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Effects of Tillage Patterns on the Physicochemical Properties of Lime
Concretion Black Soil and the Yield of Winter Wheat
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Abstract: To investigate the impact of different tillage patterns on the soil quality and wheat yield in
lime concretion black soil, four tillage treatments were set up: twice rotary tillage(T1), plowing +
twice rotary tillage(T2), plowing+ twice rotary tillage + rolling(T3), and plowing + one pass with
a driven cultivator + rolling(T4). The effects of these treatments on soil physical properties, nutrient
conversion enzyme activity, organic matter, available nutrient content, and wheat yield were ana-
lyzed. Results showed that compared to T1, T3 and T4 significantly increased the bulk density of 0—
10 cm soil during the overwintering period and reduced the bulk density of 10—30 cm soil. T4 signifi-
cantly increased soil moisture and water storage in the 20—30 cm layer during the overwintering period

and the 0—10 cm layer during the maturity period. T4 also significantly enhanced the activity of cello-
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biose hydrolase in the 20 —40 cm soil layer and 3-1,4-N-acetylglucosaminidase in the 0 —40 cm soil
layer, increased inorganic nitrogen content in the 20 —40 cm soil layer, and elevated available phos-
phorus content in the 0—20 cm soil layer. T4 significantly increased the number of secondary roots
per plant during the jointing stage, dry matter accumulation at the flowering and maturity stages,
spike number, and grain yield, with a yield increase of 11. 62% and an economic benefit gain of 2,
071.26 yuan « hm %,

+ rolling is effective in improving the physicochemical properties and enzyme activity of lime concre-

In summary, the tillage pattern of plowing + one pass with a driven cultivator

tion black soil, enhancing wheat yield, and can serve as a suitable tillage mode for high-efficiency

wheat production in the region.
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Table 1 Effects of different tillage patterns on soil bulk density g cm?
HURE i 3 b3 +J2 Soil layer/cm
Sampling time Treatment 0~10 10~20 20~30
A T1 0.9340. 06¢ 1.4140. 08a 1.53+0. 04a
Over-wintering
T2 0.96+0.03bc 1.2340.07b 1.46+0. 06ab
T3 1.06=40. 04ab 1.2240.11b 1.3140. 13hc
T4 1.0940. 08a 1.2740.06b 1.2540. 13¢
A T1 1.17+0.02b 1.65+0.03a 1.65+0.03a
Maturity
T2 1.4940.03a 1.5640. 04ab 1.5940. 03ab
T3 1.5540.03a 1.6140. 04ab 1. 6040. 04ab
T4 1.50£0.01a 1.54+0.05b 1.54=+0.02b

[ 81 K548 J AN T = 4 3 7S TR] — I 400 A ] Acb R ] 22 e 3k B8 25K (P <20, 05) . TR,

Different letters following the values within the same columns indicate significant differences among treatments

stages(P<C0. 05). The same in tables 2—4.
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9. 886 s PINI I AY - HE T K IR B DL T4 Ab PR =
ARG 25 S 2L B T S 14, 47% . 1R 10~20
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Table 2 Effects of different tillage patterns on soil moisture %
BURE R 31 Jib 31 +J2 Soil layer/cm
Sampling time Treatment 0~10 10~20 20~30
i 4 T1 17.00+0. 58a 20.9440. 71ab 19.29+1. 14b
Over-wintering
T2 15.33+£0.65b 19.3340. 31c 21.2041. 45ab
T3 16.62+0. 85ab 19.78+0. 79bc 21.97=+1.52ab
T4 17.51+£0. 56a 21.73£0.95a 23.86=+1.49a
A Tl 9.9240. 23b 9.7720. 04ab 9.2021.19ab
Maturity
T2 9.81+0. 74b 8.85+1.03b 7.06+1.23b
T3 10.37+0. 19ab 8.3440.02b 7.9340. 35ab
T4 11.35+0. 41a 10.65+0. 56a 10.19+0. 40a
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Table 3 Effects of different tillage patterns on soil water storage mm
IR I Ab ¥ + )2 Soil layer/cm
Sampling time Treatment 0~10 10~20 20~30 0~30
A T1 19. 654 1. 09a 73.3241.08a 109. 7746. 46b 202.74+6.96b
Over-wintering T2 16.91£0.54b 63.6443.38b 115.43+£3.05ab 195.98=£5.03b
T3 19.71+1.68a 62.77+3.60b 114.9244. 42ab 197.4040.52b
T4 20. 67+ 1. 40a 71.77+2. 36a 120. 6942. 04a 213.13+2.70a
iR T1 11.86+1.48b 35.7740. 54ab 53.03=+2. 04ab 100.6641. 11b
Maturity T2 15.63+2. 55ab 33.044+0.83b 40.734+1.19c¢ 89.40+2.91c
T3 17.00+2. 15ab 35.254+2.03ab 48.9441.51b 101.2041.63b
T4 17.53+0.53a 36.40740. 56a 54.2342.01a 108. 2242, 04a
aT1 BT12 8713 - BT4
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Different letters indicate significant differences among different treatments(P<Z0. 05). The same in figures 3—5.
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Fig. 2 Effects of different tillage patterns on soil nutrient transformation enzymes
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Fig.3 Effects of different tillage patterns on organic

matter and available nutrient levels
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Fig.4 Effects of different tillage patterns on the

number of secondary roots per plant of wheat
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Fig.5 Effects of different tillage patterns on

dry matter accumulation in wheat
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5.5 T1 AbBEARHE, T2 4b B Bk1E
A AN 600 JC « hm 2, &5 7= b 270. 14
JG « hm ™", &AL %5 98 /> 870. 14 J€ » hm™*; T3
A BRBEVESE A AN 750 J6 « hm 2, &35 7= H 0
90.04 JC » hm *, £ TF % 4 98 2> 659. 96 JC -
hm ;T4 Zb BUBF/E 8 AN 450 JC « hm *. &
Germ B 2 521, 26 JT ¢ hm ?, £ AL 4% 1S
2 071.26 76 « hm™*, BEKE, T4 &b BT /)
A 7 ] AR R A A AR .

x4 TEBERKXITMZFEHRM
Table 4 Effects of different tillage patterns on wheat yield

JGEL) AL TERLEL T E AP i
Treatment Spikes/(X10* « hm™?) Grains perspike 1 000-grain weight/g Grain yield/(kg « hm?)
T1 655.63+31.25b 39.1940. 97ab 54.9341.63a 9 042.024448. 14b
T2 629.10+26. 26b 38.41+1.83b 51.584+3. 16ab 8 929.46+193. 75b
T3 640.47+33.61b 40.5941. 36ab 48.2342.06b 9 079.544+193.75b
T4 731.43+25.89a 41.3541.78a 48.1441.50b 10 092. 544394, 69a

£S5 FRAMEBEITEFUHEMLE

Table 5 Comparison of economic benefits under different tillage patterns

Economic output/(yuan » hm™?2)

255 502 B B
Increased value of economic benefits/
(yuan » hm ™ ?)

EZRY D]

b HHERA
Treatment Tillage input/(yuan « hm~?2)

T1 750

T2 1 350

T3 1 500

T4 1 200

21 700. 85 —

21 430.71 —870. 14
21 790. 89 —659. 96
24 222.11 2 071. 26

3 it
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