shiyan®, Zhao Kainan', Huang Ming', Cheng Hongjian®

(1. College of Agriculture, Henan University of Science and Technology ,» Luoyang 471023, China; 2. Wheat Research Institute; Henan Province
Engineering Research Center of Wheat Yield-Quality Simultaneous Improvement, Henan Academy of Agricultural Sciences,

Zhengzhou 450002, China; 3. College of Environment, Henan Normal University, Xinxiang 453007, China)

Abstract: In order to clarify the suitable tillage method for wheat production in wheat-maize rotation system in dryland
of the midstream of Yellow River, a three-year experiment with three tillage methods, including rotary tillage(RT) , subsoiling
(SS), and plowing tillage(PT) was conducted at Xiaolangdi Town, Luoyang City from October 2019 to June 2022. The yield,
and aboveground nitrogen(N) accumulation, distribution, transportation, and N utilization efficiency in wheat, and nitrate-N
residue in the 0-200 c¢m soil layer were investigated. Over three years, compared with RT and PT, SS significantly increased
wheat yield, number of spikes, and grains per spike but it decreased the 1 000-grain weight. Compared with RT, PT increased
wheat yield and number of spikes, but the effects on 1 000-grain weight and grains per spike varied among years. Compared
with RT and PT, SS not only increased the N accumulation in aboveground parts at various growth stages from overwintering
to maturity stage of wheat, but also increased the pre-anthesis N transportation and its contribution to grains, thus ultimately
significantly increased grain protein yield by 17.90% —23.56 % and 7.92% —12.98% , the partial factor productivity for N fertil-
izer by 5.63% —15.89% and 3.09% —11.00% , however, it reduced the nitrate-N residue in the 0 — 200 cm soil layer by
7.39% —21.24% and 4.76 % —23.04% , respectively. In summary, SS should be adopted as a suitable tillage method for simul-
taneously realizing high yield, high efficiency, and environment-friendly in wheat-maize rotation system in dryland of the mid-
stream of Yellow River because it not only increased wheat yield, promoted the characteristics of aboveground N accumulation,

transportation, and utilization parts, but also reduced soil nitrate-N residue.

Keywords: tillage methods; dryland wheat-maize rotation; wheat; N utilization; nitrate-N residue
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