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physicochemical properties of soil and crop yield
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Abstract: The effects of various tillage practices (including deep tillage and rotary tillage in wheat field, no tillage
in maize field) and different nitrogen fertilization (including the rate and method of nitrogen application) on annual varia-
tion of soil physical characteristics and crop yield were investigated, by field experiments including fluvo — aquic soil and
lime concretion black soil under the condition of winter wheat — summer maize rotation cropping system at the same time.
Aikang 58 (wheat) and Zhengdan 958 (maize) were used as the test materials. The results showed that deep tillage de-
creased the soil bulk density whereas increased the soil porosity and field moisture in 20 ~ 40 cm soil layer significantly,
and the annual crop yield were increased by 4.30% and 2.63% in both experiments of deep tillage compare to the rotary
tillage. Soil total nitrogen and alkali — hydrolyzable nitrogen were with the increase in nitrogen application rate. Soil total
nitrogen and alkali — hydrolyzable N increased with the increase in base fertilizer application, and they increased with the

increase in nitrogen topdressing rate. Considering the economic benefit, we suggest that deep tillage in winter wheat field
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and no tillage in summer maize field is the most appropriate tillage methods in both experiments. Nitrogen application rate

of 300 kg/hm~2 and the ratio of base to jointing topdressing as 1:1 in winter wheat and Nitrogen application rate of 240

kg*hm 2 and the ratio of base to jointing topdressing to bell stage as 2:1:1 in summer maize was the optimal nitrogen ap-

plication model in fluvo — aquic soil. And nitrogen application rate of 240 kg*hm ™2 as the base fertilizer in winter wheat

and nitrogen application rate of 180 kg*hm ™2 and the ratio of base to jointing topdressing as 3: 1 in summer maize was the

optimal nitrogen fertilization model in lime concretion black soil.

Keywords: soil tillage patterns; nitrogen fertilizer application regimes; physical & chemical properties; crop yield
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Table 1 ~ Main soil physical properties and soil fertility in the two experimental sites
R R Apg PHUKE PR R B e
R S Soil layer  Soil bulk Soil e ° "trtg"““ .t° a ol d;bl Available Available
Soil type depth density porosity mmsll?re atter THrosen yrolyzab e P content K content
Jem e cm’3) /% capacity content content N content J(me-ke- 1) /(mg-ke- 1)
. 8 / % /(g'kg'l) /(g'kg_]) /(mg'kg'l) 8"k 87X8
W+ 0~20 1.29 52.9 27.4 9.08 1.05 108.2 23.1 209
Fluvo-aquicsoil 20 ~ 40 1.57 42.2 22.3 3.78 0.68 63.9 9.17 173
Rt 0~20 1.38 49.4 23.4 8.01 0.99 90.9 22.3 198
Lime concretion
black soil 20 ~ 40 1.58 4.4 20.8 5.79 0.67 59.7 8.93 164

R2 FAETEEBHLEFTK

Table 2 The different treatments of two soil types

L Fluvo-aquic soil

b+ Lime concretion black soil

AbFH Treatments
/NFEZE Winter wheat

FEKZE Summer maize

INFZEZE Winter wheat EKkZE Summer maize

BHERE S Al RBE Deep tillage Gk No-tillage BWAHE Deep tillage BB No-tillage
Tillage method A2 HEHE Rotary tillage ek No-tillage JEHF Rotary tillage Gk No-tillage
Bl 300 240 300 240
=1 . -2
HERRL/ (kg-hm™) B2 240 180 240 180
Nitrogen level
B3 180 120 180 120
LV ENG S SR “ 7 > 10 3
Method of nitrogen C2 3:2 2:3 4:1 2:3
(base fertilizer: top application) A 1:1 2:1:1 4:1 2:1:1

RIS T 2013 4F AT, B/ N 22 AP OR BR BT 58,
FIFERS R K, FOKFEFFIA S Y A 8RN,
X T 2013 4 10 H 18 HEFP, 3E D jE b3
M4 X F 2013 410 H 12 HERh, #EFER 180 kg
hm ™2, BB & (P,05) by 150 kg« hm ™2, £ I 2
(K,0) A 150 kg« hm ™2, F AL 55 @ 490 JIEL 12 7 & iy it
A SIEEAEAR R i A T TR A SRR AP LI A . /D
FWOR G EARGHE ERE, /D ERFIE BG5S 8T
5 P AR R O KB 958, B B - X T
2014 4 6 H 9 HAEFP, 5 ) ERbE£ B + X T 2014 4F
6 5 FAERN, Bl 25 B Ry 4 T 0k - hm 2, B5E FH &2
(P,0s) A 120 kg« hm~2, £ It A & (K,0) & 120
kg hm ™2, BB AT BE 2 1 PP L — At A, JEAE 536 1
FFH A EREF AU A . P /N 2 S5 4Ty
K, K ZE R RR A T AR T K
1.3 MEBMBRFE

G3 T /NAE R ) 4y BEM BCA I T I R A
191 BCEAIT A B T K 2 AR S RN B R AR 1
R, S5 900 T B DA I S BRI, A T
“STRIRAEFFAN/NX 0 ~ 20 em Fl 20 ~ 40 em T JZHE

i, W2 i 28 1
1.3.1 E3EHhEMR HINENE HIERE = F
TIN5 x 100/[ 35 J] 5 x (100 + FE & & K
) | EIEEAALBEE (%) =100 x (1 - AFHE/HLEH);
458 FH (] RR K R Y JUR B v v (R 735 ) 5 o
1.3.2 X3EREFLSE  SECRAYIKE ZLN
S 3 A SRR A 3 5 0 5 o
1.3.3 KB NE L FORBGRE RSN X
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Table 3 Effects of different treatments on soil physical properties of two soil types

1 Fluvo-aquic soil b+ Lime concretion black soil
0~20 cm 20 ~ 40 cm 0~20 cm 20 ~ 40 cm
s A FH i) ¢ HE IESS A FH fia) 4+ Faa FH [ 4+
Treaments sl TLPME sol  TLREE g sl TLRE g sl TLRE g
buk S0 Field a0 Field btk 0 Field bk ol Field
density p ()/r(();lly moisture density p 0/1(2751[)/ moisture density P o/r(();lly moisture density p o/r(:;lly moisture
/(g em™3) Y capacity/ % /(g em™3) 7 capacity/% /( g em™?) 7 capacity/ % /( g em™?) " capacity/ %

AlBIC1 1.24a 52.9a 27.9a 1.53a 43 .5a 23.0a 1.32a 50.4a 23.6a 1.53a 43.6 a 22.1a
AlB1C2 1.21a 54.1a 28.1a 1.48a 45.3a 23.1a 1.30a 51.2a 22.9a 1.53a 44 3a 21.3a
A1B1C3 1.23a 53.4a 28.1a 1.51a 44 2a 23.1a 1.30a 51.1a 23 .4a 1.50a 43.4a 20.9a
A1B2Cl1 1.21a 54.1a 28.7a 1.53a 43.6a 22.9a 1.30a 51.1a 22.6b 1.51a 44 2a 21.7a

AlB2C2 1.21a 54.1a 28.3a 1.52a 43.6a 23.3a 1.31a 50.7a 22.8b 1.53a 43.6a 21.2a
A1B2C3 1.21a 54.0a 28.3a 1.51a 4. 1a 23.5a 1.31a 50.8a 23.6a 1.52a 43.7a 21.8a
AlIB3C1 1.23a 53.5a 28.7a 1.56a 42.6a 23.1a 1.33a 50.0b 22.9a 1.51a 44 .0a 21.6a
AIB3C2 1.21a 53.9a 28.2a 1.51a 4. 1a 23.0b 1.30a 51.0ab 23.5a 1.54a 43.3a 20.5a
A1B3C3 1.21a 54.1a 28.6a 1.52a 44 .0a 23.8a 1.28a 51.7a 23.4a 1.54a 43.3a 20.8a

x 1.22a 53.8a 28.3a 1.52b 43.9a 23.2a 1.31a 50.9a 23.2a 1.52b 43.7a 21.3a
A2BI1C1 1.23a 53.5a 26.5a 1.55a 42.9a 21.7a 1.32a 50.5a 23.8a 1.54a 43.3a 20.0a
A2B1C2 1.21a 54.1a 26.4a 1.57a 42.1a 21.7a 1.30a 51.0a 23.7a 1.55a 43.0a 20.1a
A2B1C3 1.23a 53.4a 26.5a 1.56a 42.6a 21.4a 1.30a 51.0a 23.7a 1.56a 42.6a 20.2a
A2B2C1 1.25a 52.6a 26.4a 1.56a 42.6a 21.6a 1.29a 51.3a 23.9a 1.54a 43.0a 20.2a
A2B2C2 1.24a 53.1a 26.2a 1.56a 42.6a 21.8a 1.31a 50.8a 23.5a 1.55a 42.7a 19.7a
A2B2C3 1.22a 53.6a 25.9a 1.56a 42.6a 21.4a 1.33a 50.1a 23.5a 1.53a 43.4a 21.0a
A2B3C1 1.22a 53.6a 26.3a 1.56a 42.7a 21.6a 1.29a 51.3a 23.3a 1.55a 42.9a 20.3ab
A2B3C2 1.20a 54.5a 25.7a 1.56a 42.5a 21.8a 1.31a 50.7a 23.0a 1.58a 41.93a 19.2b
A2B3C3 1.22a 53.7a 25.6a 1.56a 42 .4a 21.6a 1.32a 50.4a 23.6a 1.56a 42.6a 20.6a

x 1.22a 53.6a 26.2b 1.56a 42.5b 21.6b 1.31a 50.8a 23.6a 1.55a 42.8b 20.1b
F A F - value

A 2.79 2.79 206.3" " 81.34" 81.3"  1892.1"" 0.07 0.07 16.93 101.2"* 101.2"*  29.8"

B 0.65 0.65 0.23 0.61 0.61 0.54 0.03 0.03 1.39 1.13 1.13 2.25
AxB 2.32 2.32 2.82 0.72 0.72 0.27 0.05 0.05 1.96 0.07 0.07 0.51
C 2.55 2.55 0.65 0.57 0.57 0.70 0.12 0.12 2.65 1.34 1.34 2.97
AxC 0.04 0.04 0.17 1.96 1.96 2.63 2.65 2.65 2.02 0.76 0.76 1.98
BxC 0.50 0.50 0.39 0.16 0.16 0.74 1.46 1.46 0.91 1.16 1.16 1.12
AxBxC 0.65 0.65 0.09 0.61 0.61 0.42 1.15 1.15 2.75 0.44 0.44 0.21

T : 25 HAE [ E 7 2R RIE AU A5 =AM 07 2R A T LOE, B R [ 5 R AN TR A 30 8 22 5335 5% &Ko« AT
INEFREFOR R E I T AL AL B E Z M 22 5 B35 (P < 0.05) 0 * |\ x JPHIFIR 225355 0.05.0.01 WE K, FlAo

Note: Multiple comparisons were performed between N application methods in the same N application rate and the same tillage practice, and values followed by
different letters mean significant among different treatments at the 5% level. The two line x data, lowercase letters mean significant difference (P <0.05) between

the average of all the different treatments in one tillage practice. * and * * significant difference at P <0.05 and P <0.01, respectively, and the same below.
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Table 4  Effects of different treatments on total nitrogen content and alkali-hydrolyzable N content of two soil types

1 Fluvo-aquic soil b+ Lime concretion black soil

0~20 cm 20 ~ 40 cm 0~20 cm 20 ~ 40 cm
yisLil - - - — - X - -
P Y WA o WA P WA P WA
Total nitrogen Alkali-hydrolyzable Total nitrogen Alkali-hydrolyzable Total nitrogen Alkali-hydrolyzable Total nitrogen Alkali-hydrolyzable
content ncontent content ncontent content ncontent content ncontent
/gkg™)  /(mgkg™") Agkg™)  /(mgkeg™) /(gkg™")  /(mgkg™") /gkg™")  /(mgkg™")
AlBIC1 1.10ef 99.63de 0.%4a 69.83abed 1.05¢g 108 .63cde 0.97b 81.80ab
AIBIC2 1.06hi 104.67h 0.91h 73.60a 1.09 112.37abe 0.99 81.87ab
A1BIC3 1.16e 104. 13bc 0.87c 72.83ab 1.06f 107.73def 0.98ab 83.80a
AIB2C1 1.06i 95.43f 0.84ef 64.53fgh 1.00i 100.83gh 0.91c 75.93abcd
A1B2C2 1.08¢ 101.53¢cd 0.83f 69.80abed 1.07f 103.30f¢h 0.91¢ 77.57abe
Al1B2C3 1.04j 96.47f 0.81g 69.67abed 0.991 98.90hi 0.89d 77.50abc
AIB3CL 1.04j 92.17gh 0.78i 63.77gh 0.95k 98.83hi 0.80h 68.83cdef
A1B3C2 0.97k 95.17fg 0.84de 66.07defg 0.97j 99.60hi 0.81g 66.73cdef
AIB3C3 1.09fg 88.90i 0.83ef 65.07efsh 0.97j 9540 0.76i 68.43cdef

x 1.07b 97.57h 0.85a 68.35a 1.02b 102.84h 0.89% 75.83a
A2B1C1 1.14d 110.10a 0.87 ¢ 66.83 cdefg 1.11d 113.23ab 0.85e 63.81ef
A2BI1C2 1.22a 110.00a 0.75j 71.37ab 1.15a 114.13a 0. 84ef 68.83cdef
A2B1C3 1.11e 100.93d 0.78i 70.87abc 1.12be 108 . 87bcde 0.83f 71.80 bede
A2B2CI 1.15¢ 100.20d 0.86cd 69.13 bhede 1.13h 110.90abed 0.82¢ 61.73¢f
A2B2C2 1.18b 96.07f 0.72k 68 . 80bcdef 1.11cd 109.67abede 0.81g 66.10def
A2B2C3 1.18b 100.20d 0.74j 66 . 17defg 1.07f 105.23efg 0.7% 66.63cdefl
A2B3C1 1.09fg 98.87d 0.7% 64.30gh 1.01h 108.73bcde 0.701 59.33f
A2B3C2 1.07h 96.70ef 0.78hi 65 .40defgh 1.07f 108 . 13cde 0.75j 59.60f
A2B3C3 1.05i 92.00h 0.78i 61.6h 1.01h 106. 60def 0.72k 61.80ef

x 1.13a 100.67a 0.79d 67.16a 1.09a 109.50a 0.79 64.40h

F{H F - value

A 1792.52" " 528.07" * 945.72" * 4.43 1591.37% " 85.54" 9758.06" " 19.67"

B 1916.66" 137.52" 915.90" * 24.70" " 919.40" * 50.17" " 3227.88" " 91.32" "
AxB 457.94" " 3.84 354.23" " 0.86 16.33" " 10.41" " 205.18" " 8.10"

C 8.559" " 19.46" * 27.15" " 7.05" % 202.67" " 18.43" " 43.27"" .12
AxC 310.69° * 22.56" 206.58" * 3.12 12.61°° 1.91 2.36 5.50"
BxC 87.81"" 5.89" " 136.28" * 1.39 20727 0.67 12.25" 2.56

AxBxC  180.08"" 10.36" * 18.58" * 1.75 38.90" 0.71 17.00" " 0.32

TF: 2 HATE 18 AL IAIHEAT , B 5 AN TR P B AR R AL HLIR] 22 5735 5% 2K 5 o0 "POR R/ ING SRR R AR 7 20T s
BT AR FEZ MR 225 R (P <0.05)0 * ,* * RIFIRZEREFH] 0.05.0.01 BEAKF,

Note: Multiple comparisons were performed between 18 treatments, and values followed by different letters mean significant among different treatments at the

5% level. In different column of the two lines x data, lowercase letters mean significant difference( P < 0.05) between the average of all the different treatments

in one tillage practice. * and * * stand for the difference reached a significant level at 0.05 and 0.01, respectively.
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jointing; W — F: wheat — flouring; W — M: wheat — mature; M — J: maize —

jointing; M — M: maize — mature. The same below.
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Fig.1 Effects of different treatments on total nitrogen

content of fluvo-aquic soil
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Table 5 Effects of different treatments on annual

crop yield of two soil types

i EEL
KEFH Treatment Fluvo-aquic soil Lime concretion black soil
Al A2 Al A2
Cl 15413b 15590a 20975a 17807a
Q@ 16375ab  15719a 18917ab  18709a
Bl 3 16855a 16177a 18172b 18695a
3 16022a 18879a
Average
cl 15476a 14608a 18827a 18072a
%) 16503a 14855a 18797a 19410a
B2 3 16036a 15336a 19747a 19197a
D128 3
- 15469h 190082
Average
cl 15509a 14770a 17344a 16266a
1} 14892a 14486a 16290a 17573a
B3 3 15392a 15032a 17132a 16219a
F 15013b 16804h
Average
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A 27.27" 25.78"
B 11.59" 27.427
AxB 1.53 0.7685
F 18 »
P vadue 3.80 0.0144
AxC 0.56 2.3137
BxC 1.69 0.6237
AxBxC 0.73 0.7171
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