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Effects of tillage and seeding methods on yield formation of dryland wheat

LI Ruiya"?, SUN Min'?, REN Aixia"*, LIN Wen'",
QIN Jiwei"?, LI Lei"?, LU Pengfei'”, GAO Zhiqgiang'
(1. College of Agriculture, Shanxi Agricultural University, Taigu, Shanxi 030801, China;
2. Provinces and Ministries Collaborative Innovation Center for High-quality and High-efficiency
Production of Featured Crops on the Loess Plateau China, Taigu, Shanxi 030801, China)

Abstract; Two major tillage methods of deep ploughing and no tillage and three sowing methods of furrow so-
wing, film mulch sowing and drilling sowing were designed to examine the effect of soil water on the dry land wheat
yield formation and economic benefits during 2015-2017 in Shanxi Province Wenxi dryland wheat field experiment
demonstration base. The results showed that deep ploughing during the fallow period significantly improved the soil
water storage efficiency of 0 ~300 c¢m before planting in dryland wheat, reaching 46.97% ~240.44% , which in-
creased the soil water consumption during the growth period of dryland wheat from 6.48% to 13.07%. The number
of ears, grains per ear, thousand-seed weight and yield were increased by 3.32% ~7.22% , 3.67% ~6.53%, 1.11%
~3.61%, 10.23% ~ 13.16%, respectively. Compared with drilling sowing, the furrow sowing and film mulch
sowing significantly increased the ear-forming rate of dryland wheat by 5.99% ~16.87% , and significantly increased
the ear length by 0.8 ¢m to 1.7 em. The number of fertile spikelets was increased 1 to 3. The number of ears and

grains per ear increased to 5.28% ~15.75% and 1.51% ~11.25% , respectively. In addition, the use of moisturizing
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and furrow sowing after deep ploughing during the fallow period reduced the investment by 1 200 Yuan - hm™ com-
pared with inter-film mulch sowing, mainly due to rotation. Farm machinery input, plastic film and artificial input
of recycled plastic film increased the economic benefit by 622~754 Yuan - hm™>. After deep ploughing during the
fallow period, the use of moisturizing and furrow sowing reduced the investment by 300 Yuan + hm™ compared with
conventional drilling sowing. Farmland machinery investment increased economic benefits by 1 430~1 899 Yuan - hm™.
In summary, deep ploughing during the fallow period was beneficial to accumulate precipitation and improve the
bottom moisture. Combined with the exploration of soil moisture and furrow sowing was more conducive to increasing
the soil water storage capacity of 0~300 cm, thereby optimizing the yield components and realizing the increase in

production and efficiency.

Keywords: dryland wheat; furrow sowing; deep ploughing during leisure; fallow period; soil moisture con-

tent; yield formation
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1.1 iR Ba Hu a5

AT 2015—2017 4FFE L PY A4S [ 35 R M/ 22
R /RIEHEM (111°17' E,35°20" N) #17, iR Hb
LT S AR, 8 T2 T 5 W i A /N 22 Bl
X, M3 450 ~700 m, J& TR H7 ARl P 2 KUSUME, 4F
H BRAT4L 2 300 h, 85 12°C ~ 14°C, e 200
d,—4F— 30, Z R NIRRT, 7Kook 08 o KR %
K, TCHEBR S5, 2015 6 H 15 HXE 0~20 cm
+HEAE S R AL 10.55 g - kg 2% 0.68 g -
kg™ B f# A 37.65 mg - kg™ H A WE 17.64 mg -
kg™;2016 4E 6 H 10 HIE 0~20 em AL S5 4.
AL 10.62 ¢ - kg 2A 0.68 g - kg kA A
38.22 mg - kg™ ERLHE 15.28 mg - kg', 2015—
2017 R0 SRR I LR 1,2005—2015 4EF- ) R#
JKH 471.1 mm,2015—2016 4E[F/K &4 386.8 mm,
B 2005—2015 AF K R R R 1 98020 204.7 mm, 35
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Table 1 Annual and 10-year average rainfall and their distribution at Wenxi base from 2015 to 2017
=) NGEY R ~ M2 A ~ R TI P ~IFAEH FHAE ~ Y Mt
Year Fallow period SS~WS WS~JS JS~AS AS~MS Total
2005—2015 299.4 50.9 28.2 36.6 56.2 471.1
2015—2016 94.7 101.2 11.0 57.1 122.8 386.8
2016—2017 165.4 95.5 66.8 27.2 51.4 406.3

TE Bk IR P B B R s, IR .6 A= 10 H BA) R~ A0 10 i 11 A MR A ~ 50l 12 A B = 4
A B4 300 ~ JFER 4 AP R 5 A B4 IR~ Ral .5 AR E 6 A R,

Note; Data sources: Meteorological Observation of Wenxi County, Shanxi Province, China. Fallow period; From the middle 10 d of June to the first
10 d of Oct.; Sowing~ pre-wintering stage (SS~WS) ; From the middle 10 d of Oct. to the last 10 d of Nov.; Pre-wintering ~ Jointing stage ( PS~JS) :
From the first 10 d of Dec. to the first 10 d of Apr. in the following year; Elongation ~ anthesis stage (JS~AS) ; From the middle 10 d of Apr. to the first
10 d of May; Anthesis~ maturity stage (AS~MS) : The middle 10 d of May to the first 10 d of Jun. .
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Fig.1 Simple diagrams of different planting modes
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2015—2016 4EFF (6 2) , nI UL, /N2 AR IR 3 R
T I3 BUAR R R K, 46 i 3 B K808, 2L
HRETTH
212 BAFHBPIEEKRE WIEKFER K
PRI VR A e 480 J S 2 R /N B A BT 0
~300 em THEE KR (£ 3), LR IRIRNIIRB S
A, R 1 RIS 25 75 050 5 L 2% 486 1T 44 1 2 /)
A 0~ 300 em - HEE KA, FRAL R AW 0~
300 em HEE K&, HEEE W & TR 5%
2015—2016 4, 4545 14 1 P 2% 196 48 0 TR 2% 4 e
AR ZE T AE R 0~300 em +IEE K&, 2016—
2017 4F BRI FE B R AR W E SRS i 0~
300 em TIEE K AR TIREI A1 R AR 0~
300 ecm HIEEEKE, FE& T R4 0~300 em
TR E K e, HERIARRE, 7T, KR
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Table 2 Effects of tillage methods on soil water storage efficiency of 0~300 ¢cm during fallow period

G BB RN PHERT R kR RAIET LR K PRI E K A PRI - e R BeR
Y Tillage Precipitation during  Soil water storage Soil water storage Water storage during ~ Water storage efficiency
ear method fallow period/mm before tillage/mm before sowing/mm fallow period/mm during fallow period/%
bp 398.58a 463.85a 65.28¢ 68.93a
2015—2016 94.70
NT 398.98a 418.15b 19.17d 20.25¢
DpP 342.10b 454.53a 112.43a 67.97a
2016—2017 165.40
NT 340.28b 416.78b 76.50b 46.25b

L : FFUARNG TR R 255 .35 (P<0.05) .

Note: Different lowercase letters in the same column indicate significant differences ( P<0.05).
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Table 3 Effects of tillage and sowing methods on soil storage
capacity at different growth stages of dryland wheat

GRS DTN

GO Till Seed: A S IR Sl

Year fage  Seediie g IS AS MS
method method

FS 538.01a 432.75ab 330.03a 332.50b

DP FM 545.18a 426.88b 321.40ab 328.47bc

2015— DS 515.66b 439.64a 338.01a 343.37a

2016 FS 499.33¢ 398.67¢ 307.31b 325.23cd

NT FM 503.30c 386.13d 289.90c¢ 321.15d

DS 488.10d 402.61c 312.28b 343.23a

FS 525.63a 481.35a 343.14a 265.91b

DP FM 521.01a 449.71cd 318.49bc 259.58¢

2016— DS 520.97a 476.40b 347.60a 273.14a

2017 FS 497.66b 459.08bc 332.47b 260.15¢

NT FM 494.31b 431.49¢ 305.27c¢ 252.71d

DS 485.47¢ 446.64d 322.98b 260.47c

L FAARF /NG F R R R FAE A N 22 5 8 3% (P<

0.05), R,

Note: In the same year, different lowercase letters in the same col-
umn indicate significant differences among treatments ( P<0.05). The

same as below.
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A BEA T80 I, BIRE K FE I, B0 s I RE K
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2.3 HHEEXFNEM XN R/ NE =B MBI

231 AAREERPFERMAE WIKEAFLR),
WA= 7 EREIOHERS | 5 /N A B A B 2R R -
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B 5 P /N A 2R B R R (18] 3) P 4% 2
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Table 4 Effects of tillage and sowing methods on water consumption and its proportion in each growth stage of dryland wheat

by ﬁfﬁgfc ;cgm:ﬁfc FEH ~ 7] SS~JS R ~ TFAEL IS~ AS TFAE ~ 2JY AS~MS ‘E‘*@k
Year Tillage Sowing B/ mm Lt/ % i/ mm He il % i/ mm LA/ % 1E/mm
method method Amount Ratio Amount Ratio Amount Ratio TWE
FS 144.11a 33.97ab 159.82a 37.67a 120.34a 28.36 a 424.27a
Dp FM 148.57a 34.80ab 162.59a 38.09a 115.72a 27.11b 426.88a
2015—2016 DS 136.21b 33.03b 158.73a 38.73a 116.45a 28.24a 412.38b
FS 132.51bc 34.34ab 148.47a 38.48a 104.88b 27.18b 385.86¢
NT FM 145.68a 37.30a 153.33a 39.26a 91.56¢ 23.44d 390.55¢
DS 125.45¢ 34.40ab 147.42a 40.42a 91.85¢ 25.18¢ 364.73d
FS 135.55¢ 31.55d 165.41a 38.51a 128.63a 29.94b 429.58b
Dp FM 166.97a 38.32a 158.42a 36.36a 110.31¢ 25.32d 435.70a
2016—2017 DS 140.53¢ 35.64c¢ 156.00a 34.57a 125.86ab 29.80b 422.39¢
FS 120.44¢e 30.26d 153.82a 38.65a 123.72b 31.09a 397.97e
NT FM 147.65b 36.45b 154.42a 37.88a 103.96d 25.67d 405.03d
DS 131.93d 33.26¢ 150.87a 38.03a 113.91c¢ 28.71c 396.70e
~ y 1200 p e
12000500 501 7@ 2016—2017
= ab - L
2 I 'I'_I_ 2
~Z 1000} S ~= 10001
(=% [="
£ o £ 0o a
23 73 ab T ab
P Z, 800 - E 800 1 {_
=3 =3 N
M2 600 ) L
‘27; 400 X = g 400 F §
2 g .
200 & N 1 1 200 Ll § N 1 1 J
JS WS
A= B I 1 Growth stage A= 75 I 9 Growth stage
O DP-FS H DP-FM DP-DS I NT-FS NT-FM ONT-DS

TE:BS: 2RI, ARG FRER IR 25 L2 B I AL 0] 22 53 .35 (P<0.05) .

Note: BS: Booting stage. Different lowercase letters indicate significant differences among treatments in each growth stages ( P<

0.05).

B2 MEEXTMENAANEMNESEEETHPRENEEHHZIT

Fig.2 Effects of tillage method and sowing methods on population dynamics of dryland wheat at different growth stages
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Note: Different small letters indicate significant differences among treatments ( P<0.05). The same below.
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Fig.3 Effects of tillage and sowing methods on stem tiller rate in dryland wheat
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Fig.4 Effects of tillage and sowing methods in fallow period on agronomic characters of dryland wheat at maturity
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Table 5 Effects of tillage and sowing methods on yield and its composition factors and harvest index of dryland wheat

e . HEAL o % hi g KFE%
iy ﬁﬁ/ﬂ;ﬁiﬁ Tﬁﬁﬁiﬁ Spike number Grjin*;u%ber lo:g)fiin Yield q%lgjizj&
Year Tillage method  Sowing method /(10* « hm™?) per spike weight/g /(kg - hm™) index/ %

FS 397.71b 34.80a 43.40a 4597.63b 35.55a
DP M 418.17a 33.38b 40.91¢ 5184.50a 36.02a
DS 361.32d 31.28d 41.90b 3950.24d 35.11a
2015-2016
FS 377.85¢ 32.67¢ 42.93a 4150.53¢ 33.85b
NT M 390.01b 31.63d 39.72d 4213.36¢ 34.18b
DS 349.72e 30.12e 40.44c¢ 3584.22¢ 32.95¢
FS 403.05b 34.84a 42.62a 4807.63b 35.63a
DP M 412.25a 33.94b 38.88d 5025.58a 35.22a
DS 375.92¢ 32.78¢ 41.66b 4230.53d 36.03a
2016-2017
FS 378.93¢ 33.40bc 41.74b 4255.24d 35.96b
NT M 404.88b 32.10d 37.61e 4441.05¢ 35.36b
DS 358.89d 31.62e 40.21¢ 3784.27e 33.70¢
—1.00 —1.00
$S-JS ‘ ‘ . @) . 73?2 ssis @ @ o @ - © 7223
. —0.40 —0.40
—0.20 —0.20
5459 @ - @ @ - @ 000 IsAs @ @ & ‘ o @ 0.00
0.20 0.20
0.40 0.40
assms| © @ (B N M 060" Asms| ® - e @O . 060
0.80 0.80
1.00 1.00

X1 X2 X3 X4 X5 X6 X7
(a)2015—2016

Xl X2 X3 X4 X5 X6 X7
(b)2016—2017

L B S S BB AH N, 0.8 = R>-1 B 1>R=0.8 F/R BEMXXR, RMWA/NGHXMHRIE, X, K,
Xy VBN X NPT NS X, R X RO X TR S X o 7 i

Note : The bubble in the figure corresponds to the color of the legend, and —0.8 =R>~1 or 1>R=0.8 indicate a significant cor-

relation. The bubble size is directly proportional to the correlation. X, ;: Ear length; X, : Number of fertile spikelets; X;: Number of

infertile spikelets; X, : Number of spikes; X5: Number of grains per spike; X : Thousand-grain weight; X, Yield
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Fig.5 Correlation analysis between stage water consumption and yield component factors of dryland wheat
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Table 6 Effects of tillage and sowing methods on economic benefits of dryland wheat

HA Input
. PHERE  #flor=X S BHRA e
AEAIN 5 9 LBRE
J;ji Tillage Sowing Total *J?/ﬁm‘ﬁ fiﬁﬁ[‘ﬁ ﬁl&nﬂﬁlm Wil A 4R Hfh  Total I\Ic(t“ )‘fiﬁ-
method method revenue ! ?ge ow.mg awe.stlng Plastic Seeds Fertilizer Other ~ input P
machinery machinery machinery

FS 11034.31b 750 825 0 0 4718 6316.31a

DP ™M 11372.40a 1350 675 450 2175 300 5918 5694.40c

DS 9480.58¢ 1350 525 0 0 5018 4462.58d

2015—2016 750 428

FS 9961.27d 0 825 0 0 3668 6293.27h

NT ™M 10534.46¢ 600 675 450 1875 300 4868 5666.46¢

DS 8362.13f 600 525 0 0 3963 4394.13e

FS 11538.31b 750 825 0 0 4718 6820.31a

DP FM 12061.38a 1350 675 450 2175 300 5918 6143.38¢

DS 10153.27d 1350 525 0 0 5018 5135.27e

2016—2017 750 428

FS 10212.58d 0 825 0 0 3663 6544.58h

NT FM 10658.52¢ 600 675 450 1875 300 4868 5790.52d

FS 9082.25¢ 600 525 0 0 3968 5114.25¢

1 AFE MU L5 VR BIML AR S BEAHLA, e R BIALARASE AA 750 JC « h ™2 BEBHHLARAE A R 600 JC « hm ™2, FL AR S A R B B L it HLAE

300 7T « hm ™, HASA K TFAE S b IR T 12 3%

Note: The tillage machine includes deep turning machine and rotary tillage machine, in which the input of deep turning machine was 750 Yuan -

hm™2

base organic fertilizer. Other costs were for recycling mulch after flowering.

2

, the input of rotary tillage machine was 600 Yuan + hm™2. The input of chemical fertilizer was 300 Yuan - hm™2 in deep ploughing application of
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