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Effects of tillage methods on soil physical and chemical
properties and enzyme activities in wheat-soybean rotation
filed in dryland of western Henan Province
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Abstract: To explore the effects of tillage methods on soil physical and chemical properties and soil enzyme
activities in different soil layers of wheat-soybean rotation field in dryland of western Henan Province, three tillage

methods of no-tillage (NT), rotary tillage (RT) and plowing tillage (PT), were set up in Luoyang City, Henan
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Province. The soil bulk density, porosity, and the contents of organic matter, total nitrogen, available phosphorus
and available potassium as well as the activities of soil urease, protease, invertase and alkaline phosphatase were
analyzed after 9-year-located tillage management (2009-2019). Moreover, the relationship between soil physical
and chemical properties and soil enzyme activities was studied by correlation and path analysis. The results showed
that tillage methods had significant regulatory effects on soil physical and chemical properties and enzyme activities,
and their regulatory effects were related to the depth of tillage. Compared with PT, RT reduced the soil bulk density
in 0~15 em soil layer but increased the soil bulk density in 15~35 em soil layer. Compared with RT and PT, NT
significantly reduced the soil bulk density in 0~5, 15~35 cm and 35~60 cm soil layers. The change tendency of
soil porosity was opposite to that of soil bulk density. The effects of different treatments on contents of soil organic
matter, total nitrogen, available phosphorus and activities of soil urease, protease, invertase and alkaline phospha-
tase were consistent in 0~5 cm soil layer and 15~35 em soil layer. NT showed the best performance in the 0~5 em
soil layer, which was significantly increased by 16.7%, 53.2%, 15.9%, 23.6%, 18.0%, 34.7% and 29.0%, re-
spectively, compared with that in PT (the lowest treatment). PT had the best performance in the 15~35 cm soil
layer, which was significantly increased by 18.3%, 23.4%, 53.4%, 5.8%, 16.6%, 29.0% and 21.6%, respec-
tively, compared with that in NT (the lowest treatment). In the 5~15 cm soil layer, the regulative effects of treat-
ments on contents of soil organic matter, total nitrogen, available phosphorus and soil protease activity were consist-
ent and the best performance was observed in RT, which were significantly increased by 13.8%, 23.0%, 16.0%
and 10.7% , respectively, compared with that in NT (the lowest treatment) , however, the regulative effects on soil
available potassium content and the activities of soil urease, invertase and alkaline phosphatase were consistent and
the best performance was observed in RT, which were significantly increased by 6.8%, 14.8%, 14.8% and
12.8% , respectively, compared with that in PT (the lowest treatment ). The results of correlation and path analysis
showed that tillage method could directly or indirectly affected soil enzyme activity via regulating soil nutrient con-
tent. Among them, soil bulk density was significantly negatively correlated with soil enzyme activity, but soil porosi-
ty and the measured soil nutrient contents were significantly positively correlated with soil enzyme activity. Soil or-
ganic matter had a great direct positive effect on soil urease and invertase, and it was the main limiting factor of soil
protease and alkaline phosphatase. Soil total nitrogen was the main determinant of soil protease. Soil available phos-
phorus was the main limiting factor of soil urease and invertase. Soil available potassium was the main determinant
of soil urease and alkaline phosphatase. In all, NT, RT and PT optimized the bulk density, porosity and nutrient
content of 0~5, 5~15 ¢m and 15~35 em soil layers, respectively, and thus regulated the enzyme activities in the
corresponding soil layers. However, the effects of nutrient contents on soil enzymes were different for different inde-
xes. Different tillage methods should be selected according to local conditions for realizing the balance distribution of
physico-chemical properties and enzymes in wheat-soybean rotation fields in dry farming areas.
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Table 1 Experimental treatments and operation methods
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Code Treatment Specific operation methods
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NT Gt Simulated the no-tillage fertilization and seeding integrated machine, the fertilizer was manually strip applied and com-
No tillage pacted to the middle of the two rows of crops, and then the seeds according to the designed amount were sowed immedi-
ately. Before emergence, the crushed previous crop straw (about 5 cm) was evenly covered in the initial plot. No-till-
age was adopted in both wheat and soybean seasons.
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BRI BRITTERSAT (5 om ZEAi/NB) MBI B3 T UMK, /N2 AR R ATHERE
RT iERE After harvest of the previous crop, the straw was removed from the plot and collected. The rotary tillage (12~15 cm)

Rotary tillage

B

Pr Plowing tillage

was carried out immediately after evenly spread fertilizer by hand, and then the seeds was sowed. Before the emer-
gence, the crushed previous straw (about 5 cm) was evenly covered in the initial plot. Rotary tillage was used in both
wheat and soybean seasons.
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After harvest of the previous crop, the straw was removed from the plot and collected. The plowing tillage (30~35 c¢m)
was carried out immediately after evenly spread fertilizer by hand, and then the seeds was sowed. Before the emer-
gence, the crushed previos straw (about 5 cm) was evenly covered in the initial plot. Plowing tillage was used in both

wheat and soybean seasons.
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Table 2 Effects of different treatments on soil physical properties in wheat-soybean rotation field in dry farming area

ezt b3 FJZIREE Soil depth/cm
Index Treatment 0~5 5~15 15~35 35~60
AT (g - em) NT 1.290+0.002b 1.352+0.009a 1.380+0.008b 1.431+0.020b
. o RT 1.342+0.002a 1.359+0.006a 1.494+0.046a 1.475+0.032ab
Soil bulk density
PT 1.348+0.007a 1.366+0.011a 1.422+0.048ab 1.528+0.031a
LI % NT 51.32+0.08a 49.03+0.08a 47.92+0.30a 45.99+0.76a
Soil porosity RT 49.33+0.10b 48.72+0.21a 43.64+1.76b 44.33+2.11ab
PT 49.13+0.26b 48.25+0.27b 46.31+1.82ab 42.34+2.17b
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Note: The data format is mean * standard deviation. For the same item, different lowercase letters after data in the same column indicate the differ-

ence among treatments is significant at the P<0.05 level.
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Fig.2 Effect of different tillage methods on soil enzyme activityin wheat-soybean rotation field in dry farming area
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Table 3 Correlation coefficients between soil physical and chemical properties
and soil enzyme activities in wheat-soybean rotation field
— HE 57l LT 245 By A . o . CRERTH A
s FT gy OOV REC O EREE ORI g g PR
Soil bulk K i Organic Total Available  Available Alkaline
Index . Soil porosity . . Urease Protease  Invertase
density matter nitrogen  phosphorus potassium phosphatase
L. AR . 1.000 -1.000"* -0.864"* -0.805"* -0.832"* -0.784"" -0.759"* -0.822"* -0.867"" -0.818" "
Soil bulk density
G W
iiﬁ?l‘lﬁ&_ 1.000 0.864** 0.805"* 0.832°* 0.784"" 0.759"" 0.823" " 0.867" " 0.818" "
Soil porosity
AL Organic matter 1.000 0.942%* 0.990** 0.947"* 0.895** 0933"* 0.978*" 0.942%*
4% Total nitrogen 1.000 0.915** 0974 0.859"* 0.950"* 0.954** 0.978 " *
Available phosphorus 1.000 0.931 0.864 0.916 0.957 0.920
AL 1.000 0.870"*  0.937°* 0.965"*  0.985""

Available potassium

T # = FORTE 0.01 P W) MM .

Note: * * indicates significant correlation at 0.01 level (two-tailed).

242 XIEIALH R LIE B E G B e ) 4k
* A N THEWOS H RN X RS

P PR LA ) A ) 428 52 00, K HE B2 W 38 1) R/

VR AR B S - N M R AT 2 e [l E A3 A
(F4) 25 R ER I AL 1 RE M RE 84.2% 1)+
SRR B L 92.0% 1 1 BE R U I M L 97.8% 1+
SR AL G A 98.0% F - MBI R HIG 12

WARATEE R (3R 5) W, AL A
BUTT (X, ) %5 W g 3% 1 HL A 35 K ) B 32 1F 300
(2.682) , A H AR A AW A o H A BEAL
PRI 5% = AT IR I P ] B2 4 F 2 R K F EHAE
398 4 RN BRI N 1 L AT ORI B B2 GE AN
(0.661) , 25 5 A AL T 30 A 52 M) 4= 8RG80 114 ()
BEAEF KT EHEAE R, A 850w ) 8 11 S M 10 52
M) == B30 2o X 4 R0 %) PR 2 0 = A S 0 2
1 it 11 352 W) 2 22 o At - 398 B A PR 1 [ 2 4
FAFEHE o T IR A PR, A ALY
A R T Hoe oAl 24k PR ) 4276 T, i H A B4
PR~ 149 532 W] 8 S 3 38 XoF A HIL I AT 25008 1 () 22 A
FHP=A 0, 398 A DR X6 i R T M
S 1 R S AEE (0.683) >4 (0.338) >4 Pl
(-0.238) >4 (-0.131) >H &M (0.103) , BARE
B AP AR A O X e 1l R 1 1 1 5
PN T A H A e 5 i E At B R R 7 A Y
[EHE/E AL E] 0.641 DL I, PSR RBCRT 0, A HL
(X, ) Je - SRR Y B e N, 2 S A
PR TR e R 1) 2 2 B o R 5 R (X ) A 4
Y 32 B R A AR (X, ) 2 B IR i Y
T EERRA R S (X ) S e S R il R 1 O PR
filg (1) E 2 E R T,

x4 TEEAMRSTEBREENSTERARE
Table 4 Multiple regression equation of soil physical and
chemical properties and soil enzyme activity

[ml )75 7%

. . F P R?
Regression equation
U, =0.169X, +2.682X, 0.406X, - 37 <005 0840
1.622X,+0.368X; . < :
Up=-0136X,-0278X,+0.661K,+
0.406X,+0.072X > <> :
Uy ==0.117X,+0.875X,~0.1X, 293 <00l 007
0.357X,+0.474X, : <0 :
U, ==0.131X,~0.238X,+0.338X ; +
; 58.385  <0.01  0.980

0.103X,+0.683X

TE:U, Uy Us USRS R 53 530 3705 v A 1) 98 JUR S 1 |
WG E 5 RS VR A BRI A X, X, X5 X XA
R I FORPREL I AR T AL R A R AR
PR e B LR EE S B SC R B — 1 B B35 AR SR A 2 ot el
JAT7 R F SR LI

Note:U,, U,, U; and U, are dependent variables, which represent
standardized soil urease activity, protease activity, invertase activity and
alkaline phosphatase activity, respectively. X, X,, X5, X, and X; are
independent variables, which represent standardized bulk density,
organic matter, total nitrogen, available phosphorus and available potassi-
um, respectively. Because soil bulk density and porosity showed a very
significant negative correlation with a correlation coefficient of =1, soil

porosity was automatically eliminated in the multiple regression equation.

3 W %
3.1 HEFRMEME-THEE T EASMILR
IS4

AT R L BB S o A R AL |
KAl S A AR A 255 RO, HOR/INE G &
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Table 5 Path coefficients of soil physical and chemical properties and soil enzyme activities in wheat-soybean rotation field

AR e X, X, X, X, Y, TETRn R
Dependent Independent The sum of indirect Decision
variable variable X —y X,y X;—y X4y Xs—y path coefficients coefficient

X, 0.169 -2.317 0.327 1.350 -0.289 -0.929 -0.29

X, -0.146 2.682 -0.382 -1.606 0.348 -1.786 -2.39

U, X3 -0.136 2.526 -0.406 -1.484 0.358 1.265 -0.86

X, -0.141 2.655 -0.371 -1.622 0.343 2.486 -5.43

Xs -0.132 2.540 -0.395 -1.510 0.368 0.502 0.50

X, -0.136 0.240 -0.532 -0.338 -0.056 -0.686 0.21

X, 0.118 -0.278 0.623 0.402 0.068 1.210 -0.60

U, X3 0.109 -0.262 0.661 0.371 0.070 0.289 0.82

X, 0.113 -0.275 0.605 0.406 0.067 0.510 0.58

Xs 0.107 -0.263 0.644 0.378 0.072 0.865 0.13

X, -0.117 -0.756 0.081 0.297 -0.372 -0.750 0.19

X, 0.101 0.875 -0.094 -0.353 0.449 0.102 0.95

U, X; 0.094 0.824 -0.100 -0.327 0.462 1.053 -0.20

Xy 0.097 0.866 -0.092 -0.357 0.441 1.313 -0.81

X 0.092 0.829 -0.097 -0.332 0.474 0.491 0.69

X, -0.131 0.206 -0.272 -0.086 -0.535 -0.688 0.20

X, 0.113 -0.238 0.318 0.102 0.647 1.180 -0.51

U, X 0.105 -0.224 0.338 0.094 0.665 0.641 0.55

X, 0.109 -0.236 0.309 0.103 0.636 0.819 0.18

Xs 0.103 -0.225 0.329 0.096 0.683 0.302 0.88

TE:U U, Us USSR 3R i A Y SRR 1 B RS 1 (LR I PRI ME DR BTG 15 X, X, X5 (X, (X5 o R &, )
WIFTRAREAL BV A E AP R A SRR, R B BB o AR R A, A Dy R AR R

Note:U,, U,, Uy and U, are dependent variables, which represent standardized soil urease activity, protease activity, Invertase activity and alkaline

phosphatase activity, respectively. X, X,, X5, X, and X; are independent variables, which represent standardized bulk density, organic matter, total ni-

trogen, available phosphorus and available potassium, respectively. The data crossed are direct path coefficients and others are indirect path coefficients.
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