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Effects of Tillage Managements in Wheat-maize Crop System on
Soil Physical Properties in Summer Maize Season
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Abstract: During wheat-maize whole season with ten different tillage treatments the effects of tillage manage—
ments on soil physical properties in summer maize season were studied. Compared with silking and mid-filling stage
the soil water content was more largely affected by tillage treatments and the highest water content in the layer be—
tween 0 —20 cm was found in A,B,R( No-tillage at either wheat season or at maize season + straw returning) and
the highest water content in both 20 —40 and 40 — 60cm were in A, B, R( Rotary tillage at wheat season + direct
seeding maize + straw returning) . The average soil temperatures of 0 —60 cm at both silking and maturity stage were
highest in A;B,R ( Subsoiling tillage at wheat season + direct seeding maize + straw returning) and A,B,R( Rotary
tillage at both wheat season and maize season + straw returning) and were 0.4 —0.6 °C higher than that of control
( Rotary tillage at wheat season + direct seeding maize + no straw returning ) . The bulk density in the 0 —20 c¢m
layer was decreased in treatments A;B,R A,B,R and A,B,R( Deep tillage at wheat season + direct seeding maize
+ straw returning) A;B,R A,B,R A;B;R and A,B,R obviously decreased the deep layer( 40 —60 cm ) soil bulk
density especially A;B,R and A,B,R. Therefore no-tillage at either wheat season or at maize season could decrease
the bulk density in the surface layer and increase the water content. However the deep tillage or subsoiling tillage
mainly decreases the deeper soil bulk density especially deep tillage or subsoiling tillage at both wheat and maize

season.
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. 550 ~950 mm NN
7.8
1
. 1.1
. 2010 10
. NN ( N36°13°E150°257)
SRR 13.8 g/kg
104. 7 mg/kg 25.6 mg/kg
135 mg/kgo 474 mm
67 ’ 596.4 h.
1.2
. 0 (1) 3
9 -10 330
m’ 1 hm?
11-12 6 958
( 70 cm) 8.25 /hm’ .
B, 1 500 kg/hm’. (N:P,0,: K,0 =
15:24:6) 750 kg/hm’ o
oo 600 kg/hm?( N: P,0,: K,0 =22:8: 12)
1

Tab.1 The treatments in this experiment

Codes The treatments details
CK
A, B,R
A,B,R
A;B,R
A,B,R
A BN
A B,R
A,B;R
A,B;R
A,B,R

+

+ o+ + o+ o+ o+ o+ o+ o+
+ o+ + + + o+ 4+ 4+ o+

tAB ; 1~4. (15 cm) N (35 em) (25 cm) ; R. PN
Note: A B. Indicates wheat maize season respectively; The lower 1 —4. Rotary no-tillage subsoiling tillage and deep tillage respectively; R. Straw re—

turning; N. Without straw returning.
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1.3 0 ~20 cm
2012 o
5 ( 25 d) . 0~20cm 20 ~40 cm 2
60 cm 40 ~60 cm
20 cm. 5 10 15 A,B,R A;B,R
20 25 cm 8 . 14 1.42%( P <0.05) .
o 0 0~20
20 ~40 40 ~60 cm
2 60 cm 10 cm A;B,R A,B,R “A,B,R A,B,R
8 m 2 m 2 0~20 c¢cm
20 GAC2100 40 ~60 cm
1.4 2.86% 2.07% 20 ~40 cm
SPSS ( 1.86% ) 0~20 cm
( Duncan ) o 40 ~60 cm
A,B,R A, B,R 0~20 cm
2 A, B,R. A,B;R.
2.1 AB,R A,B,R;40 ~60 cm
A,B;R.
2
2
Tab.2 The effects of tillage treatments on the soil water content at different development stages %
Development ™ Tillage treatments
stage ol depih CK A,B,R A,B,R A;B,R A,B,R A BN A/B,R A,B;R A;B,R A,B,R
0~20 17.29a 16.95a 16.53a 16.81a 16.73a 17.49a 17.27a 16.89a 16.93a  17.36a
Silking 20 ~40 17.07a 16.44a 16.76a 16.78a 16.91a 16.72a 16.50a 17.15a 17.81a  16.79a
40 ~60 17.49abc  17.78abc 17.75abc  16.88¢ 18.20ab  17.15bc  17.78abc 17.35abc  17.33abc 18.30a
0~20 15.25a 15.35a 14.88ab  14.79abc  15.00ab  14.57abc 14.57abc 14.88ab  13.98hc 13.83¢
Midfilling 20 ~40 15.12ab  15.44ab  14.84ab  15.20ab  15.91a 15.06ab  14.96ab  15.28ab  14.90ab 14.38b
40 ~60 15.25ab  15.52ab  15.59ab  14.92ab  16.11a 15.27ab  15.86ab  14.65b  15.43ab 15.62ab
0~20 14.51ab  14.17b  15.28a 13.07¢ 13.11¢ 14.08b  12.43¢c 12.85¢ 12.79¢  12.42¢
Maturity 20 ~40 15.31ab  15.55a 15.02ab  14.87ab  14.32bc  15.23ab  15.19ab  15.22ab  14.38abc 13.69¢c
40 ~60 14.89bc  16.10a 14.42bc  14.94abc  14.71bc¢  14.77bc  15.31ab  13.93¢ 15. 15abc 14. 64be
( ) P <0.05 3~6
Note: The same horizontal column with the same letter are not different significantly at the 5% level. The same as Tab.3 - 6.
2.2 25 cm ( £1.93 C)
2.2.1 8 15 em (£0.9 C).
5em  ABN A,BR ;
o ISem  A;B,R.A,B,R.A,B,R ; 20 em
A, B,R.A,B;R ;25 em A/B,R.A,B,R
3) . .
5 em 25 c¢m
10 cm (£2.3%C) 5 cm +1.67 C.
(£1.64 C) 520 cm 15 ecm ( £0.98 C),
1.5 C. 5 em AB,R
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A,B,R.A,B,R
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Tab.3 The effect of tillage treatments on the soil temperature(8 A. M. ) at different development stage C
Development /em Tillage treatments

stage Soil depth (K A, B,R A,B,R A;B,R A,B,R A, B,N A,B,R A,B;R A;B;R A,B,R
5 21.20a 21.40a 20.47a 21.73a 21.93a 20.90a 21.00a 20.73a 20.80a 21.00a
Silking 10 20.10be  20.97a 20.83abc  21.40a 21.43a 20.83abec  21.67a 21.40a 20.90ab  20.03c
15 20.90b 21.77a 20.83b 21.67a 21.70a 21.67a 21.27ab  21.47ab  21.17ab  21.33ab
20 21.15abe  21.13abc  21.23abc  21.70ab  20.63c 21.87ab  21.73ab  22.10a 21.43abe  20.83bc
25 21.70ab  21.43ab  21.40ab  21.57ab  21.77ab  21.70ab  22.17a 21.57ab  22.00ab  21.20b
21.01 21.34 20.95 21.61 21.49 21.39 21.57 21.45 21.26 20. 88
5 20.13a 19.57ab  20.00a 19.90a 19.50ab  18.93b 19.90a 19.67ab  19.53ab  18.93b
Midfilling 10 19.20ab  19.53ab  19.07ab  19.50ab  19.77a 19.50ab  19.60ab  19.40ab  18.70b 19.53ab
15 20.00a 19.77abc  19.90ab  19.40bed  19.10d 19.70abe  19.63abed 19.63abed 19.70abec  19.27cd
20 19.23cd  19.80bed  19.23¢d  19.60cd  19.07d 19.87bc  20.40ab  20.73a 19.23¢d  19.50cd
25 19.80ab  18.50¢ 20.43a 20.20a 18.63¢ 19.73ab  20.33a 19.60ab  19.10bc  19.10bc
19.67 19.43 19.73 19.72 19.21 19.55 19.97 19.81 19.25 19.27
5 15.40bc  15.87abc  16.27ab  16.67a 15.65bc¢  15.00c 15.53b¢  15.43bc  16.20ab 15.70be
Maturity 10 15.37abed 15.27bed  14.67d 15.90abc  16.05ab  15.60abed 15.47abed 15.03cd  16.25a 15.25bed
15 15.57bed  16.13ab  16.00abcd 16.45a 16.15a 16.00abed 16.37a 15.47d 15.50cd  16.05abc
20 16.47abc  15.57cde 15.43de  15.93bede 16.35abed 16.60ab  16.40abe  15.33e 15.90bede  16.95a
25 16.07b 15.93b 16.33b 16.93a 14.60d 16.20b 17.33a 16.30b 16.20b 15.25¢
15.78 15.75 15.74 16.38 15.76 15.88 16.22 15.51 16.01 15.84
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Tab.4 The effect of tillage treatments on the soil temperature( 14 P. M. ) at different development stage C
Development /em Tillage treatments
stage  Soil depth (K AB,LR  AB,R  AB,R  AB,R  ABN ABR ABR  ABR  ABR
5 25.00bed  25.55abed  24.70cd  26.17ab  25.53abed 25.07bed  24.63cd  24.30d  25.70abe 26.53a
Silking 10 23.40ab  23.35ab 23.97ab  24.73a  23.40ab  23.83ab  23.13b 23.80ab  24.30ab 23.80ab

15 22.67¢  23.10abc  23.10abc 23.60a  22.70c 23.27abe  22.80bc  23.00abc 23.40ab 23.43ab
20 21.77be  22.05be¢  21.67be  24.05a  20.95¢ 22.50b 22.03be  22.77b  22.50b 22.37b
25 21.90a  21.50a 22.40a  22.37a  22.17a 21.53a 21.93a 22.40a  22.17a 22.00a
22.95 23.11 23.17 24.18 22.95 23.24 22.90 23.25 23.61 23.63
5 24.93a  24.03ab  24.40ab  24.17ab 23.17b 24.07ab  24.60ab  23.83ab 25.03a 23.40b
Midfilling 10 23.17a  22.10ab  22.63a  21.00b 21.73ab  23.07a 22.30ab  22.30ab 22.00ab 22.33ab
15 21.83bed 21.40cde  22.03bc  21.20de 20.93e 22.50b 21.40cde  21.37cde 23.80a 20.77e
20 20.37bc  20.40bc  20.33bec  20.50bc 20.20c 20.83abc  21.73a 20.43bc  21.47ab 20. 13¢
25 20.23ab  19.23b 20.83a  20.30ab 19.73ab  20.20ab  20.20ab  19.97ab  19.60b 19.27b
22.11 21.43 22.04 21.43 21.15 22.13 22.05 21.58 22.38 21.18
5 20.83a  21.13a 21.57a  20.37a  20.03a 21.47a 20.43a 21.13a  21.40a 20.35a
Maturity 10 19.30a  19.07a 18.73a 19.67a 18.83a 19.43a 18. 60a 19.03a  20.10a 19.10a
15 18.23a  18.40a 18.10a 18.80a 17.87a 18.47a 18.20a 18.00a  17.80a 18.30a
20 18.00a  17.17a 16.60a 17.57a  16.97a 17.80a 17.95a 17.00a  17.35a 18.15a
25 16.57abec  16.70abc  17.27abc  16.93abc 15.93c 17.45ab  17.90a 16.90abc 17.15abc  16.10bc

18.59 18.49 18.45 18.67 17.93 18.92 18.62 18.41 18.76 18.40
2.2.2 14 5 cm
5cem 20 em
; £2.23C 3.1 <C 10 cm
8 ( 4). 1.6 Co,

Sem 20 em A,B,R A;B,R
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+1.5 C. 10 cm ( A,B,N A,B,R)
em  15em  A,B,R A,B,R (50 ~60 cm) o
10 em  A;B,R 15 em 0~10em 10 ~20 em A,B,R
A;B;R 20em A BR A,B,N ° 0~20 cm
° A,B,R A,B,R \A,B,R AB,R
A,B,R A,B,R o 25 c¢m
+2 C 6.9% 7.69% 6.69% A,B,R
A,B,R . 20~30 30 ~40 cm
0 A,B,R A;B,R.A;B;R .A,B,R
(0 ~15 cm) 0 ;. AB,N. A/ B R A,B,R
A,B,R (15 ~25 cm) 10. 32%
A,B,R (0 ~15 cm) o 9.68% 10.32% . 40 ~50 50 ~60 cm
A,B,R.A,B,R ° CK A;B,R
2.3 40 ~50 50 ~60 cm
19.61% 16.56%
CK A, B, R\ A, B, R.
( 5 A,B,R; A,B,R ; o
5
Tab.5 The effect of tillage treatments on the soil bulk density at maturity stage g/em’
/em Tillage treatments
Soil depth CK AB,R  AB,R  ABR ABR ABN ABR ABR  ABR A,B,R
0~10 1.33be 1.17de 1.09e 1.24cd 1.21d 1.43ab 1.27¢d 1.39ab 1.24cd 1.47a
10 ~20 1.53bed  1.49d 1.54abed 1.58abe  1.45d 1.33e 1. 60ab 1.50cd 1.52bed 1.62a
Mean 1.43 1.33 1.32 1.41 1.33 1.38 1.44 1.45 1.38 1.55
20 ~30 1.47b 1.47b 1.47b 1.59a 1.60a 1.37¢ 1.37¢ 1.36¢ 1.64a 1.57a
30 ~40 1.63ab 1.41ef 1.36f 1.58be 1.45de  1.40ef 1.43ef 1.42¢f 1.52¢d 1.68a
Mean 1.55 1.44 1.42 1.59 1.53 1.39 1.40 1.39 1.58 1.63
40 ~50 1.53a 1.34b 1.38b 1.34b 1.52a 1.38b 1.35b 1.38b 1.23¢ 1.32b
50 ~60 1.57a 1.37cde  1.49b 1.49b 1.41c 1.38cd 1.33de 1.41c 1.31e 1.32e
Mean 1.55 1.36 1.44 1.42 1.47 1.38 1.34 1.40 1.27 1.32
6
Tab.6 The effect of tillage treatments on the soil porosity at maturity stage %
/em Tillage treatments
Soil depth CK A, B,R A,B,R A,B,R A,B,R A, BN A, B,R A,B;R A,B;R A,B,R
0~10 49.64cd  55.89ab  58.80a  53.05bc¢  54.19b  46.20de  52.03bc  47.42de  53.20bc 44.65¢
10 ~20 40.43bed  41.93b 39.77bede 38.19cde  43.28b  47.98a 37.60de  41.41bc  40.50bed 36.55¢
Mean 45.04 48.91 49.29 45.62 48.74 47.09 44.82 44.42 46.85 40.60
20 ~30 44.43b  44.70b 44.65b  40.11c 39.6lc  48.17a  48.1la  48.52a 38.10¢ 40.75¢
30 ~40 38.34ef  46.82ab  48.64a  40.34de  45.10bc 47.06ab  45.87ab  46.58ab  42.53cd 36.79f
Mean 41.39 45.76 46.65 40.23 42.36 47.62 46.99 47.55 40.32 38.77
40 ~50 42.08¢ 49.57b 47.74b  49.54b 42.47¢  48.04b  49.02b  47.93b  53.44a 50.22b
50 ~60 40.81e 48.40abc  43.89d  43.79d 46.94c  48.07bc  49.69ab  46.92c¢ 50.50a 50.27a
Mean 41.45 48.99 45.82 46.67 44.71 48.06 49.36 47.43 51.97 50.25
o ( + +
3
) A, B, R( +
+ ) A,B,R( +
+ )
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