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Abstract

The large area of saline soils in Iran and decreasing in quality of these soils require that the effectiveness of
conservation tillage systems in such lands be investigated. This project aims to determine changes in soil
physical properties in three different types of tillage system and plant residue management, including: 1)
conventional tillage system and removal of crop residues from soil surface, 2) reduced tillage system and
preservation of crop residues, and 3) no tillage system and preservation of crop residues in rotation of barley
and safflower in a saline soil with irrigation water salinity of 5.35 dS/m for four years. Some soil physical
properties such as bulk density and porosity, and aggregate stability indices of mean weight diameter
(MWD) and geometric mean diameter (GMD) were measured in soil samples prepared from the layers of
0-10, 10—20 and 20-30 cm. After each crop rotation period, water infiltration into the soil was measured and
the modified Kostiakov model was fitted to obtain the optimized parameters. The results of variance analysis
of the data in the four years of the experiment showed that the difference in most of the soil properties at the
end of the experiment was significant due to the tillage treatments compared to the control. The highest
MWD and GMD (2.53 and 1.90 mm, respectively), porosity (51.2%) and final infiltration rate (31 cm/h)
were observed in the no-tillage system. while the lowest MWD and GMD (2.02 and 1.29 mm, respectively),
porosity (47.8%) and final infiltration rate (3.5 cm/h) were recorded in the conventional tillage system.
Overall, our findings showed that the increment in the soil organic matter due to the implementation of
conservational tillage treatments improved the stability of soil aggregates and increased soil porosity and
water infiltration into the soil.

Keywords: Aggregate stability, Crop rotation, Conservational tillage, Soil quality, Water infiltration into
soil.

Background and Objective: Presence of sodium in the salt-affected soils causes the dispersion and
disintegration of clay particles, which leads to the destruction of the soil structure and, as a result, poor
acration of the root growth environment and the reduction of root penetration and water storage in the soil.
The binding of clay particles and maintaining the soil structure strongly depend on the soil salinity and
sodicity, the soil organic matter content, the rate of wetting and the type of soil clays (2). Tillage practices
could reduce the soil bulk density in the plow layer, which gradually returns to its initial level upon
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consolidation due to natural processes. These changes depend on the type of soil and tillage tools (3).
Hajabbasi et al. (4) studied the effects of different tillage methods on the MWD in Kabutarabad, Isfahan. In
no-tillage treatment, the MWD was 20% higher than in other treatments. Water infiltration and
microporosity in two soil types (i.e., silty loam and sandy loam) were significantly lower in the conventional
tillage than in no-tillage, while no significant difference was observed for the macroporosity (1).

Methods: The current research was carried out at Kabutarabad agricultural research station, located in the
southeast of Isfahan city, in fixed plots of the conservation agriculture experimental site for four years in
split plots design. The main plots included three different types of tillage system and crop residue
management, including: 1) conventional tillage and removal of residues from the field, 2) reduced tillage and
preservation of residues, and 3) no tillage and preservation of residues. Soil layers of 0—10, 10-20 and 20-30
cm were considered as sub-plots. At the time of harvesting of each crop, soil samples were prepared from the
three layers and physical properties were measured in the laboratory. After harvesting, the water infiltration
into the soil was measured by the double rings method. The soil texture (i.e., percentages of sand, silt and
clay) was determined by hydrometric method. Soil bulk density was determined by the core samples
collected by using cylinders of 100 cm®. Wet and dry sieving methods were used to measure the aggregate
stability and mean weight diameter (MWD) and geometric mean diameter (GMD) of the aggregates were
calculated.

Results: Soil porosity was observed in the order of: no tillage > reduced tillage > conventional tillage and
their values were 51.2, 50.4 and 47.8%, respectively. The highest soil porosity (i.e., 54.1%) was recorded in
the no-tillage at the layer 10-20 cm and the lowest value (i.e., 47.9%) occurred at the layer 0—10 cm in the
conventional tillage. The effects of tillage treatment, as well as the interaction effect of these treatments and
the soil layer on the bulk density were not significant. The highest MWD and GMD (2.53 and 1.90 mm,
respectively) were observed in the no-tillage, while the lowest values (2.02 and 1.29 mm, respectively) were
recorded in the conventional tillage. In four years of the experiment, plots with conventional tillage had the
lowest water infiltration rate.

Conclusions: Four years of research in saline soil showed that the reduced tillage and especially no tillage
significantly increased soil porosity, infiltration rate and stability of soil aggregates. The increment in soil
organic matter and lowered machinery traffic are the most important reasons for these positive effects. These
effects became larger over time so that the most positive effect was observed in the fourth year of
experiment.
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Table 1. Variance analysis (mean square) of soil porosity, bulk density (BD) and aggregates stability (mean weight diameter, MWD,
and geometric mean diameter, GMD) in the combination of four years experiment.

GMDwet MWDpry GMDopry MWDwet BD Porosity DF Source of variance
0.088"s 0.071"s 0.014xs 0.268" 0.030"s 15.624xs 2 Block
3.422" 0.914* 0.067* 2.352* 0.005" 114.768" 2 Tillage (A)
0.165 0.134 0.004 0.091 0.028 5.131 4 Error
0.338" 0.018 0.024™ 3.235" 0.001m 150.846" 2 Soil depth (B)
0.172m 0.086™ 0.001m 0.210™ 0.010™ 23.169™ 4 AXB
0.084 0.055 0.003 0.092 0.008 2.027 12 Error
6.545™ 4.590™ 0.381* 18.373* 0.212* 172.871" 3 Year (C)
1.129* 0.0327" 0.025* 0.255* 0.003"s 27.244 6 AxC
0.034"s 0.162" 0.016™ 0.531* 0.008"s 6.666" 6 BxC
0.156™ 0.026™ 0.001m 0.177m 0.005m™ 7.017m 12 AxBxC
0.112 0.088 0.004 0.110 0.008 6.345 54 Error
20.7 7.5 3.32 14.4 7.4 5.0 - Ccv
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Table 2. Mean comparisons of soil porosity and aggregate stability (mean weight diameter, MWD, and geometric mean diameter,
GMD) as affected by tillage system

GMDwet MWDpry GMDpry MWDwet Porosity Tillage system
mm %
1.29° 3.782 1.74> 2.02b 47.8° Conventional tillage
1.67% 4.012 1.78% 2.352 50.42 Reduced tillage
1.90* 4.08? 1.832 2.53¢2 51.22 No tillage

Il e N Ao 53 0 peba 53 LSD (ge3l bl s S 2iie g (s34 eSOl 5t 8 3
In each column, numbers with similar letters are not significantly different (LSD, p < 0.05).
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Fig. 1. (a) The effect of tillage systems on the soil porosity at the first and fourth years of the experiment at three different soil layers,
(b) mean comparisons of four-years average of the interaction effect of tillage system and soil layer on the soil porosity; numbers
with similar letters are not significantly different (LSD, p < 0.05).
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Fig. 2. The interaction effect of tillage system and soil layer on the organic carbon content (OC); numbers with similar letters are not
significantly different (LSD, p <0.05)
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Table 3. Mean comparisons of soil bulk density, porosity and aggregate stability (mean weight diameter, MWD, and geometric mean
diameter, GMD) in four years of the experiment

GMDwet MWDobpry GMDpry MWDwet  Porosity  Bulk density

mm (%) (g cm™) Year
1.23b 3.390 1.612 1.11¢ 47.2b 1.322 First
1.42° 3.932 1.852 2.54b 48.1° 1.17° Second
1.50° 4.15% 1.822 2.53b 51.32 1.14° Third
2.342 4.352 1.86% 3.022 52.52 1.12b Forth

Il e N o 53 0 peba 53 LSD Oge3l bl s S 2iie g (53 & eSOl 05t 8 3
In each column, numbers with similar letters are not significantly different (LSD, p < 0.05).
b Sy Sl MWDy «J&lss Porosity «s b & Bulk density «yueslga Forth ¢ ps s Third ¢ e 53 Second ¢y First (Jla Year
Geometric mean ) S_ix S Sy 4 LaaslSbe s ks . S0ls :GMDpyy «(Mean weight diameter in wet sieving) 5 Sl iy, 4 baailasl
s s :GMDye «(Mean weight diameter in dry sieving) Sl I 5g;y 4 balSbe s S35 500 MWDpyy «(diameter in dry sieving

(Geometric mean diameter in wet sieving) 5 Il i, 4 alusls a3

$35 5Soke) sl (ool 5 Sbe ol a3l cilie sladle s 55581 Glasles S ea 3 ke aslie ¥ Jgdr
AGMD (kb ks ke s MWD (L

Table 4. Mean comparisons of the interaction effect of tillage treatments in different years of the experiment on the soil porosity and
stability of aggregates (mean weight diameter, MWD, and geometric mean diameter, GMD).

GMDwet MWDpry GMDpry MWDwet Porosity

o % Year Tillage system
1.234 3.40P 1.602 0.94f 47.0¢ First
1.294 3.91¢ 1.79¢ 2.44d¢ 47.5¢ Second Conventional
1.16¢ 3.882 1.782 2.17¢ 48.3¢ Third tillage
1.48<d 3.91%® 1.792 2.54cde 48.3¢ Forth
1.234 3.42b 1.622 1.17f 47 4¢ First
1.45¢d 3.91¢ 1.85% 2.57¢ 48.4¢ Second Reduced
1.53¢ 4208 1.842 2.55¢ 52.2b Third tillage
2.48b 4512 1.812 3,12 53.7% Forth
1.23¢ 3.36 1.59 1.22f 47.1¢ First
1.52¢d 3,98 1.902 2.61¢ 48.5¢ Second Noill

o tillage

1.79¢ 4,332 1.832 2.87% 53.6% Third &
3.078 4.65° 1.98 3.402 55.58 Forth

Il e | Ao y3 0 mlaw 53 LSD O3l lal o lites S 2 Gy 6lils &S Lo, Kils gt o o
In each column, numbers with similar letters are not significantly different (LSD, p < 0.05).
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Table 5. Mean comparisons of the interaction effect of soil layer in different years of the experiment on the stability of soil
aggregates (mean weight diameter, MWD, and geometric mean diameter, GMD)

GMDDry MWDwet

Year Soil depth
(mm) (cm)

1510 101! First

1.842 2.12¢ Second

1.81° 2324 Third 0-10
1.85° 2,380 Forth

1.63° 1.13¢ First

1.86° 2.68% Second

1.818 2.78¢ Third 10-20
1.86° 3.17% Forth

1.68° 1.19¢ First

1.842 2.83be Second

1,830 2,49 Third 2030
1.870 3.500 Forth

Il e N Ao 53 0 peba 53 LSD (gejl bl s S 2ie g (s34 eSOl 05t 8 3

In each column, numbers with similar letters are not significantly different (LSD, p < 0.05).
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Table 6. The optimized parameters of Kostiakov-Lewis model in three tillage systems in four years

Conventional tillage Reduced tillage No tillage Unit Parameter Year
0.05 0.128 0.609 cm min™! A
2.4 4.6 6.0 cm min® K )
First
0.38 0.53 0.44 - b
0.995 0.983 0.994 - R?
0.05 0.469 0.05 cm min™! A
1.2 5.0 6.1 cm min® K
Second
0.49 0.34 0.66 - b
0.995 0.990 0.996 - R?
0.05 0.424 0.839 cm min™! A
1.51 8.1 5.0 cm min® K )
Third
0.48 0.47 0.33 - b
0.995 0.984 0.991 - R?
0.06 0.636 0.05 cm min™! A
2.5 10.4 4.5 cm min® K
Forth
0.29 0.19 0.60 - b
0.994 0.991 0.988 - R?

P 5,35 Conventional tillage <A :Unit « el ,L, Parameter « 0 ,Lgar Forth ¢ ;0 5w Third ¢ ;0 93 Second ¢ x5 First (Jla :Year

(Empirical coefficients) =5 |5 b 4K (Final infiltration rate) ;lg 358 ool A (g5, . No tillage «$55550S Reduced tillage

(Coefficient of determination) s a2 R?

4 o Bl (558 Sled 53 53 O Ll Ao 5 b Sler 53 @iosSIE Sass a3 (Io0) alds o 55 e 358V J g

e SIS

Table 7. Cumulative infiltration in 60 minutes (I0) in three tillage methods in four years and its increase percentage in two

conservational tillage treatments compared to conventional tillage.

Increase in the Ieo compared to the conventional Iso
tillage (%) (cm) Year
No tillage Reduced tillage Conventional tillage Reduced tillage No tillage
403 235 14.3 47.9 72.0 First
691 314 11.8 48.8 93.4 Second
426 514 13.3 81.7 70.0 Third
368 410 12.0 61.3 56.2 Forth

‘Reduced tillage‘r g 0 (S 36 >~ :Conventional tillage « o )Lé’: Forth ¢ s goo Third ¢ yue 95 Second ¢ u.::.w:u First (Jlw Year

LS))}SB-J No tillage gé))jél;-rs
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Fig. 3. Cumulative infiltration curves and fitting of Kostiakov-Lewis model in different tillage treatments in (a) the first year, (b) the
second year, (c) the third year, and (d) the fourth year of the experiment.
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Table 8. Correlation between the measured soil properties in this research

OKer 5 sl ep s

oC EC MWDwet GMDbpry MWDobry GMDwet BD Porosity

1 Porosity

1 -0.33" BD
1 -0.35™ 0.56" GMDwet
1 0.61" -0.49™ 0.52" MWDbpry
1 0.70* 0.52" -0.58" 0.46" GMDpry
1 0.73" 0.62™ 0.57" -0.59" 0.58" MWDwet

1 -0.21" -0.20" -0.10m 0.07m 0.15" -0.13"s EC

1 -0.30m 0.36™ 0.20* 0.37*" 0.52" -0.22" 0.34™ oC

(Sols e pde O a3 ls e TN e 53l re T

**: significant at 1 %, ": significant at 5 %, ™: non-significant

Mean weight ) 5 Sl iy, & balaSls i S5y . Sle MWDy (Electrical coductivity) S =1 Ul :EC «(Organic carbon) JT oS 0C

S MWDpyy «(Geometric mean diameter in dry sieving) it SI 5, am balaSls s _wdis . Sile :GMDpyy «(diameter in wet sieving
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