The Impact of Conservation Tillage Systems on Pore Size Distribution
and some Hydraulic Properties of the Soil under Saline Conditions and
Barley-safflower Rotation
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Abstract
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Backgroundiand Objective: One of the major agricultural challenges in Iran and the world is soil and water
salinity. Seil’reclamation for saline soils requires significant amounts of water, making it essential to
reconsider reclamation methods in light of water resource limitations. Various tillage methods can affect
saline soils by altering the physical properties of the soil. Research indicates that conservation tillage can
improve soil physical quality and enhance water retention (Steponaviciené et al., 2024). Additionally,
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different tillage systems impact soil pore size. Researchers have reported an increase in macropores in no-
tillage systems and an increase in micropores in conventional tillage systems (Bhattacharyya et al., 2006).
Considering the salinity of soils and the arid and semi-arid climate in Iran, preserving plant residues and
using conservation tillage methods could help prevent related problems. This study examines the effects of
three types of tillage systems on the physical properties of saline soils in Isfahan Province.

Methods: This research was conducted over four years at the Kabutarabad agricultural research station in
Isfahan to examine the effects of three tillage systems (conventional tillage, reduced tillage, and no-tillage)
on soil physical properties, including pore size distribution, field capacity (6rc),,permanent wilting point
(Bpwp), plant-available water content (AWC), and the soil water retention curve (WRC). The management
practices included residue removal in conventional tillage and residue retention in reduced tillage and no-
tillage systems. Soil samples were taken annually from a depth of 0 to 15 cm, and their physical properties
were measured. Soil pores were classified into three major groups: macropores ( -p), mesopores
(Meso-p), and micropores (Micro-p), based on data from the soil water retentionJetrve. The soil water
retention curve was obtained using sandboxes and pressure plate apparatus,
using a split-plot design in a completely randomized block design with

Results: The highest amount of Macro-P was observed in the cons Ilage treatments in the following
order: reduced tillage, no-tillage, and conventional tillage (0.032, d 0.022 cm? cm3, respectively).
This is attributed to the increased organic matter in the reduced tillage and no-tillage treatments. The reduced
tillage treatment also had the highest amount of Meso-P0.141 cm® cm™), with a significant increase,
especially in the fourth year. Over time, tillage systems had a)greater impact on coarse and medium pores.
The highest values of Grc were observed in the reduced Yill8ge, no-tillage, and then conventional tillage
treatments (0.250, 0.247, and 0.238 cm® cm™3, respecti Theé nce of organic matter in the reduced
se ingdfc compared to conventional tillage. There
in the reduced tillage and no-tillage treatments, but
C1o00 values were similar across treatments, but the
highest value was for the no-tillagéreatment (0.210 cm3cm™). In the first and second years, there was little
difference in the soil moisture ®haracteristic curves a g the treatments. However, in the third and fourth
years, more distin arly at low suction levels. In these years, the no-
tillage and reducedNillage treatments, had higher volumetric moisture at low suctions compared to
ad lower 6s values compared to the reduced tillage and no-tillage
third year onward, 6s values increased, which is attributed to the

accumulation of eiflanic
.

C nclusiongThis stu vestigated the impact of conservation tillage (no-tillage and reduced tillage) on

ic properties over four years. The results showed that conservation tillage increased

t wilting point, and plant-available water content. These positive effects were particularly
er matric suctions. Other benefits of this method include the improvement of saline soil
conditions through increased organic matter and reduced evaporation. Additionally, conservation tillage, by
preserving plant cover and minimizing soil disturbance, helps reduce moisture loss and enhance water use
efficiency. These findings suggest that conservation tillage can serve as a suitable alternative to conventional
tillage in dry and saline conditions, improving soil conditions and water resource efficiency.
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Table 1. Variance analysis of residual water content (6r), saturated water content (8s), slope of water retention curve (m), air ent
(hova), organic carbon (OC), macroporosity (Macro-P), mesoporosity (Meso-P), microporosity (Micro-P), fie‘capacity (FC),p

(heve), matric suction at the inflection point
nent wilting point (PWP), plant available water

(AWCi100 and AWCazo0) and Air porosity (AFP) in the combination of four ygars ment.
Source of variance ~ DF Or 0s m heve hove oC Macro-P  Meso- Orc Opwp AWCi0  AWCan AFP
Mean
squares

Tillage (A) 2 000002 0003 0006™ 0924 1252~ 036™ 0.0003" 0.0 0.002™ 0.004™ 0.0002° 0.001™ 0.00006™ 0.002"
Replication 6 0.001 0001 0.0003 0.283 8.59 0.0008  0.00 0.0001 0.00006 0.00006 0.00002  0.0001  0.0004  0.0001
Year (B) 3 000025 0005* ‘0001 0318 1917 W1g6™ 0.002™ 0.0006™ 0.0006™ 0.0003™ 0001~ 00004~  0.002"
Tillage(A)xYear(8) 6  0.0004™ 0.001™ 0005~  1.98" 293" 0.046™ 0@8** 0.002™  0.0004™ 0.00009° 0.0002° 0.0004™  0.001"

0003 *00@ 0.0001 0.00005 0.00004  0.0002 0.00009 0.0001
7.04 341 2.89 451 7.57 841 743

Error 18 0.0001 0.0001 0.0004  0.591 9.46 0.014
CV (%) - 9.46 2.72 7.34 37.9 29.8
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Table 2. Mean comparisons of residual water content (6r), saturated water content (6s), slope of water retention curve (m), air
point (hovs), organic carbon (OC), macroporosity (Macro-P), mesoporosity (Meso-P), microporosity (Mie‘-P), field capacit

tion (heve), matric suction at the inflection
), permanent wilting point (PWP) and plant

(AFP)

Or Os m heve  hove ocC Macro-P €s0- Orc Opwr  AWCi00 AWC300 AFP

Tillage system
cm? cm3

Conventional tillage 0.100a 0.474> 0.285% 0.527% 13.3* 0.400°  0.022° 0.1 0.238° 0.127°  0.197° 0.111*  0.148°
Reduced tillage 0.099*  0.498% 0.242° 0.843* 6.91° 0.653° 0.03 0.1412 0.321° 0.250* 0.134® 0.187° 0.115*  0.1742
No tillage 0.098%  0.504* 0.272% 0.290* 10.72 ‘éoa 0.0292 0.129° 0.3432  0.247% 0.133@ 0.210% 0.1152¢  0.157°

. 6 -
tsigni@tly

illage « g3, 55> VS ‘Reduced tillage 5 o9 S= Conventional tillage <3, 5S> :Tillage

cm3cm? - hPa %

shls s duwiu Osiw A 3
ﬁkrent (LSD, p <0.05).
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Table 3. Mean comparisons of residual water content (6r), saturated water content (6s), slope of water retention curve (m), air entry s
point (hovs), organic carbon (OC), macroporosity (Macro-P), mesoporosity (Meso-P), microporosity (Micro-P), field capacit
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