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Abstract

Tillage practices significantly influences soil physical characteristics and crop productivity. The infiltration
characteristics, bulk density, porosity, penetration resistance, grain yield of rice and wheat were measured under
no-till without residue (NT), roto-tillage (RT), and no-till with residue i.e. happy seeder (HS) in rice-wheat
cropping system in sandy loam (SL) and loamy sand (LS) soils. For surface soil layer (0-15 cm) highest soil bulk
density (Mg m™) was recorded in HS (1.58) followed by RT (1.56) and NT (1.55) in LS soil. Soil porosity
ranged from 40.6 % to 41.2 % under HS and RT, respectively for 0-15 cm depth in SL soil. The PR (K Pa) varied
from 2412 (NT) to 2539 (HS) in SL. In LS soil PR (K Pa) varied from 2433 (NT) to 2603 (RT). Final infiltration
rate (FIR) varied from 0.1 to 0.3 cm hr! under RT and NT in SL soil, while, in LS soil FIR varied from 0.5 to 0.8
cm hr' in RT and HS, respectively. Maximum rice grain yield (t ha™) was recorded in RT (8.0) followed by NT
(7.5) and HS (7.0) in SL soil. The corresponding rice yield (t ha™) in LS was 6.5, 5.8 and 5.5 in RT, NT and HS,
respectively. Wheat straw yield (t ha™") ranged from 4.9 (NT) to 5.9 (HS) in SL soil. The wheat grain yield (t ha™)
was observed to be maximum in HS (4.5), followed by RT (4.0) and NT (3.9) in SL soil, while in LS soil the
wheat grain yield (t ha™) values were observed to be 2.7, 3.0 and 3.6 in NT, RT and HS, respectively. No
significant effect of tillage and residue management practices was observed on grain yield of rice and wheat,
however, significant changes were observed on water transmission characteristics and straw yields.
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1. Introduction

Management and tillage practices strongly impact physical properties of the topsoil and the characteristics of the
macropore system (Kumar et al., 2014). Soil moisture is an important factor affecting plant growth, especially
under conditions of a limited water supply (Chintala et al., 2012a, 2012b). There are several practices (cover
crop, mulch, residue incorporation) which reduce losses and increase moisture storage in the root zone, and
happy seeder (HS) or no-till with residue is especially effective in enhancing soil moisture storage (Yuecun et al.,
2008; Kumar et al., 2014). Long-term use of no-till without residue (NT) has adversely influenced soil physical
properties with a notable decline in water transmission properties (Mahboubi et al., 1993). Soil tillage and
residue application strongly influence soil properties, environment quality, and crop productivity (Keshavarzpour
& Rashidi, 2008; Ogban et al., 2008; Kumar et al., 2014). There is a strong interest and emphasis on adoption of
conservation tillage like HS or no-till (NT) systems along with application of crop residue mulch for reducing
soil erosion risks, improving soil quality by enhancing soil organic matter concentration and soil fertility, soil
water storage capacity, infiltration rate, bio diversity, stability of ecosystem and energy use efficiency (Ogban et
al., 2001; Igbal et al., 2005; Kumar et al., 2014). Different tillage systems can change number, shape, continuity
and size distribution of the pore network, which controls the ability of soil to store and transmit water and
regulate aeration. Adoption of conservation tillage can improve available water capacity, which enhance edaphic
environment and use efficiency of inputs (Khan et al., 2001; Khurshid et al., 2006; Kumar et al., 2014). The pore
network in NT soil is usually more continuous because of biopores by earthworms, root channels and vertical
cracks (Cannel, 1985). In contrast, residue retention or incorporation improves edaphological environment
(Anikwe et al., 2004, 2007), moderates soil temperature (Sarkar & Singh, 2007; Sarkar et al., 2007), increases
soil porosity and water infiltration during intense rains (Gajri et al., 1994; Glab & Kulig, 2008), and reduces
runoff and soil erosion (Bhatt & Khera, 2006; Prasad, 2014). Effects of tillage have been reported on penetration
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resistance, (Hermawan & Bomke, 1997) bulk density (Dao, 1993; Cetin et al., 2005; Ozpiner & Cay, 2005),
infiltration characteristics (Azooz & Arshad, 1998). However, results are inconsistent because of variation in soil
properties and management practices. The nature and magnitude of tillage-induced changes in soil moisture
properties also depend on soil type, tillage equipment, plowing depth, antecedent moisture content and climatic
conditions (Chang & Lindwall, 1990; Kumar et al., 2014). Mahboubi et al. (1993) reported that NT increased
infiltration characteristics compared with conventional tillage after 28 years of same tillage systems on a silt
loam soil in Ohio. Higher infiltration under NT with residue may be attributed to the higher volume of
macropores, a favorable pore size distribution, and the continuity and connectivity of the macropore network
(Ehlers, 1975; Logsdon et al., 1999; Frede et al., 1994; Shipitalo et al., 2000; Cameira et al., 2003). Under dry
farming conditions, choosing an appropriate tillage method is important to minimizing risks of drought stress
through decreasing losses by runoff and evaporation and increasing infiltration and soil moisture storage. Further,
penetration resistance is more sensitive than bulk density to tillage treatments (Bauder & Black, 1981; Hammel,
1989). Tillage systems which enhance water infiltration, increases soil moisture storage and improve
hydro-physical properties are important to sustain agricultural practices (Brady & Weil, 1999). Thus, it is
important to understand how tillage alters soil moisture dynamics and other properties affecting it or vice-versa.
Conservation tillage improves water availability to crops (Tessier et al., 1990), stores relatively more water in the
soil profile (Husain et al., 1998; Kanwar, 1989) due to more crop residues at the soil surface and a lower losses
by evaporation. Data on soil moisture dynamics is also needed to model and evaluate techniques for sustainable
management of soil and water resources (Talaat, 2009). Conservation tillage improves water availability and
thus crop productivity by minimizing evaporation, surface runoff and deep drainage losses (Tessier et al., 1990;
Husain et al., 1998; Tripathi & Chauhan, 2000). Mahboubi et al. (1993) reported that no-tillage could lead to
excessive soil compaction resulting in poor plant growth and subsequently reduction in crop yield. Similar
observations were also reported by other researchers (Carman, 1997; Hajabbasi & Hemmat, 2000) in arid region.
Sieling et al. (1998) reported higher wheat yields under NT in humid regions. Ghuman and Sur (2001) proposed
that reduced tillage in conjunction with crop residue improves soil properties and subsequent wheat yield on
sandy loam soils in the subtropical climate of north-western Punjab. A better understanding of conservation
tillage performance over a wide range of soil and environmental conditions is required. Thus, a field study was
conducted on different tillage and residue management practices to access their effects on soil physical
properties and crop productivity in rice-wheat system.

2. Materials and Methods
2.1 Site

The field study was conducted on tillage and residue management experiment in rice wheat cropping system at
experimental site of Department of Soil Science, Punjab Agricultural University, Ludhiana, India in sandy loam
and loamy sand soil. The site is situated at 30°56'N latitude and 70°52'E longitude and is 247 m above mean sea
level. The summer of the region is extremely hot and winters are severely cold.

2.2 Experimental Design

The experiment was laid out as a randomized complete block design, with three replications. The individual plot
size was 15 x 10 m. In NT plots wheat was sown with no-till (NT) machine by removing whole paddy straw of
previous crop, in roto-till (RT) plots whole of rice residue left after combine harvesting was incorporated in soil
by rotavator operations and later on wheat was sown with ordinary drill and in third treatment i.e. HS (Happy
Seeder) which was no-till practice with residue retention and the wheat crop was sown directly in standing rice
stubbles and loose straw. This machine has special attachments to cut, cultivate and sow seed in single operation.
However, rice was transplanted under puddled field conditions.

2.3 Determination of Soil Bulk Density, Porosity, Penetration Resistance, Infiltration Characteristics and Soil
Moisture Storage

Soil bulk density was determined for 0-15 and 15-30 cm depths using the core method (Blake & Hartage, 1986).
Cores were wrapped with polythene sheets after cutting the extra soil on the top and the bottom of the core with
sharp knife. To avoid any moisture loss from the samples, the cores were put into thermo-box and bring to lab
immediately after sampling. The fresh weights of the cores were then recorded in the laboratory. To get moisture
content value, a separate soil samples for the same depths were also brought in the polythene bags. Soil
penetration resistance (PR) was measured by a hand-held digital cone-tipped penetrometer at four randomly
selected locations within a plot. Soil PR readings were recorded upto 40 cm depths. The PR readings were then
averaged for each plot. Field measurements of infiltration characteristics were made by using a double ring
infiltrometer (Reynolds et al., 2002). The infiltrometers 25 cm high and with 60 cm and 30 cm diameters of outer
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and inner rings, respectively, were inserted to 10 cm depth with the remaining 15 cm above ground. Soil
moisture storage was determined by adding amount of water available in different soil layers at 75 and 145 days
after sowing.

2.4 Rice and Wheat Yield and Statistical Analysis

The straw and grain yield of wheat and rice was recorded separately for each treatment plot and end yield was
calculated as t ha. Statistical analysis was performed using an analysis of variance with statistical software
CPCS1 (Cheema & Singh, 1991). Least Significant Difference (LSD) test at P < 0.05 unless otherwise
mentioned.

3. Results
3.1 Bulk Density and Porosity

Soil bulk density did not varied significantly among different tillage and residue management practices in both
the soils (Table 1). Maximum soil bulk density (Mg m™) was observed in HS (1.57) followed by NT (1.56) and
RT (1.55) at 0-15 cm soil depth in SL soil. Differences in soil bulk density were observed to be non significant
even at lower soil depth i.e. 15-30 cm but with higher values. In LS soil maximum bulk density (Mg m™) was
observed in HS (1.58) followed by RT (1.56) and NT (1.55) at 0-15 c¢m soil depth. However, at lower soil depth
(15-30 cm) the trend of change in bulk density (Mg m™) was opposite as compared to surface soil layer and
maximum values was observed in NT (1.74) followed by RT (1.72) and HS (1.70). Soil porosity varied under
different tillage practices. In SL soil porosity (%) varied from 40.6 (HS) to 41.2 (RT) in 0-15 cm depth (Table 2).
At subsurface depth porosity decreased to 13% as compared to surface soil. However, no change in porosity was
observed at lower soil depths (15-30 ¢cm) in SL soil. In LS soil maximum porosity (%) was observed in NT (41.7)
followed by RT (40.9) and HS (39.8) at 0-15 cm depth. However, at 15-30 cm depth maximum porosity was
observed in HS (36.4) followed by RT (35.9) and NT (34.3).

Table 1. Effect of tillage on bulk density (Mg m™) in sandy loam and loamy sand soils

Sandy loam Loamy sand
Tillage practice Soil depth (cm)
0-15 15-30 0-15 15-30
NT 1.56 1.71 1.55 1.74
RT 1.55 1.71 1.56 1.72
HS 1.57 1.72 1.58 1.70
LSD (< 0.05) NS NS NS NS

Table 2. Effect of tillage on porosity (%) in sandy loam and loamy sand soils

Sandy loam Loamy sand
Tillage practice Soil depth (cm)
0-15 15-30 0-15 15-30
NT 40.8 35.5 41.7 343
RT 41.2 353 40.9 359
HS 40.6 353 39.8 36.4
LSD (< 0.05) 0.3 NS 0.8 0.6

3.2 Soil Penetration Resistance (PR)

Data pertaining to PR as affected by different tillage practices is presented in Table 3. Maximum PR (k Pa) was
observed in HS (2539) followed by RT (2512) and NT (2412) in SL soil. Whereas, in LS soil, maximum PR (k
Pa) was observed in RT (2603) followed by HS (2537) and NT (2433). The soil depth (cm) of maximum PR was
observed to be highest in HS (20.1), followed by NT (19.7) and RT (18.1) in SL. However, in LS soil maximum
PR (K Pa) was recorded at 18.8, 19.0 and 20.5 cm soil depths in RT, HS and NT, respectively. However, no
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significant differences were observed in PR values in both the soils.

Table 3. Effect of tillage on penetration resistance (K Pa) in sandy loam and loamy sand soils

Sandy loam Loamy sand
Tillage practice
Soil depth (cm) PR (K Pa) Soil depth (cm) PR (K Pa)
NT 19.7 2412 20.5 2433
RT 18.1 2512 18.8 2603
HS 20.1 2539 19.0 2537
LSD (< 0.05) NS NS NS NS

3.3 Infiltration Characteristics and Soil Profile Moisture Storage

Data pertaining to changes in infiltration characteristics with tillage practices is given in Table 4. Maximum

initial infiltration rate (cm hr'') was observed in RT (8.0) followed by NT (7.8) and HS (4.6) in SL soil. Whereas,

in LS, maximum initial infiltration rate (cm hr™") was observed in RT (19.6) followed by NT (14.9) and HS (12.4).
The final infiltration rate (cm hr') was observed to be maximum in NT (0.3), followed by HS (0.2) and RT (0.1)

in SL soil. In LS soil, maximum final infiltration rate (cm hr'') was recorded under HS (0.8) followed by NT (0.7)
and RT (0.5). Significant differences in soil moisture storage were observed among different tillage practices

(Table 5). Maximum soil moisture storage (mm) was observed under HS (240 and 135) followed by NT (210 and

110) and RT (180 and 90) at 75 and 145 days after sowing respectively in SL soil. Similar soil moisture storage

trend under different tillage practices was observed in LS soil.

Table 4. Initial and final infiltration rate (cm hr'") as affected by tillage in sandy loam and loamy sand soils

Sandy loam Loamy sand
Tillage practice
IR (cm hr'") FIR (cm hr'") IIR(cm hr") FIR(cm hr")
NT 7.8 0.3 14.9 0.7
RT 8.0 0.1 19.6 0.5
HS 4.6 0.2 12.4 0.8
LSD (< 0.05) 2.7 NS 3.1 0.2

IIR = Initial infiltration rate; FIR = Final infiltration rate.

Table 5. Profile moisture storage (mm) as affected by tillage in sandy loam and loamy sand soils

Sandy loam Loamy sand
Tillage practice
75 DAS 145 DAS 75 DAS 145 DAS
NT 210 110 140 110
RT 180 90 120 90
HS 240 135 165 125
LSD (< 0.05) 35 30 20 25

DAS = Days after sowing.

3.4 Rice and Wheat Yield

Data pertaining to rice and wheat yield as affected by tillage practices is presented in Table 6. Maximum rice
straw yield (t ha) was observed in RT (9.3) followed by HS (9.2) and NT (7.6) in SL soil. Whereas, in LS,
maximum rice straw yield (t ha) was observed in HS (5.1) followed by NT (4.3) and RT (4.2). However, the
rice yield (t ha™) was observed to be maximum in RT (8.0), followed by NT (7.5) and HS (7.0) in SL soil. In LS
soil, maximum rice yield (t ha™) was recorded in RT (6.5) followed by NT (5.8) and HS (5.5). The wheat straw
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yield (t ha™) ranged from 4.9 (NT) to 5.9 (HS) in SL soil, however, this range was 4.0 (NT) to 5.2 (HS) in LS
soil. The wheat grain yield (t ha™) was observed to be maximum in HS (4.5), followed by RT (4.0) and NT (3.9)
in SL soil. In LS soil, the wheat grain yield was recorded to be maximum in HS (3.6) followed by RT (3.0) and
NT (2.7).

Table 6. Effect of tillage on rice and wheat yields (t ha™) in sandy loam and loamy sand soils

Sandy loam Loamy sand
Tillage practice Rice Wheat Rice Wheat
Straw Grain Straw Grain Straw Grain Straw Grain
NT 7.6 7.5 4.9 3.9 43 5.8 4.0 2.7
RT 9.3 8.0 53 4.0 42 6.5 4.1 3.0
HS 9.2 7.0 5.9 4.5 5.1 5.5 52 3.6
LSD (<0.05) 1.4 NS 0.6 NS NS NS 0.5 NS

4. Discussion

Tillage significantly affects soil physical characteristics and crop yields. Soil moisture storage was observed to
maximum under HS due to mulching effect, interception of rainfall and reduction of runoff caused by loose
straw and standing rice stubbles. These results are consistent with those reported by others researchers
(Mahboubi et al., 1993; Diaz-Zorita et al., 2002; Bhattacharyya et al., 2008). Minimum soil profile moisture
storage was observed under NT where whole of the crop residue was removed after paddy harvesting. Due to
favorable moisture conditions, wheat yield was observed to be maximum under HS. As rice was transplanted
under puddled soil conditions, thus, no significant residual effects of tillage imposed in wheat was observed in
rice. Due to no till soil conditions and less pulverization the bulk density was observed to be higher under HS in
surface soil layer. Similarly, Ram et al. (2010) reported higher bulk density in conservation tillage due to
undisturbed soil surface leading to soil compaction. The effect of tillage and residue management practices on
PR was observed to be non significant with slightly greater value under HS in SL soil. Similarly, Jabro et al.
(2008) observed higher PR under conservation tillage due to undisturbed or unloosened condition of soil. The
water transmission characteristics also did not show any significant change due to tillage and residue
management practices, the reason may be short period of imposing different tillage and residue management
practices in experiment. In long term experiment, changes may be expected in PR as well as water transmission
properties of the soil.
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