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Effects of conservation tillage on soil nutrients and
enzyme activities in rainfed area
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Abstract Based on the field experiments conducted in Dingxi of the western Loess Plateau effects of the conventional
tillage and five conservation agricultural patterns namely conventional tillage conventional tillage with stubble incorpo-
rating no tillage with no stubble no tillage with stubble retention conventional tillage with plastic mulching and no
tillage with plastic mulching on soil nutrients and enzyme activities in a rainfed farming system were studied. The results
show that contents of soil organic matter total N total P total K NH; -N available P and K soil urease alkaline
phosphates and invertase activities at the 0—5 and 5—-10 cm layers are increased in the two stubble retention systems.
Moreover in the two stubble retention systems soil organic matter total K and available K are improved greatly at the
10 — 30 em depth of soil. Soil catalase activity is improved at the O — 30 ecm depth of soil in the three no-tillage systems

while NO; -N content is decreased. There are significant correlations between soil organic matter contents of the nutri-
ents alkaline phosphatase and inverstase activities. Principal component analysis indicates that soil organic matter nu-
trients and hydrolases could be used to evaluate soil fertility in rainfed areas of Loess Plateau.
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Table 1 Experimental design
Code Treatments Patterns
T
Conventional 20cm 10em  5cem
tillage
with no straw The field is ploughed 3 times and harrowed twice after harvesting. The first plough is in August imme-
diately after harvesting the second and third ploughs are in late August and September respectively.
The plough depths are 20 cm 10 cm and 5 cm  respectively. The field is harrowed after the last
plough in September and re-harrowed in October before the ground is frozen. This is the typical con-
ventional tillage practice in Dingxi region.
NT
No tillage with no  No-tillage throughout the life of the experiment no straw cover.
straw cover
TS T
Conventional tillage  The field is ploughed and harrowed exactly as for T treatment 3 passes of plough and 2 harrows  but
with straw with straw incorporated at the first plough. All the straw from the previous crop is sent back to the
incorporated original plot immediately after threshing and then incorporated into ground.
NTS NT
No-tillage with No-tillage throughout the life of the experiment. The ground is covered with straw of previous crop from
straw cover August till next March. All the straw from previous crop is sent back to the original plot immediately
after threshing.
TP T 10 40 cm
Conventional tillage 40 cm 10 cm 25 cm
with plastic mulch ~ The field is ploughed and harrowed exactly as for T treatment 3 passes of plough and 2 harrows  but
covered with plastic after the last harrow in October. Plastic film is laid out between crop rows and the
covering belt width is 40 cm. Thus the row spaces between crops are 40 and 10 cm alteratively
with a average of 25 cm.
NTP TP

No-tillage with
plastic mulch

No-tillage throughout the life of the experiment. The plastic film is laid in October using same machine
as for the treatment 5. To avoid the damage of plastic film the crop residue is mowed or/and har-
rowed after harvesting.
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Table 2 Soil nutrients under the different tillage systems
Layer OM Tot. N Tot. P Tot. K NH/-N NOTNT Al P Awail. K
reatment
em g'kg mg/kg
0—5 T 13.60 ¢ 1.00 cd 0.87b 15.33 b 6.37b 30.97 a 13.91 ¢ 201.72.d
NT 13.90 ¢ 1.05 be 0.93 b 14.55 ¢ 6.68 b 28.11 ¢ 14.02 ¢ 237.52 be
TS 14.91 b 1.09 b 1.07 a 16.33 a 8.08 a 31.22 a 16.32 b 264.46 ab
NTS 16.24 a 1.17 a 1.08 a 16.84 a 8.94 a 30.16 ab 18.82 a 283.82 a
TP 13.44 ¢ 0.98 d 0.87 b 14.66 ¢ 6.41b 31.49 a 14.54 ¢ 207.56 cd
NTP 13.90 ¢ 1.05 be 0.92 ab 14.62 ¢ 6.69 b 28.99 be 14.18 ¢ 231.19 cd
5—10 T 13.49 be 0.99 be 0.82 ¢ 14.77 b 6.38 ab 29.15 ab 13.65 be 189.08 b
NT 13.85 be 1.03 b 0.88 ¢ 14.06 b 6.13 b 28.40 ab 14.10 be 197.17 b
TS 14.68 a 1.03 b 0.99 ab 15.57 a 7.53 a 30.67 a 15.22 ab 253.90 a
NTS 14.86 a 1.09 a 1.02 a 16.24 a 7.19 ab 29.09 ab 16.08 a 263.96 a
TP 13.44 ¢ 0.98 ¢ 0.91 be 14.32 b 6.68 ab 28.40 b 12.27 ¢ 190.24 b
NTP 13.92 b 1.03 b 0.98 ab 14.31 b 6.42 ab 26.79 b 13.04 ¢ 193.00 b
10—30 T 12.80 de 0.97 a 0.84 ab 14.53 b 6.14 a 36.03 a 5.36 a 149.35 b
NT 13.59 be 1.00 a 0.84 ab 14.04 be 5.87 a 31.84 b 4.75 a 155.86 b
TS 14.24 a 1.00 a 0.86 a 15.19 a 7.26 a 34.63 a 5.49 a 193.67 a
NTS 13.98 ab 1.01 a 0.85 ab 15.47 a 6.70 a 32.64 b 5.26 a 202.12 a
TP 12.58 e 0.98 a 0.82 ab 13.93 ¢ 6.08 a 32.65 b 5.14 a 167.32 b
NTP 13.28 cd 1.00 a 0.81b 14.03 be 5.85a 31.77 b 4.74 a 166.75 b
5% 3

Note Data in the table are average of two cropping rotation systems. Values followed by different letters in the same column means significant at 5% level

among treatments with same soil layer the same symbols were used for table 3.
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Table 3  Soil enzymatic activities under the different tillage systems

Layer Treatment Catalase Urease Alkaline phosphatase Invertase
cm 0.1 mol/L KMnO; ml/ g h NH;-N mg/ g d Phenol mg/ g d Glucose mg/ g d

0—5 T 4.94 cd 2.37d 0.66 d 16.76 ¢
NT 5.10 be 2.57 be 0.80 ¢ 20.36 b
TS 5.07 be 2.48 cd 0.82 ¢ 18.05 ¢
NTS 53la 2.71 a 1.08 a 24.10 a
TP 4.77d 2.43d 0.73 cd 17.20 ¢
NTP 5.19 ab 2.63 ab 0.95b 21.50 b

5—10 T 4.77b 2.24 a 0.72 a 17.07 b
NT 4.90 b 2.32a 0.75 a 16.57 b
TS 4.70 b 2.35a 0.85 a 20.38 a
NTS 4.87b 2.32a 0.80 a 18.54 ab
TP 4.91 ab 2.25a 0.76 a 17.72 b
NTP 5.16 a 2.36 a 0.74 a 17. 38 b

10—30 T 4.81 ab 2.35a 0.58 a 13.60 a
NT 5.02a 2.41 a 0.67 a 13.65 a
TS 4.49 b 242 a 0.66 a 14.43 a
NTS 4.92 a 2.38 a 0.73 a 15.12 a
TP 4.69 ab 2.3l a 0.63 a 13.88 a
NTP 5.02a 2.33 a 0.69 a 13.86 a

2.3 4
16
4
Table 4 Correlation analysis between soil nutrients and enzyme activities
Factors OM TN TP TK NH; -N NO; -N AP AK Cat Uase APase Tase

oM 1

N 082" " 1

P 0.737° " 0.800" " 1

TK 0.792"* 0726 0726 1

NH; -N 0752 " 0.730" " 074" " 0.82" " 1
NO; -N 0244 020 033" 0.030 -0.0% 1

AP 0.590" " 0.68"" 0.736" " 0.54"" 0.557"" -0.618"" 1

AK 0.81°" 0.818"" 0.819"* 0.797" " 0.787" " -0.39" 0.787"" 1

Cat 0.233 0.391°  0.404"  0.103 0.285 -0.262 0.243 0.19% 1

Uase 0.42* 0.432"° 0.210 0.32 0.259  -0.113 0.202 0.363°  0.321 1
APase 0.743" " 0.69"" 0.485"" 0.465"" 0.506" " -048" " 0.593"" 0.714" " 0.136 0.561" " 1

lase. 0.647° " 0.644™" 0.678°" 0.530"" 0.636" " -0.519" " 0.818"" 0.780" * 0.244 0.406" 0.785" " 1

Note % Significant at 5%level % * Significant at 1% level. OM— Organic matter TN— Total N TP—

Total P TK— Total K AP— Available P AK— Available K Cat— Catalase Uase— Urease APase—

Alkaline phosphatase Tase— Invrtase The same symbols were used for table 5.
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Table 5 Cumulative percentages and values of component capacity of different soil fertility indices
Capacity
Component Eigenvalues  Percent of variance Cumulative percentage ! 2 3
1* component 2 component 3™ component
oM 7.10 59.19 59.19 0.8921 0.1977 0.0484
TN 1.50 12.51 71.70 0.8861 0.1598 0.1433
TK 1.09 9.11 80.81 0.8761 0.0848 0.1277
TP 0.92 7.65 88.45 0.7981 0.5038 0.0560
NH; -N 0.38 3.13 91.58 0.8281 0.3915 0.0812
NO; -N 0.30 2.50 94.08 0.4210 0.8214 0.2202
AP 0.21 1.77 95.85 0.8108 0.3080 0.3487
AK 0.18 1.48 97.33 0.9406 0.0767 0.1437
Cat 0.10 0.87 98.20 0.3648 0.3089 0.5350
Uase 0.08 0.71 98.90 0.4791 0.0891 0.7296
APase 0.08 0.64 99.54 0.7877 0.2653 0.1475
lase 0.05 0.46 100.00 0.8537 0.2703 0.1132
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