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INTRODUCTION 

Via regulating plant water status and indirectly 

through its impact on nutrient transport, 

uptake, transformation, aeration and 

temperature, soil water directly affects plant 

growth. Soil water status and its movement in 

soil is critical for optimum plant growth and 

has practical implications in agricultural, 

environmental and hydrological situations (Ali 

& Turral, 2001; & Ali, 2010a). There is a need 

to measure sufficient and reliable information 

on soil hydraulic properties that play an 

important role in implementing effective water 

management practises that are capable of 

improving the efficiency of input usage and 

alleviating soil output constraints.  
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ABSTRACT 

Zero tillage has the ability to enhance the soil's hydrological properties in the long run. It is the 

most critical aspect of agriculture for conservation. The need for an hour is conservation 

farming. It is a win-win operation for farmers as well as for the environment. Although green 

revolution technologies introduced in the country during 1966-67 led to food security, intensive 

cultivation, inadequate and imbalanced use of fertilisers, high yielding crop varieties, the use of 

heavy machinery, excess tillage, etc., for more than five decades resulted in deterioration of soil 

health and quality and altered the physical matrix and thus hydrological properties. There is a 

great lack of a systematic approach to linking tillage practises to soil hydrological properties. 

Soil hydrological characteristics are highly affected by management practises. Tillage aimed to 

create a soil environment favourable to plant growth on a short-term basis, but noted negative 

effects on soil properties, structure and ultimately hydrological properties of soils on a long-term 

basis. Keeping all of these under consideration, this analysis is compiled to create a perfect 

tillage scheme, i.e. zero tillage, which eliminates the adverse effects of tillage and retains soil 

resources and eventually contributes to sustainable agriculture. The influence on soil 

hydrological characteristics, however, depends on the site-specific biophysical environment, 

such as soil texture, prevailing climate variations, site characteristics, adoption period, and 

seasonal rainfall variability. 
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Both water retention and water transfer 

characteristics of soils include hydraulic 

properties. The soil's water retention and 

transmission properties are influenced by the 

texture, structure, quality of organic matter, 

soil compaction, soil solution concentration 

and composition (Hillel, 1982). The soil's 

water retention characteristics describe the 

capacity of the soil to store and release water 

and are described as the relationship between 

the content of soil water and soil suction or 

matric potential. Water retention involve field 

capacity, saturation capacity, plant available 

water, permanent wilting point, etc., while 

water transmission properties include 

infiltration, hydraulic conductivity, 

percolation, etc. The hydraulic properties also 

provide useful information regarding land-use 

assessment, estimate of drainage, chemical 

leaching and effect of pollution on the 

subsurface ecosystem (Klute & Dirksen, 

1986). Soil hydraulic characteristics are 

therefore very critical for determining the 

movement of soil water and the status of 

developing sustainable soil development 

strategies. Zero tillage has significant and 

beneficial implications for the soil 

hydrological properties due to addition of 

more organic matter in form of crop residues. 

Zero tillage therefore tends to be a feasible 

management choice for all soil hydrological 

resources to be preferred. The physical matrix 

and thus the hydraulic properties of soils can 

be altered by tillage and crop residue 

management. The hydraulic conductivity of 

soils under zero tillage has been found to be 

higher (Mahboubi et al., 1993, & Mielke et al., 

1984) compared to soils under conventional 

tillage. In contrast to traditional tillage, 

infiltration rate and saturated hydraulic 

conductivity were found to be greater in soils 

subject to zero tillage (Dao, 1993, & Mielke et 

al., 1984). The addition of residues to the soil 

(Barzegar et al., 2002) under zero tillage can 

also improve infiltration, as well as water 

retention of the soil. There are but a few 

studies which have examined the effect on soil 

hydraulic properties of long-term tillage and 

crop residue management. Mahboubi et al. 

(1993) found that, twenty-eight years after 

developing tillage treatments on a silt loam in 

Ohio, zero tillage resulted in higher saturated 

hydraulic conductivity and greater retention of 

water compared to traditional tillage. Twenty 

years after developing tillage treatments in 

Alberta, Chang and Lindwall (1989) did not 

observe any improvement in saturated 

hydraulic conductivity and water retention of a 

clay loam, but they noticed that infiltration 

was greater for zero tillage versus traditional 

tillage. After around 12 years of zero tillage 

versus traditional tillage in northern British 

Columbia, Arshad et al. (1999) found 

infiltration and water retention of a silt loam to 

be greater. In comparison to the above studies, 

Heard et al. (1988) found that when subjected 

to 10 years of tillage, the saturated hydraulic 

conductivity of a silty clay loam was greater 

than that of zero tillage in Indiana. They 

related the higher conductivity of tilled soil to 

larger or a greater number of voids and cracks 

created by the tillage implement. Studies 

which document the impact on soil hydraulic 

properties of long-term tillage and crop residue 

management are even rarer. In one such 

analysis, Sharratt (1996) discovered that a silt 

loam retained more water and had higher 

saturated conductivity compared to traditional 

tillage after being subjected to seven years of 

zero tillage. We are unaware of other long-

term studies that have explored the effect of 

tillage and residue management on soil 

hydrological properties, so characterising soil 

hydraulic properties under zero tillage is the 

aim of this study. 

 As they save energy and provide 

optimal soil conditions for sustainable crop 

production and reduced cultivation costs, 

conservation tillage practises like zero tillage 

or limited soil disturbance and residue 

retention on the soil surface are becoming 

economically and ecologically viable options. 

Conservation tillage is now considered a 

promising alternative to conventional tillage 

practise (Teklu, 2011). Conservation tillage is 

a promising alternative to traditional tillage 

practise. Long-term zero tillage improves the 

status of soil organic carbon and modifies soil 
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pore geometry that ultimately affects soil 

hydraulic conductivity, infiltration rate, water 

retention capacity, etc. The effects of zero 

tillage, however, are highly variable across 

climate, soil type and depth, cropping system, 

and vary widely with the system's adoption 

period. Tillage can be defined as the physical 

manipulation of soil through a range of 

cultivation operations aimed at creating a soil 

environment favourable to plant growth, either 

manually or by complete machinery (Lal, 

1979; Klute 1982; & Ahn & Hintze, 1990). 

Conventional tillage is the conventional 

cultivation method where, with tractor-driven 

ploughs (primary tillage implements), a few 

inches of the upper soil is completely inverted, 

followed by subsequent smoothening of the 

soil surface by secondary tillage implements. 

The traditional tillage method is associated 

with two elements, the inversion of soil and 

the burial or removal or burning in situ of crop 

residue. Conservation tillage, on the other 

hand, does not invert the soil, and produces 

'nil' or 'minimum' soil disturbance. 

Conservation tillage is defined as any tillage 

and planting system, according to the 

Conservation Technology Information Center 

(CTIC), that leaves at least 30 percent of the 

soil surface covered by residue after planting. 

Conservation agriculture encompasses three 

concepts, namely (1 ) direct planting of crops 

with minimal soil disturbance (no-till or 

minimal till), (2) permanent soil covering or 

covering crops with crop residues (at least 

30% of the soil surface) and (3) crop rotation 

(rotational crops, pulse / legume inclusion) 

(FAO, 2011; & Hobbs et al., 2008). As one 

would expect, the impact on soil hydrological 

characteristics of conventional and zero tillage 

could differ greatly. Mondal et al. (2018b) 

stated that the transition, however, varies 

widely with climate, land, agro-management 

and tillage system adoption period. 

Impact of zero tillage on hydrological 

properties of soils 

Soil Porosity 

In order to understand water and air movement 

in the soil, knowledge of soil pore geometry 

and distribution is necessary. The hydraulic 

characteristics of the soil depend entirely on 

the distribution of pore sizes. Factors that 

determine the rate of water absorption and 

transmission at the time of measurement are 

the soil moisture condition and pore stability 

as altered by tillage systems. Wahl et al. 

(2004) recorded higher amounts of macro-pore 

(>1 mm) in CT in the 0-30 cm soil layer, but in 

conservation tillage, the vertical continuity of 

macro-pore was greater. From air and water 

permeability, a soil's ability to achieve 

ecological functions in an agroecosystem can 

be predicted. Air permeability is more 

adaptive and can be an indication of shift in 

pore system due to various management 

practises (Schjønning et al., 2013). Continuous 

macro-pores are favoured by both air and 

water permeability (Iversen et al., 2003) and 

potential predictors (Blanco-Canqui et al., 

2007), while soil compaction can severely 

limit the flow of air-water (Reichert et al., 

2009; & Schjønning et al., 2013) and 

adversely affect root growth (Krebstein et al., 

2014). The infiltration is affected by soil pores 

of different size, shape and continuity, 

maintaining the air-water ratio balance and 

determining the ease of soil for root growth 

(Kay & Vanden Bygaart, 2002; Pagliai & 

Vignozzi, 2002; & Sasal et al., 2006). To 

remember, the notion of structural hierarchy 

includes water flowing through linked pores 

(Dexter, 1988; & Dexter et al., 2008). Tillage 

has a major effect on the porosity of the soil 

again (Shipitalo et al., 2000; & Lipiec et al., 

2006). It is understood that aggregates are 

broken down by tillage, leading to pore 

continuity obliteration, and soil pores are 

gradually created by rearrangement after rain 

or irrigation of soil particles. On the other 

hand, biological activity is the primary cause 

of pore formation in no-tilled soil. No tillage 

favours the development of decayed root 

canals, bio-pores, earthworm and other macro-

fauna burrows, and macro-pore networks, 

cracks and other structural voids from which 

much of the water flows deeper into the profile 

of the soil (Gerke, 2006; & Jarvis, 2007). The 

geometry of pores has a prominent role in soil 

compressibility. Immediately after the tillage, 
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the macro-pores formed by tillage are unstable 

in nature and mostly efficient (Dexter, 2004b). 

In comparison, pore network in zero tillage is 

less prone to destruction and promotes water 

drainage and aeration despite compaction 

(Wahl et al., 2004; & Schäffer et al., 2008b). 

Especially in the plough layer, the CT system 

generally brings lower bulk density and greater 

porosity, while zero tillage increases the 

density of the surface soil and decreases total 

porosity. Changes in total porosity depending 

on the type of soil are related to the change in 

pore geometry. The water potential of the soil 

was increased by increased capillary porosity 

in limited or no-tilllage (Wang et al., 2004; & 

Glab & Kulig, 2008). Also reported was 

increased capillary porosity in conventional 

tillage (Tangyuan et al., 2009). In New 

Zealand silt loam soil, total porosity under 

zero tillage decreased after 10 years (Horne et 

al., 1992), whereas for both silt loam and 

sandy loam of the north-western Canadian 

prairies the amount of micro-pores was 

slightly lower than traditional tillage (Azooz et 

al., 1996). Better aggregate stability resulted in 

higher total porosity in zero tillage system than 

conventional tillage (Busari et al., 2015). Thus, 

the undesirable effects of higher bulk density 

are compensated by greater numbers of macro-

pores and pore continuity in reduced or zero 

tillage. Soil compaction and not the total pores 

were adversely affected only by larger pores 

(> 6 mm) (Capowiez et al., 2009). In the 30 

cm deep plane, substantially fewer pores were 

reported than in the above and below layers. 

Zero tillage resulted in lower macro-pore (> 30 

μm) volume on sandy and silty loam soils 

under similar conditions, but greater volume 

on sandy loam soil (Schjønning & Rasmussen, 

2000). 

Hydraulic conductivity and infiltration rate  

One of the most relevant parameters for water 

flow and chemical transport phenomena in 

soils is known to be saturated hydraulic 

conductivity (Reynolds et al., 2002). The 

physical properties of soil bulk density and 

effective porosity that affect hydraulic 

conductivity are commonly calculated 

(Strudley et al., 2008; & Jabro et al., 2009). 

Highly variable soil properties in both space 

and time (Coutadeur et al., 2002) are saturated 

and unsaturated hydraulic conductivity. 

Unsaturated conductivity is a function of the 

content of soil water and, with little change in 

the content of soil water, can change 

considerably (Strudley et al., 2008). Tillage 

can change the distribution of surface 

roughness, aggregation, porosity and crop 

residue. All these changes influence the 

hydraulic features of the soil. While bulk 

density and porosity are the two widely 

measured physical properties of the soil that 

affect soil hydraulic processes, a clear 

understanding of pore geometry and continuity 

can provide an essential inside to identify the 

effects of tillage on these properties (Kutilek, 

2004). With the amount of total porosity, the 

infiltration rate may increase or decrease, but it 

may not always be true if the cohesion of 

larger pores is disrupted. The results of tillage 

are not consistent with the form, length and 

depth of tillage and are widely varied. Tillage 

usually makes the soil more available to water 

and air. Immediately after tillage, soil 

hydraulic conductivity improves and gradually 

decreases over the season (Schwartz et al., 

2003; Bormann & Klaassen, 2008; & Petersen 

et al., 2008) and this decrease could be 

attributed to increased bulk density (Mellis et 

al., 1996) in conjunction with a concomitant 

decrease in conductive meso-pores (Messing 

& Jarvis, 1993). Strudley et al. (2008) 

emphasised the need for irrigation or rainfall 

impact studies on hydraulic properties of 

recently tilled soil. At the end of the first year, 

Busari and Salako (2012) had higher 

infiltration rate and unsaturated hydraulic 

parameters under conventional tillage than 

zero tillage, but less during the second year. 

This initial greater infiltration was due to the 

presence of rapidly draining macro-pores, 

which subsequently decreased due to soil 

particle settlement (Martínez et al., 2008; Pikul 

& Aase, 2003; & Shukla et al., 2003a). In the 

cropping systems that have implemented zero 

tillage for many years, soil infiltration has 

increased (Azooz & Arshad, 1996). One of the 

contributing factors may be the rise in 
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earthworm populations. The rate of infiltration 

and earthworm population in the zero tillage 

system was considerably higher (West, 2001). 

Under the zero tillage, the channels created by 

earthworms and decayed roots remain largely 

unchanged and thus, even under high bulk 

densities, higher hydraulic conductivity is 

achieved (Osunbitan et al., 2005). Zero tillage 

on the soil surface with crop residue retention 

will increase water penetration (Shaver et al., 

2002), decrease erosion and improve the 

quality of water usage (Johnston & Bailey, 

2002) compared to traditional tillage. Due to 

drier soil surface in conventional tillage as 

compared to zero tillage, a higher infiltration 

rate was reported in conservation tillage except 

for initial growth stage (Das et al., 2018). Over 

time, however, the slaked soil particles have 

blocked the pores that cause surface sealing in 

conventional tillage (Kahlon et al., 2013). 

Residues under zero tillage minimise rain 

drops or irrigation water's kinetic energy and 

reduce the risk of slaking and surface sealing 

(Kahlon et al., 2013). Residues under zero 

tillage further decompose and increase the 

SOC material, which leads to soil aggregate 

formation and stabilisation. Nyamadzawo et 

al. (2007) reported a higher rate of infiltration 

under fallow compared to continuous maize, 

likely due to the revival of soil physical 

properties by fallowing. Better pore 

connectivity, decayed root channel presence 

and vertical cracks (Alvarez & Steinbach, 

2009; Mupangwa et al., 2013; & Huang et al., 

2015a) and earthworm holes can radically 

change soil hydraulic characteristics (Busari et 

al., 2015; & Castellanos-Navarrete et al., 

2012). Even though overall porosity was 

lower, greater pore consistency, mainly the 

macro- and meso-pores, significantly 

increased soil infiltration (Nielsen et al., 

2005). Guerif et al., (2001) and Beven and 

Germann, (2013) have documented the role of 

macro-pores in rapid infiltration under ponded 

conditions (preferential flow) in studies. Lin et 

al. (1996) estimated that approximately 89 

percent of the overall water flux in the soil 

belonged to 10 percent of macro-pores (> 0.5 

mm) and meso-pores (0.06–0.5 mm). In order 

to improve hydraulic conductivity and 

infiltration rate, the adoption of reduced tillage 

has also been reported (Horn & Smucker, 

2005; Bhattacharyya et al., 2006a; Alvarez & 

Steinbach, 2009; & Parvin et al., 2014) due to 

increased biological activity and numerous 

macro-pores connected to the surface. 

Compared with traditional tillage in the 

alluvial soil of the semi-arid subtropics, 

McGarry et al. (2000) observed an 

improvement in hydraulic conductivity and 

infiltration rate under zero tillage. In some 

tests, the infiltration rates of ZT plots were 

either comparable (Ankeny et al., 1990) or 

even lower (Gómez et al., 1999; & Rasmussen, 

1999) compared to tilled soil. No improvement 

in soil infiltration rate was observed by Sasal 

et al. (2005) in ZT, while aggregate stability 

increased by 30 percent compared to CT. In 

traditional terms, Kumar et al. (2000) observed 

greater specific water intake compared to zero 

tillage in Haryana's clay loam soil. Bodner et 

al. (2008) investigated the impact on hydraulic 

properties of various cover crop canopy and 

residue coverage and found substantial 

increases in hydraulic conductivity over the 

bare soil while continuous cultivation 

decreased hydraulic conductivity even for the 

root region. Bhattacharyya et al. (2006 a) 

found a substantial increase in hydraulic 

conductivity in zero tillage as compared to 

traditional tillage practise after rice crop under 

rice-wheat method and attributed to better 

porosity and pore size distribution resulting 

from the increased root biomass and crop 

residues under zero tillage as well as 

maintenance of pore continuity due to better 

aggregates stability and pore geometry. In the 

increase of pore continuity, activity and 

population of soil organisms also played an 

important role. 

Maximum water holding capacity 

Appropriate land management practises such 

as zero tillage have the ability to increase the 

optimum capacity for water holding. When it 

is fully saturated and is a measure of total 

porosity, the overall water holding capacity of 

the soil is the volume of water retained by the 

soil. Soil properties, such as soil compaction, 
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soil composition, distribution of pore size and 

biological activities, influence the soil's water 

retention and release ability. In zero tillage, the 

addition of organic matter to the soil due to 

crop residues typically increases the soil's 

water holding capacity. Water holding 

capacity in the soil increased by 3.7 percent 

for every 1 percent rise in soil organic matter 

(Hudson, 1994). Increased organic matter due 

to crop residues and no soil disturbance 

increases soil particle aggregation, resulting in 

large amounts of soil micropores and 

macropores (Reicosky, 2005). Stepniewski et 

al. (1994), by increasing saturated hydraulic 

conductivity and water holding capacity under 

better soil structure due to higher macro and 

micro porosity of soils, pragmatic 

improvement in soil hydraulic properties. 

Soil Profile Moisture 

Under zero tillage and mulched conditions, 

Bhatt and Khera, (2006) recorded greater 

moisture content. Based on the results of five 

years of experimentation on zero wheat tillage 

in the Haryana rice-wheat cropping system, 

zero tillage was found to result in higher upper 

soil surface moisture content compared to 

traditional tillage systems. Similarly, there was 

no tilled soil in the topsoil with a higher 

moisture content than the ploughed soil 

(McVay et al., 2006).  

Soil Moisture Retention 

Intensive tillage affected the properties of the 

soil and resulted in lower water and nutrient 

availability (Kumar et al., 2013), resulting in 

reduced yield (Hou et al., 2012; & Chan & 

Heenan, 2005). During the tillage process, 

crop residue removal from the soil surface 

before tillage or residue incorporation leaves 

no residue mulch on the soil surface and 

aggravates the evaporation of soil water. 

Conservation tillage preserves at least 30 

percent of surface coverage with crop residue 

or cover crops, and has become popular as the 

best soil and water conservation management 

method (Corsi et al., 2012). Zero tillage can 

maintain agricultural productivity in water-

deficit arid and semi-arid regions due to its in-

situ moisture conservation (Ngigi et al., 2006). 

For successful crop production, minimum root 

impedance and adequate soil moisture are 

necessary. Radiation is intercepted by crop 

residue on the soil surface and soil evaporation 

is minimised (Jalota et al., 2006; Salado-

Navarro & Sinclair, 2009; Regina & Alakukku 

2010; & Van Wie et al., 2013) and soil 

moisture is conserved (Alletto et al., 2011; & 

Mondal et al., 2018b). In comparison, Su et al. 

(2007) reported higher evapotranspiration in 

zero tillage due to more vegetation. The 

number of storage pores was increased by zero 

tillage and minimal tillage (Pagliai et al., 2004; 

Bhattacharya et al., 2006a; & Mondal et al., 

2013) and thus retained higher plant water 

than traditional practise (McVay et al., 2006; 

Kargas et al., 2012; & Alvarez & Steinbach, 

2009). Zero tillage is marketed as a safer 

alternative to the conventional system because 

of an increase in the soil hydro-thermal 

climate (Fabrizzi et al., 2005). The increase in 

SOC content favoured the preservation and 

conservation of soil water (Murphy, 2015; & 

Mosaddeghi et al., 2009) and thus increased 

the capacity to retain water (Lampurlanés et 

al., 2016). Rawls et al. (2003) concluded that 

changes in the concentration of SOC may or 

may not affect the retention of water 

depending on the composition of clay and 

initial SOC composition. As slaking of soil 

aggregates and sealing of the soil surface is 

prevented due to absorption of rain drop effect 

energy by crop residue mulch, zero tillage 

decreases surface runoff. In order to improve 

soil moisture storage, studies have shown zero 

tillage as an efficient method (Moret & Arrue, 

2007; & Castellini & Ventrella, 2012). Hangen 

et al. (2002) indicated that, by minimising 

runoff, zero tillage on silty soils caused an 

improved water retention capacity. In zero 

tilled plots (5.07 and 4.86 cm after rice and 

wheat crops, respectively), Bhattacharyya et 

al. (2006a) recorded significantly higher plant 

water potential than conventionally tilled plots 

(4.23 and 4.21 cm after rice and wheat crops, 

respectively) in 30 cm of soil layer. Studies 

conducted by Vanapalli et al. (1999) and Zhou 

and Yu (2005) have shown that the 

characteristic curve of soil water is dependent 

on many variables, such as soil structure, 
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texture and compaction. Soil moisture was 

maintained for the preservation of surface 

residues and minimal soil disturbances under 

zero tillage (Moreno et al., 2001; Boydaş & 

Turgut, 2007; & Zhang et al., 2007). In 

contrast to traditional tillage, zero tillage 

resulted in a 28 percent rise in soil water 

available to plants during sowing (Mc Garry et 

al., 2000). Under zero tillage, the storage of 

soil water was 25 percent higher than 

traditional, and plant water available was also 

significantly higher in the rice-wheat cropping 

system with zero than conventional tillage 

(Bhattacharyya et al., 2006b; Su et al., 2007; & 

Bhattacharyya et al., 2008). In comparison to 

traditional tillage in maize-wheat rotation, 

Sharma et al. (2015) recorded an increase in 

soil moisture content of 12.4 percent in maize 

and 16.6 percent in wheat under zero tillage. 

 

CONCLUSION 

Finally, we can conclude that long-term zero 

tillage practises enhance the hydrological 

characteristics of the soil and conserve soil and 

water for sustainable agriculture. The 1960s 

Green Revolution improved food production, 

but due to intensive cultivation, heavy farm 

machinery, excessive irrigation usage, and 

indiscriminate use of fertilisers and pesticides, 

there were strong confrontational effects on 

the climate, including depletion of SOC stock, 

increased risks of soil degradation by erosion 

and salinization, and deterioration of 

hydrological properties of soil. Because of the 

unparalleled rise in world population and rapid 

economic development, the number of food-

insecure individuals can increase. In addition, 

due to growth in popularity, soil depletion, 

urbanisation, and other competing uses, the per 

capita cropland region is also declining. The 

stratagem is therefore to balance food 

production demand with the need for soil 

regeneration and reduction of the 

environmental footprint of agro ecosystems. 

By following sustainable practises such as zero 

tillage, this can be done. The strategy is to 

improve soil quality by restoring SOC stock, 

improving the productivity of inputs for usage, 

narrowing the yield gap and implementing 

sustainable agro ecosystem intensification 

systems. The goal is to generate more from 

less soil, less water usage, less fertiliser and 

pesticide production, and less energy 

consumption. In order to transform scientific 

information into effect, the much needed 

paradigm change will also entail defining and 

enforcing effective policies. Zero tillage is one 

of the best choices, properly applied, with the 

ability to enhance all soil hydrological 

properties, preserve soil and water, and sustain 

productivity. By designing site-specific 

packages and informing the agricultural 

community and the general public about the 

merits of zero tillage and stewardship of soil 

resources, its implementation can be 

strengthened. 
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