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INTRODUCTION
Sustainable agriculture As a natural resource for the future ofmankind, soils must be managed in a sustain-able manner. Thus, to preserve agriculture forfuture  generations, it is fundamental to de-velop production systems that conserve andenhance soil quality (Doran & Zeiss, 2000).Farmers concerned about the environmen-tal sustainability of their crop production sys-tems and the ever-increasing productioncosts have begun to adopt and adapt im-proved system management. Practices, whichhave led to the ultimate vision of sustainableagriculture (Verhulst et al., 2010). To achievesustainable agriculture in terms of produc-tion and environment, it is necessary to con-sider soil as the main production base. In fact,sustainable agriculture is a kind of agricul-ture that is in the interest of mankind, is moreefficient in the use of resources, and shouldalso be ecologically appropriate and econom-ically justifiable (Celik, 2011).Tillage hasbeen an integral component of crop produc-tion systems since the beginning of agricul-ture. The process of tilling or preparing thesoil was greatly refined with the invention ofthe first plow by the Chinese in the sixth cen-tury B.C., and since then, various types oftillage equipment and systems have been de-veloped for seedbed preparation and cultiva-tion.
Conservative agricultureSoil erosion reduces the potential fertilityof farmlands by degrading and reducing thedepth of surface soil. Nowadays, the introduc-tion of agricultural equipment has enabled usto do soil tillage more readily, but this will de-stroy the soil structure and the amount of or-ganic matter in the soil. Conservativeagriculture (CA) is a type of farming that, inaddition to product development, protectsthe environment and prevents the contami-nation of resources. CA can improve the phys-ical properties of soil, especially thepenetration and storage of water, porosity,and soil structure and can also reduce soil

erosion and compaction, balance soil temper-ature, and ultimately improve yields. CA has three main components: (i) no orminimum disturbance of soil by no or mini-mum tillage; (ii) permanent coating of soilsurface by bio-residues; and (iii) proper croprotation through diversity in annual prod-ucts, using shallow products or appropriateplant species in perennial cropping systems(Indoria et al., 2017).
Conservative agriculture and tillageProper tillage improves soil structure andincreases porosity. It can also lead to a betterdistribution of aggregate and the reduction ofsoil compaction (Speratti et al, 2015). Theoverall effect of tillage depends on soil type,soil moisture, type of tillage equipment, andthe number of replications of tillage opera-tions. The most important disadvantage oflong-term tillage is the destruction of soilstructure due to the reduction of soil organicmatter and humus content (Jiang et al.,2011). So, sever tillage is one of the main fac-tors in reducing the amount of organic matterin soils, which changes the health of the soilundesirably. Depending on soil softness, it af-fects many physical properties of soil such asbulk density, soil penetration resistance, pen-etration rate, storage capacity, soil moisture,air flow, and soil heat (Mohanty et al., 2007).In conventional tillage (CT), plant residuesreplace surface soil with deep plowing. Theresults are the reduction in soil porosity andthe loss of organic matter. Regardless ofmaintaining soil sustainability, conventionaltillage causes problems such as soil com-paction due to the use of machinery andequipment, soil erosion due to the removal ofplant residues, energy consumption, and highcosts. The presence of crop residues in-creases the activity of various soil microor-ganisms that are effective in the formation ofstable aggregates. It can also reduce com-pression and crusting on the surface and soildegradation. Generally, in CA, crop residuesimprove physical properties and reduce thenegative effects of conventional tillage (Indo-
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ria et al., 2017). Because it reduces the impactof raindrops on soil particles, acts as an insu-lator for soil and thus reduces evaporation,reduces the effect of wind erosion, increaseswater productivity, and reduces surfacerunoff damage. Therefore, covering fieldswith crop residues in CA can improve produc-tivity in the long run. The positive effect of thecoverage of the crop residues in a region de-pends on the biophysical factors such as soiltype, topography, intensity and amount ofrainfall, wind speed, temperature, soil surfacecover, and the dominant crop pattern (Indo-ria et al., 2017). According to the FAO defini-tion, conservation tillage refers to “a set of
operations that put crop residues on the sur-
face to increase water penetration and reduce
erosion” (FAO, 2007). Conservation tillage op-erations can be seen as a step towards CA andsustainable development agriculture. In con-trast to the negative effects of the traditionalmethod, the use of reduced tillage (RT) andno-tillage (NT) methods in conservationtillage has several advantages including re-ducing the movement of agricultural machin-ery, soil tillage, and amount of waterconsumed; saving fuel, energy consumption,and inputs; saving time; stabilizing moistureand temperature; reducing production costs;improving aggregate stability, soil organicmatter, soil ventilation, water penetration,and field capacity; reducing water require-ments and environmental pollution; the pres-ence of plant residues in the surface layers;reducing bulk density and crusting; and con-trolling erosion (Mrabet, 2002; Indoria et al.,2017).
The effect of conservative agriculture on soil
physical propertiesMany research works have reported the im-pact of CA on the physical properties of soil.Most have reported the reduction of moistureand surface runoff of the soil, the increase inthe penetration of soil water, and the de-crease in the evaporation; while other desir-able changes, such as improvement in soilstructure, soil porosity and organic matter,

occur over the long run (Indoria et al., 2017).CA reduces the effect of many restrictions re-lated to the degradation of soil physical prop-erties, such as soil compaction, soildestruction, soil crusting, and the reductionof soil organic matter. Some important phys-ical parameters of soil affected by CA are de-scribed below.
a- Soil structure and aggregateThe evaluation of soil structure is often de-pendent on the measurement of the sustain-ability of its building blocks (aggregates).Aggregate stability creates interactions be-tween the environment, management opera-tions, and user patterns (Zhang et al., 2008)which is defined by such features as size,shape, empty space, pore connection, waterretention capacity, organic and inorganicmatters, and the ability to maintain plant’sroot (Verhulst et al., 2011). According to re-searchers, for a proper culture bed, the aggre-gate size should not be less than 0.5 mm andgreater than 6 mm (Bronick & Lal, 2005). Ag-gregate stability is defined by using meanweight diameter (MWD) (dry and wet), geo-metric mean diameter (GMD), and water- sta-bility aggregate (WSA%). Aggregate stabilitydepends on soil texture (Bronick & La, 2005),soil biological activity (Oades, 2005), and theuse of inputs. Tillage operation due to soildisturbance and the impact on the amount oforganic matter and its distribution across thesoil profile can be effective in aggregate sta-bility and ultimately in MWD. Several studieshave reported the effects of tillage on soilstructural properties, especially the stabilityand distribution of aggregate size in differentsoils and climates (Curaqueo et al., 2011;Jemai et al., 2012). The difference in aggre-gate stability under different uses dependson human activities and cultivation opera-tions (Zhang et al., 2008). In CA, aggregatestability often leads to the following: (i) main-taining organic residues on the soil surface,which reduces aggregate separation anddegradation; (ii) organic matter decomposi-tion increases the aggregate formation

Role of Conservative Agriculture in  ... / Doaei et al.
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Role of Conservative Agriculture in  ... / Doaei et al.process; (iii) it does not increase soil fungiand microbes; (IV) increasing soil com-paction makes the aggregate more resistantto changes (Indoria et al., 2017). Here, the ef-fect of three CA bases on aggregate stabilityis investigated.
Effect of tillageThe type and severity of the effect of soiltillage method on soil physical quality de-pend on management type, usage time,tillage type, soil type, tillage depth, and cli-matic conditions of the area. NT operationsand residues conservation improve the dis-tribution of aggregates, keep water, and re-duce erosion (Zuber et al., 2015). In a9-15-year study of the sandy loam soil inNigeria, the highest and lowest amounts ofaggregate stability indicators were obtainedin NT and CT operations by using the water-stability aggregate, respectively. The resultsshow that NT and RT operations outperformCT operations in improving aggregate stabil-ity (Sauwa et al., 2013). The researchersnoted that virgin soil had more stable aggre-gates than cultivated soils (Gajici et al., 2010).The effects of tillage on soil aggregates are: 1)Physical disruption of the soil structure re-sulting from tillage causes the aggregate tobreak down and increase the amount of ag-gregate change and decrease the stability. 2)Tillage causes the roots to crush; this is themain basis for the creation of fine aggregates.3) Crop residues on the soil surface in CA pro-tect against the effects of raindrops. 4) Duringthe tillage, changes occur in the amount ofsoil organic matter, and these changes affectthe stability of large aggregates (Verhulst etal., 2011). RT operation reduces the risk ofsoil erosion compared with deep plowing,improves the stability of aggregates, andmaintains more soil moisture. Organic mat-ter, plant residues, and non-manipulation ofsoil in NT compared with CT increase the sta-bility of aggregates and improve soil quality,organic matter, aggregate stability, theamount of soil nutrients, and yield (Mrabet,2002). Abdollahi & Munkholm (2013) stud-

ied soybean during a ten-year period andshowed that NT operations increased the sta-bility of small and large aggregates and theamount of organic matter in the soil in thelong run. There was also a great correlationbetween the stability of aggregates and soiltexture (AlKaisi et al., 2014). Pinheiro et al.(2004), in a series of studies on four no-tillage, plowing with plows, conventionaltillage and barren land, concluded that aggre-gates larger than 2 mm were an appropriateindex to study the effect of tillage type on thestability and consistency of the aggregates. Inthis study, there was a significant differencebetween MWD and GMD at depths of 0-5 and5-10 cm. An investigation into the effects ofdifferent treatments of CT on a four-yearwheat-maize system in Urmia showed thatthe highest crop yield was due to subsoilingoperations (Tabiezad et al., 2017). The sub-soiling operations and tillage with rotary hada significant effect on MWD. On the otherhand, subsoiling operations and tillage withchisel had a significant effect on the WSA.Emadi et al. (2009) reported that althoughaggregates with a diameter of less than 0.5mm were dominant in agricultural soils,MWD in the virgin soil was more than that inthe agricultural soils with large aggregates(diameter greater than 1 mm). The results ofMousavi Booger et al. (2014)’s study on theeffects of three tillage methods (no-till, min-till, and conventional-till) and three breadwheat cultivars assigned to the main and sub-plots, respectively showed that no-till wassignificantly different from the other twomethods in aggregate particle size distribu-tion along with increasing aggregate stabilityindex such as mean weight diameter, geomet-rical mean of particle diameter, and waterstable aggregate index. Sauwa et al. (2013) onthe physical properties of sandy loam soil inMaiduguri, Nigeria after 9-15 years of man-agement showed that NT and RT treatmentshave promoted the physical quality of the soilversus the CT treatment. They recommendedthat other reduced tillage systems such as an-imal traction and ridge tillage be tried to as-
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Role of Conservative Agriculture in  ... / Doaei et al.sess their efficacy in improving soil physicalquality.Balan et al. (2010) showed that tillage treat-ments had significant effects on water stableaggregates (WSA) and the distribution of soilaggregate size. For 0-10 cm WSA and the dis-tribution of macro-aggregates (> 0.25 mm)were observed greater for conventionaltillage than in other tillage treatments. Underthis depth, the relative proportion of macro-aggregates was more in NT. Those two phys-ical properties increased with the increase insoil depth and also from sowing time untilwheat maturity. In general, both physicalcharacteristics improved with increasingdepth. It can be said that tillage withoutplowing can increase the water-stability ag-gregate (Brtoval & Badalikoca, 2011). Jiang etal. (2011) showed that CT tillage reduced theamount of aggregates whose diameters weregreater than 2 mm. Investigations show thatno-till practices seem to favor increasing ag-gregate stability and carbon stock accumula-tion in various dry aggregate. NT operationsincreased GMD and MWD at all three depthsof 0-5, 15-5, and 30-15 cm in the one-year ro-tation period (Manasseh & Ya`u, 2014). Astudy by Brtoval & Badalikoca (2011)showed that in a 4-year wheat-maize rotationperiod, RT increased the water-stability ag-gregate (WSA) and crop yield. During the NToperation along with keeping residues, con-ventional tillage with a return of residues,and a shallow plow with rotary, aggregateswith a size of greater than 2 mm were in-creased. Also, in the range of 25-0.25 mm, theMWD stability index and the SOC value inlarge and small aggregates were increased.The results showed that reducing soil disrup-tion, increasing the return of residues, andcombining these two methods could reduceerosion and increase the amount of organiccarbon in the soil (Liu et al., 2015). A 2-yearrotation period of wheat-maize in Zimbabwewith the NT operation increased aggregateswith a size of larger than 2 mm and de-creased aggregates with a size of smaller than0.053 mm at depths of 0-5 cm and 5-20 cm

and also increased SOC in aggregates with asize of larger than 0.25 mm at a depth of 0-5cm (Zhang et al., 2016). In other words, theaddition of residues to the soil increases SOCin soil volume and creates large aggregates(Ou et al., 2016).
Effect of crop residuesThe management of crop residues plays animportant role in the development and sta-bility of soil structure. It has been proven thatthe addition of organic material to the soil notonly causes aggregate formation but also re-duces the fracture of the aggregate by reduc-ing erosion and protecting from the effects ofraindrops; so it can improve the structure(Indoria et al., 2017). Reversing and crushingthe soil by repeating the plowing of plantresidues, through accelerating the organicmatter decomposition of the residues on thesoil surface, can protect the soil from erosion,prevent runoff, and increase the rate of waterpenetration. As a result, the amount of evap-oration from the soil surface and soil condi-tioning decreases (Nweke and Nabude,2015). But, soil porosity stability increasesthe water holding capacity and concentrationand amount of organic material in the upperlayers and can increase the yield of the prod-uct in the long run. In NT operations, the highamount of crop residues added annually tothe soil increases the process of forming sta-ble aggregates and increasing soil organicmatter in order to increase soil resistanceand also resistance to pore changes. The highbiological activity in CA also improves thestate of soil organic matter through variousmicroorganisms, which leads to the estab-lishment of a sustainable soil system by in-creasing aggregate size and facilitating thegrowth of the plant’s root to explore the soilspecification. Denef et al. (2002) found thatadding wheat (Triticum  aestivum L.) residuein the laboratory to three soils differing inweathering status and clay mineralogy in-creased both unstable and stable macroag-gregate formation in all three soils in theshort run (42 days).  
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Effect of crop rotationCrop rotation is required not only to pro-vide a “diet” for soil microorganisms but alsoto explore soil layers in order to find nutri-ents that have been leached into deeper lay-ers through leaching. Crops can recycle thesenutrients in rotation. Also, rotation can dis-turb the life cycle of pest species, biologicalstabilization of nitrogen, and pollution con-trol (Bhan & Behera, 2014). Plants can affectaggregates with their root systems indirectlybecause roots play an important role in con-trolling pathogens in large aggregates (Indo-ria et al., 2017). Soils under wheat cultivationhave larger grain aggregates than maize cul-tivation (Lichter et al., 2008) because wheat’sroot system has a horizontal growth, plantdensity for wheat is higher than maize, so itsroot system is denser on the surface, and thisdense network can affect the formation andstability of aggregates. Also, microbial bio-mass of soil and various bacteria can affectthe formation of aggregates; these factors arealso affected by crop rotation. In the 15-yearperiod of NT operations and the preservationof crop residues, the distribution of dry ag-gregate particles has increased in compari-son with CT (Govaerts, 2009). Aggregate particle size and aggregate sta-bility in conservation tillage under differenttypes of soil and agro-environmental condi-tions increased versus CT (Li et al., 2007). In-creasing the amount of aggregate particlesand its stability in conservation tillage maybe due to the presence of organic matter(root parts), which acts as a connecting agentfor soil particles (Bronick & Lal, 2005). InKasper et al. (2009)’s study on loam-sandsoil, the least amount of aggregate stability(18.2% and 18.9%, respectively) was ob-tained by the CT systems, but RT operationsshowed the highest aggregate stability(36.7%). Brtoval & Badalikoca (2011) foundthat both minimum tillage and deep soil loos-ening showed a positive effect on the studiedcrop yields (above all maize and winterwheat).

b. Soil organic carbon (SOC)Plant growth and its yield are affected bythe stability of the soil structure, reducing thetotal porosity, distribution of pore size, andthe amount of organic matter (Balan et al.,2010). Aggregate stability and soil structureare among the soil indicators directly relatedto soil organic matter (Bronick & Lal, 2005).Factors such as local climate, soil texture, hu-midity, and mineralogical profile of the areacontribute to the relationship between aggre-gate and SOC (Stevenson et al., 2005). As de-fined, the objective of agriculturalmanagement is to reduce erosion and in-crease the amount of SOC (Nath and Lal,2017). Reducing tillage improves the stabilityof aggregates, distributes the particle size op-timally, contributes to better degradation ofcarbon and nitrogen, and decreases bulk den-sity (Aziz et al., 2009; Kasper et al., 2009). Ag-gregate’s changes influence directly andindirectly soil organic matter, bulk density,and soil porosity (Lobe et al., 2001).There was a difference in organic mattercontent between plowed soils and virgin soil(Jiang et al., 2011). One of the causes of or-ganic matter loss in plowed soils is the break-ing of aggregates. Therefore, the degradationof soil organic matter increases and itsamount decreases. Jin et al. (2011) found thatthe tillage operation significantly reduced theamount of fine aggregates (more than 2 mm);the aggregate stability in the CT method com-pared to NT showed a reduction of 35 per-cent. The highest SOC values were observedfor aggregates of 1-0.25 mm (35.7 mg/kg and30.4 mg/kg for NT and CT), respectively;while the lowest SOC values were obtained infine aggregates (<0.025 mm) (19.5 mg/kgand 15.7 mg/kg for NT and CT, respectively).CT operations often degrade aggregates bydirectly or indirectly applying stress throughreducing the organic carbon content of thesoil. However, NT methods and conservationtillage with less soil manipulation and or-ganic soil enhancement improve the stabilityof aggregates. Zhang et al. (2008), found thatsoil stability was higher in the cultivated land
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than in the dry land. Also, the amount of or-ganic matter in soil was higher in the culti-vated land than in the barren area. They alsofound a significant correlation between or-ganic matter and aggregates. Mean weight di-ameter and geometric mean diameter werehigher in the cultivated soils than in the bar-ren area. c. Bulk density (Bd)Tillage is one of the most important opera-tions in determining bulk density, porosity,hydraulic conductivity, water penetration,and moisture content whose measurementsdepend on soil state. The effects of soil tillageand residue management on soil densitymainly depend on the soil surface (plowinglayer). The short-term effects of tillage on Bdare not clear and there is no significant dif-ference in Bd between NT and CT systems. Ittakes more than 15 years to achieve the de-sired effects of tillage. Li et al. (2007) showedthat the control of the tillage in the NT systemwas effective in reducing the probable freespace, and NT could reduce total porosity orincrease Bd during long-term experiments.Systems that have more crop residues on thesurface can reduce the amount of Bd and in-crease the total porosity compared to the sys-tems with less crop residues (Brtoval &Badalikoca, 2011). As already mentioned, theeffect of tillage decreases over time. CT sys-tems increase Bd depending on the amountand intensity of soil manipulation during var-ious soil operations in the long run. This re-duces the amount of water and nutrients (Qinet al., 2007). In the CT method, irrigation andrainwater increase Bd commensurate withthe amount and frequency of irrigation (Os-unbitan et al., 2005). Golchin and Askari(2004) reported that Bd in soils plowed witha chisel was 4-25 percent higher than soilswith no-tillage. Some researchers have re-ported that soil bd was higher in conserva-tion tillage than in CT In contrast, otherresearchers have not shown significant dif-ferences (Rusu, 2009) or found lower Bd val-ues in conservation tillage along with the

maintenance of organic residues comparedto CT (Aziz et al., 2009). Some have alsostated that the CT tillage has higher NT thanBd (Rahimzadeh & Navid, 2010), but somehave shown that Bd has the lowest valuesunder NT conditions (Olaoye, 2002; Sek-wakwa & Dikiny, 2012). Adding crop residuesin conservation tillage plays an importantrole in reducing bulk density because organicresidues are more degradable than minerals,and the resulting products can make moreaggregates (Shaver, 2010). Mousavi Boogar et al. (2012), who studiedwheat, showed that soil tillage methods hada significant effect on Bd and soil porosity. Atsoil depth of 0-5 cm, the lowest Bd was re-lated to CT treatment. By increasing thedepth to 15-30 cm, Bd was increased; how-ever, this increase was significantly lower inCT.
d. Electrical conductivity and capacity to
maintain waterConservation tillage plays an important rolein improving soil moisture, especially duringrainfall, due to the effect of mulch and cropresidues on the soil surface (Ghosh et al.,2015). This reduces the evaporation rate andincreases water penetration by decreasingsurface runoff in uncultivated soils comparedto soils with tillage operation (Dardanelli etal., 2004). In conservation tillage, more wateris available in comparison with conventionaltillage, especially in dry and semiaridweather conditions (Slawinski, 2015). The in-consistent results on the effect of increasingthe hydraulic conductivity and capacity tomaintain water may be due to the amount ofsoil disruption, the type of soil structure, theamount of water, the different periods oftillage, the amount of residues, the weather,the problem of measuring the hydraulic con-ductivity in the presence of residuals in NToperations, and the amount of mulch andlocal features (such as soil texture andground gradient). Shaxson & Barber (2003)concluded that increasing conservationtillage with higher porosity led to an increase

Role of Conservative Agriculture in  ... / Doaei et al.
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Role of Conservative Agriculture in  ... / Doaei et al.in water penetration and the reduction ofsurface runoff. Therefore, the moisture con-tent of the plant increased. Although in manystudies a higher hydraulic conductivity in NTwas observed compared to CT, water reten-tion capacity was increased with increasingsoil organic matter content (Indoria et al.,2017). Studies have also shown that differentmethods of tillage do not change the hy-draulic conductivity, but in some studies, itseffect was negative (Celik, 2011). In somestudies, an increased fungal activity and or-ganic matter stored in the soil due to thepreservation of crop residues have increasedhydraulic conductivity (Indoria et al., 2017).One of the ways to reduce soil erosion is in-creasing soil permeability by using appropri-ate tillage patterns. In a study on an 11-yearrotation, Jin et al. (2011) reported that soilmoisture storage at a depth of 0-30 cm forwheat in no-tillage conditions was improvedby 19.3 percent compared to traditional op-erations. If conservative measures, such asminimum tillage, crop rotation, and conser-vation of crop residues, act as a hybrid sys-tem, they can reduce soil degradation andcrusting, thereby increasing the penetrationand water retention capacity in the soil. De-spite the inconsistent results of the effects oftillage and the management of crop residueson the hydraulic conductivity of the soil, pen-etrance in NT with plant residuals, comparedto CT and NT without any residue, is high.The reason is the effect of residue coveringon water penetration. So, NT prolonged op-eration increases the penetration of waterand decreases runoff (Lenka & Lal, 2013).
CONCLUSIONSoil stability is one of the most importantfactors in choosing a soil tillage system. Ac-cording to the previous results, it can be con-cluded that different tillage methods havesignificantly different effects on the stabilityof soil structure. Improper soil tillage resultsin the degradation of soil physical properties.Conservation tillage can bring agronomy toecological agriculture and sustainable devel-

opment. Considering the benefits of conser-vation tillage systems such as reducing evap-oration, soil conservation, increasing organicmaterials, improving soil structure, adjustingtemperature, it is recommended to use thismethod as a good alternative to conventionaltillage. In general, conservation agricultureimproves the stability of aggregates com-pared to conventional tillage. Studies haveshown the beneficial effects of conservativeagriculture on the physical, chemical and hy-drological properties of soil. The combinationof no-tillage operations with the preservationof plant residuals increases the organic car-bon content of the soil. Tillage operations andmanagement of crop residues have an impor-tant effect on the size distribution of aggre-gates. Achieving increased performance,permanent production, and reducing envi-ronmental hazards require operational man-agement that increases soil quality incombination with crop rotation.
ACKNOWLEDGMENTSThe authors would like to thank anony-mous reviewers for their helpful commentson the earlier version of this paper. 
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