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ABSTRACT: The present study was carried out to clarify the effects of some soil physical and chemical 
specifications on soil aggregates size distribution and stability under different tillage methods. 
Conventional tillage cause to break soil aggregates especially in loamy soils consequently increase soil 
sensitivity to water and winderosion. On the other hand, soil aggregate size distribution and aggregate 
stability are the two important physical properties of the soil with profound effects on soil health. Thus, 
soil sensitivity to destruction might be a criterion for evaluating soil agronomic capacity that may be 
defined by its stability i.e. physical structure. In an experiment carried out in 2011-12 crop season at 
agricultural education and research farm of Tehran University, Karaj. Iran (35048’N, 510’E, and 1321m 
above sea level) using randomized complete block design in split-plot arrangement with three 
replications physical soil parameters of aggregates size distribution and stability were studied. Three 
tillage methods (No-till, Min-till and Conventional-till) and three bread wheat cultivars (Pishtaz, Pishgam 
and Bahar) were allocated to the main and sub-plots, respectively. Results showed that No-till was 
significantly different comparing to the other two methods in aggregates particles size distribution along 
with increasing aggregate stability index such as mean weight diameter, geometrical mean of particle 
diameter, water stable aggregate index and total soil nitrogen. However, Minimum-till was significantly 
different with Conventional-till in above mentioned properties (p<0.05) . 
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INTRODUCTION 
 

 Soil aggregation is a process that soil particles bind together as which their inner maintenance force is more 
powerful than forces of beside aggregates (Biox–Fayos, 2001). This process depends on time, place, application 
and soil management (Seybold and Herrick. 2001). Aggregates are considered as important physical properties 
and their size distribution and stability are indices which show storage capacity of organic carbon and soil erosion 
potential (Balesdent, 2000; Dıaz-Zorita, 2002). On the other hand, researchers showed that decreasing size of 
aggregate increased organic matter decomposition, so the amount of organic carbon in soil with coarse aggregates 
was more comparable to soil with fine aggregates (Cambardella & Elliott, 1993; John, 2005; Mbagwu and Piccolo. 
1998). Also, Kushwah. stated that amount of organic carbon and nitrogen in coarse aggregates was more than fine 
aggregates. Alekseeva, 2009 studies showed that in tropical and semi tropical soils with fine structure and superior 
kaolin clay are main factors creating aggregates affecting other available processes in aggregates creation. Soil 



Intl J Farm & Alli Sci. Vol., 3 (5): 512-517, 2014 

 

513 
 
 

tillage is considered as important managerial factor that can destruct or improve soil structure. Generally, soil tillage 
include soil physical destruction to form plant bed, preserve soil water, bury plant residues, mix fertilizer and 
amendments with soil and to get better root penetration (Gajri, 2002). Barthes, (2008) believe that aggregates 
particle size distribution can be an appropriate index to detect soil sensitivity against forming cracks, runoff water 
and water erosion. Dry sieve method is used generally to study effect of tillage on breakdown and fining clods and 
aggregates as well as estimating wind erosion. While wet sieve method is used to identify aggregates stability 
against water tensions (Nimmo & Perkins, 2002; Kemper & Rosenau, 1986). Lands usage and management 
(cropping systems) has been considered as important factors influencing in soil aggregates size distribution(ASD) 
and stability (Lebron,  l. 2002). 
 Aggregates size distribution and their stability can be changed considerably because of tillage method (Singh, 
2014; Beare, 1994). Therefore Peixoto, (2006) stated that particles size distribution is different via the effect of 
different tillage operations. Microbiological and biochemical indices can be used to estimate soil quality defined 
based on the terms of stability (Bending, 2004). Soil quality depends on physical, chemical and biological 
properties and its identification requires indices which are very sensitive to changes in managerial operations 
(Friedman, 2001). Referred soil quality indices affect soil processes and must have different properties and 
sensitive to environmental changes (Larson and Pierce, 1991). Although there have been purposed few soil 
specifications as soil quality indices (Larson and Pierce,1991; Arshad and Coen, 1992) but any of them has not 
been estimated in local or farm scales which may be due to the fact that many related specifications with soil are 
related with each other (Larson and Pierce, 1991). Therefore, it can be obtained better estimation of soil quality 
parameters by estimating their relationship with statistical methods. Soil quality index is defined as soil processes 
and properties that they are sensitive to usage change (Aparicio and Costa, 2007; Doran and Jones, 1996). These 
indices are important for simple estimation of soil quality (Dumanski and Pieri, 2000). Soil quality indices can be 
determined by quantitative and qualitative methods. Qualitative estimation is to determine a specification nature but 
quantitative estimation is to exact measure of soils and different lands usage (MacEwan and Carter, 1996; Karlen, 
1992). They are considered as tillage capabilities defined by porosity, aggregate formation and other structural 
measurements and as useful indices to define soil physical quality. Therefore, the present study dealt with the 
effects of some soil physical and chemical specifications on soil ASD and stability under different tillage methods. 
 

MATERIALS AND METHODS 
 

Geographical and climatic specifications of the experiment site 
 The experiment was carried out in educational-research farm of Agriculture and Natural Resources paradise of 
University of Tehran at Karaj on Nov. 4

th
, 2010 with the geographical specifications including altitude: 1322 m asl, 

latitude: 51° East, longitude: 35 degrees and 48 minutes North with cool and dry climate and 30 years mean 
precipitation of 250 mm. 
 
Soil properties 
 According to the results of soil analysis on composite mixed soil samples (six samples) prepared from 0-30 cm 
depth, with the soil type of clay loam (C.L), the amount of nitrogen, phosphorus and potassium and other soil 
properties were defined as follow:  
 

Table 1. Some physical and chemical properties of the experiment soil 

 
 
 
 
Bed preparation and planting 
 The experiment was conducted in 30% barley residue in preceding year through measuring samples of 
quadrant). This experimental design was RCBD in split plot arrangement with four replicates. The main plots were 
three tillage systems including conventional, reduced till and no-till and sub plots were three irrigated wheat 
cultivars of Pishtaz, Pishgam and Bahar in 30x3m plots considering 2m distance between two adjacent plots. 
 

Texture T.N. 
(%) 

O.C. 
(%) 

Sand 
(%) 

Clay 
(%) 

Silt 
(%) 

P 
(mg/kg) 

K (mg/kg) EC 
(ds/m) 

pH 

C.L 0.076 0.72 33 29 38 6.76 115 1.61 8.2 
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Samples preparation 
 Soil samples in the laboratory were dried for two weeks to carry out wet and dry sieve experiments by passing 
through 8 mm sieve and before particle size distribution test. 
 
Identifying dry aggregate size distribution 
 Dry aggregates size distribution test was carried out by the flat sieve method (cole, 1939). For this purpose, all 
dried samples were passed through 8 mm sieve, then entire contents under the sieve were transmitted to 4, 2, 1, 
0.5, .25 mm and smaller than 0.25 mm sieve series. These aggregates were slowly separated by horizontal 
oscillations (150 rounds per minute) in the dry sieve in 30 seconds, applying minimum energy and then the 
remained aggregates were weighed. The remained aggregates on the sieve weighed and the their aggregate size 
distribution curve were made. The data were used to calculate aggregates characteristics of mean weight diameter 
(MWD), geometric mean diameter (GMD) and also wet soil stability. All remained soil sample aggregates were 
transferred by plastic containers to separate different aggregate sizes using following formula:  
Eq. 1 

    ∑ ̅  

 

   

 

 
 Where x as mean of the remained aggregates diameter on the sieve and Wi as ratio of the remained 
aggregates weight on the sieve to the sample total weight and N represented as the number of sieves used for 
separation. 
Eq. 2 
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Water stable aggregate Index (WSA) (Singh and Khera, 2009) 
  
Eq. 3 


 weightTotal

 weightsoildry  - 2mm  thanless aggregates ofWeight 

 Water Stable Aggregates 
 
Identifying wet aggregate size distribution 
 To define wet aggregate size distribution, method of Yoder (1939) applied. 
 
Soil organic carbon measurement 
 To measure organic carbon in soil samples, the Walkley and Black method (1994) was used. 
 
Measuring soil total nitrogen 
 The Kjeldahl method applied to measure total nitrogen in soil samples  
 

RESULTS AND DISCUSSION 
 

Dry aggregate size distribution 
 According to the ANOVA results shown in table 2, dry aggregate size distribution for tillage methods were 
significantly different (p<0.01). The amount of aggregates diameter was highest in 2 and 4 mm sieves in no-till 
method while aggregates diameter decreased significantly on 1, 0.5 and 0.25 mm sieves in conventional tillage 
method (table 3). It seems that size of larger aggregates for no-till method was the result of minimum soil 
disturbance resulting in the maximum environmental benefits. Decreasing micro-aggregates measured for no-till 
method would seem natural because of the different aggregate sizes present in soil which means that increased 
larger aggregates share would result in decreased smaller aggregates share. The mentioned result for no-till was in 
reverse order for conventional tillage method because of the primary and secondary tillage practices done in 
conventional tillage method leading to the breakdown of larger to smaller aggregates. Some authors such as 
Bronick and Lal (2005), Tisdale, (1982) and Six, (2000) believe that physical destruction of soil structure occurs 
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during tillage, which results in direct breakdown of the soil aggregates, while root pieces are considered as the 
main binding units contributing to the formation of macro-aggregates and the conventional or traditional tillage has 
the largest contribution in destruction of soil aggregates. On the other hand, keeping residue on the soil surface 
does not necessarily result in aggregates formation increase, but it can decrease aggregates breakdown by 
controlling erosion through keeping aggregates from rain water splash. 
 

Table 2. Dry soil aggregate distribution anova results in studied tillage systems 

S.O.V. 

F
re

e

d
o
m

 

d
e
g
r

e
e
 Mean Squares 

Sieve>0.25 Sieve 0.25 Sieve 0.5 Sieve 1 Sieve 2 Sieve 4 

repeat 3 527643.863
ns 

89384.175
ns 

105260.276
ns 

255360.105
ns 

312377.361
ns 

1819174.630
ns 

tillage 2 36906.450
** 

1112295.042
** 

4179254.130
** 

4436561.091
** 

3962948.778
** 

46448272.583
** 

A error 6 218308.675 53515.271 45806.725 150580.273 296760.889 855500.324 
Cultivar 2 469.093

ns 
72.203

ns 
264.195

ns 
108.236

ns 
149.778

ns 
1743.083

ns 

aggregate ×Cultivar 4 359.410
ns 

112.535
ns 

110.463
ns 

394.400
ns 

411.520
ns 

1376.042
ns 

B errors 18 640.551 84.210 121.013 427.826 260.796 983.537 
CV%  2.51 1.36 1.17 1.96 1.08 0.66 

**, * and ns represent significance in 1% and 5% probability levels and not significant, respectively 
 

  Table 3. Mean comparison for dry aggregates size distribution in studied tillage methods 
 
 
Treatments 

Sieve 4 mm Sieve 2 mm Sieve 1 mm Sieve 0.5 mm Sieve 0.25 mm Sieve<0.25 mm 

Conventional-till 26.20
c 

19.13
a 

17.14
a 

16.13
a 

10.25
a 

10.63
a 

Minimum-till 51.34
b 

17.41
a 

9.269
b 

6.786
b 

5.029
b 

9.525
a 

No-till 64.99
a 

8.429
b 

5.177
c 

5.214
b 

40931
b 

10.06
a 

* In each column, means with common letters, according to DMRT, are not significantly different at 5% level of probability 

 
Wet aggregate size distribution  
 Since there were no significant differences in wheat genotypes for dry aggregate size distribution (table 2.), 
Anova for wet aggregate size distribution was done based on RCBD ignoring factor of wheat genotypes but 
considering tillage methods as source of variation. Results obtained for dry aggregates size distribution confirmed 
that soil in no-till method contained larger size aggregates (more than 2 mm), accordingly in studying wet 
aggregate size distribution, stable aggregates against water was considered as the main soil erosion promoter. 
Results of studying wet aggregate stability indices showed significant differences (p<0.01) in different tillage 
methods (table 4). Highest quantities of aggregates mean weight diameter, geometric mean diameter and their wet 
stability were obtained in no-till method as 4.96 mm, 0.62 mm and 81.56%, respectively. This was also observed 
for minimum tillage method comparing to the conventional tillage with higher quantities of MWD, GMD and 
aggregate stability as 3.91 mm, 0.49 mm and 72.96%, respectively (table 5). Schjønning, (2002) reported that 
based on the results of a long term experiment for measured soil related parameters including dry bulk density, 
water retention, wet stability of macro-aggregates, clay dispersibility, microbial biomass C, β-glucosidase activity, 
ergosterol, the abundance of different groups of fungi, cone index and soil fragmentation highlighted soil tillage 
negative effects specially soil compaction due to the more trafficking in conventional tillage method than no-till. 
Castro Filho (1998) reported that in macro aggregates (larger than 2mm) there were nearly strong correlations 
between soil organic carbon with MWD and GMD. Curtin and Mullen (2002) observed highest influential rate of soil 
organic carbon on MWD. Curtin and Mullen (2002) showed that organic carbon is the most effective factor on 
MWD. There are many reports in several soils and climates on the positive effects of conservation tillage (minimum 
or no-till) improving soil structure and forming more aggregates. Emadi, (2009) observed that in intact pastures soil 
MWD was larger than adjacent soils of farms especially with more macro-aggregates (with 1 mm diameter), while 
the aggregates with diameter less than 0.5 mm was dominant in farm soils. Denef, 2001 considered WSA as an 
effective trait in soil quality maintaining water and nutrients in the soil directly or indirectly affecting food and 
agricultural products quality (Raynolds, 2009). The estimated MWD has been more in no-till emphasizing on the 
negative effects of cultural practices such as seed bed preparation on soil structure destruction (Alverenga, 1986). 
 

Table 4. Analysis of variance parameters of aggregate stability affected by tillage practices 
  Mean - Square 

Variance Sources Freedom degree MWD GMD WSA 

Repetition 3 93.889
ns 

0.869
ns

 3.142
ns 

Tillage  2 60152.333
** 

1273.062
** 

648.821
** 

error 6 79.556 1.027 2.07 

*, ** , ns indicate statistical significance at 1 and 5 % and no significant, respectively. 

http://www.sciencedirect.com/science/article/pii/S016788090100161X
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Table 5. Comparison of parameters mean of aggregate stability affected by tillage methods 

Properties  
MWD 

(mm) 
GMD 

(mm) 
WSA 

(%) 

Conventional tillage 2.44c 0.25c 56.50c 
Minimum tillage 3.91b 0.49b 72.9b 
No tillage 4.96a 0.62a 81.5a 

* in each column, pre-cares that have common letters,  according to Duncan test, they have not significance difference at 5% 
level 

 

Soil organic carbon and total nitrogen 
 Organic carbon, total nitrogen and C/N ratio are considered as soil aggregates stability indices. According to 
the results shown in table 6 tillage methods were significantly different only for total nitrogen (p<0.01). The amount 
of soil total nitrogen for no-till, minimum tillage and conventional tillage methods were 0.0798%, 0.0838% and 
0.0351%, respectively showing highest amount of nitrogen in no-till method. The numbers in table 7 for C/N ratio 
showed no significant difference in tillage methods observed while its mean ratio was suitable (~11). Varvel and 
Wilhelm (2010) reported maintaining or enhancement of soil organic carbon for all tillage systems but with the 
greatest increase in no-till emphasizing on the adoption and the usage of conservation tillage systems for soil 
sustainability. Forming aggregates is one of the main processes that occur to react to analyze organic carbon in the 
soil (Lal, 1997). Therefore, there is an strong correlation between aggregates formation with their stability and also 
with organic carbon reserve in the soil (Dutartre, 1993).  
 

Table 6. Analysis of Variance of Mean Squares in Organic Carbon, total Nitrogen and (C/N) ratio in wheat affected by Oil 
Systems 

  Squares Mean 

Variance resources Freedom degree Organic Carbon total Nitrogen ratio (C/N) 

Repetition 3 41693.667
ns 

5668507.194
ns 

0.466
ns 

Tillage  2 41211
ns 

29053021.083
* 

4.758
ns 

error 6 41227.667 5095712.861
 

1.125 

*, ** , ns indicate statistical significance at 1 and 5 % and no significant, respectively. 

 
Table 7. Comparison Mean of Organic Carbon, total Nitrogen and (C/N) ratio affected by tillage methods 

Properties Organic Carbon (%) Nitrogen (%) (C/N) ratio % 

Conventional tillage 0.76a 0.0351b 10.83a 
Minimum tillage 0.76a 0.0838a 9.10a 
No tillage 0.71a 0.0798a 8.80a 

* in each column, pre-cares that have common letters,  according to Duncan test, they have not significance difference at 5% 
level 

 
CONCLUSION 

 

 Due to the obtained results in the present study concluding remark is that the soil aggregates size and its 
stability as two important parameters in soil quality quantified by mean weight diameter (MWD), geometric mean 
diameter (GMD) and water stable aggregates index (WSA) with the highest amounts recorded in no-till proving 
minimum soil destruction in this method. Meanwhile, environmental destruction reduced effects can be observed in 
soils kept by residue on the surface. Decreasing micro-aggregates measured for no-till method would seem natural 
because of the different aggregate sizes present in the soil which means that increased share of larger aggregates 
would result in decreased share of smaller aggregates. Organic carbon, total nitrogen and C/N ratio proved to be 
as three aggregates stability parameters due to the strong correlation between aggregates formation and stability 
and amount of organic carbon, although organic carbon and C/N ratio didn't show significant difference in tillage 
methods during the one year study. 
 

REFERENCES 
 
Alekseeva T, Sokolowska Z, Hajnos M, Alekseev A and Kalinin P. 2009. Water Stability of Aggregates in Subtropical and Tropical Soils 

(Georgia and China) and Its Relationships with the Mineralogy and Chemical Properties. Eurasian Soil Science , 42: 415-425. 
Alvarenga RC, Fernandes B, Silva TCA and Resende M. 1986. Estabilidade de agregados de um Latossolo Roxo sob diferentes metodo de 

prepare do solo e de manejo da palhada do milho. R. Bras. Ci. Solo, 10:273-277. 
Aparicio V and Costa JL. 2007. Soil quality indicators under continuous cropping systems in the Argentinean pampas. Soil & Tillage Research, 

96:155-165. 
Arshad MA and Coen GM. 1992. Characterization of soil quality: physical and chemical criteria. American Journal of Alter Agriculture, 7:25-31. 
Balesdent J, Chenu C and Balabane M. 2000. Relationship of soil organic matter dynamics to physical protection and tillage. Soil and Tillage 

Research, 53:215–230. 



Intl J Farm & Alli Sci. Vol., 3 (5): 512-517, 2014 

 

517 
 
 

Barthes BG, Kouoa Kouoa E, Larre-Larrouy MC, Razafimbelo TM, de Luca EF, Azontond A, Neves CS, de Freitas PL and Feller CL. 2008. 
Texture and sesquioxide effects on water stable aggregates and organic matter in some tropical soils. Geoderma. 143: 14-25. 

Beare MH, Hendrix PF and Coleman DC. 1994. Water stable aggregates and organic matter fractions in conventional and no-tillage. Soil Sci. 
Soc. Am. J. 58: 777-786. 

Bending GD, Turner MK, Rayns F, Marx MC and Wood M. 2004. Microbial and biochemical soil quality indicators and their potential for 
differentiating areas under contrasting agricultural management regimes. Soil Biol. and Biochem. 36:1785-1792. 

Boix-Fayos C, Calvo-Cases A, Imeson AC and Soriano-Soto MD. 2001. Influence of soil properties on the aggregation of some Mediterranean 
soils and the use of aggregate size and stability as land degradation indicators. Catena, 44:47–67. 

Bronick CJ and Lal R. 2005. Soil structure and management: a review. Geoderma 124: 3-22.  
Cambardella CA and Elliott ET. 1993. Carbon and nitrogen distributions in aggregates from cultivated and grassland soils. Soil Sci. Soc. Am. J.  

57:1071–1076. 
Castro Filho C, Muzilli O and Podanoschi AL. 1998. Estabilidade de agregados e sua relacao com o teor de carbono org anico num Latossolo 

Roxo distrofico, em funcao de sistemas de plantio, rotacoes de culturas e metodos de preparo das amostras. R Bras. Ci: solo, 22:527-
538. 

Cole RH. 1939. Soil structure as affected by cultural treatment. Tilgnadia. 12,429-472. 
Curtin JS and Mulle GJ. 2002. Spent mushroom compost effect on aggregate stability and percent organic carbon on low organic matter tilled 

soils. Life Science Dept., University of Limerick, Limerick.  
Denef K, Six J, Bossuyt H, Frey SD, Elliott ET, Merckx R and Paustian K. 2001. Influence of dry-wet cycles on the interrelationship between 

aggregate, particulate organic matter, and microbial community dynamics. Soil Biol. Biochem. 33:1599-1611. 
Dıaz-Zorita M, Perfect E and Grove JH. 2002. Disruptive methods for assessing soil structure. Soil and Tillage Research, 64:3–22. 
Doran JW and Jones AJ. 1996. Methods for Assessing Soil Quality. Soil Science Society of America Special Publication, Soil Sci. Soc. Am. J. 

Vol. 49. 
Dumanski J and Pieri c. 2000. Land quality indicators: research plan. Agriculture Ecosystem and Environment, 81:93-102. 
Dutartre PH, Bartoli F, Andreux F, Portal JM and Ange A. 1993. Influence of content and nature of organic matter on the structure of some 

sandy soils from West Africa. Geoderma, 56:459-478. 
Emadi M, Baghernejad M and Memarian HR. 2009. Effect of land-use change on soil fertility characteristics within water-stable aggregates of 

two cultivated soils in northern Iran. Land Use Policy, 26: 452-457. 
Friedman D, Hubbs M, Tugel A, Seybold C and Sucik M. 2001. Guidelines for Soil Quality Assessment in Conservation Planning. USDA, Soil 

Quality Institute. Washington, DC.USA. 
Gajri PR, Arora VK, Prihar SS. 2002. Tillage for Sustainable Cropping. The Haworth Press Inc., New York. 16.  
Grevers MCL and Bomke AA. 1986. Tillage practices on a northern clay soil: Effect of sod breaking methods on crop production and soil 

physical properties. Can. J. Soil Sci. 66: 385-395. 
John B, Yamashita T, Ludwig B and Flessa H. 2005. Storage of organic carbon in aggregate and density fractions of silty soils under different 

types of land use. Geoderma, 128:63–79. 
Karlen DL, Eash NS. 1992. Soil and crop management effects on soil quality indicators. American Journal of Alternative Agric., 7:48-55. 
Kemper WD and Rosenau RC. 1986. Aggregate stability and sizedistribution. p. 425-442, In: Klute, A. (ed.), Methods of Soil Analysis. ASA and 

SSSA, Madison, WI. 
Lal R, Kimble J and Follett RF. 1997. Pedospheric processes and the carbon cycle. In: Lal, R., W. H. Blum, C.Valentine, B.A. (Eds.) Stewart. 

Methods for Assessment of Soil Degradation. CRC Press, Boca Raton. pp.1-8. 
Larson WE and Pierce FJ. 1991. Conservation and enhancement of soil quality. Evaluation of Sustainable Land Management in the Developing 

World. International Board for Soil Research and Management, Bangkok, Thailand. 
Lebron I, Suarez D and Yoshida T. 2002. Gypsum effect on the aggregate size and geometry of three sodic soils under reclamation. Soil Sci. 

Soc. Am. J. 66: 92-98. 
MacEwan RJ, Carter MR. 1996. Soil Quality is in the hands of the land manager. Proceedings of an international symposium, ‘Advances in soil 

quality for land management: science, practice and policy’, 17-19 April 1996, Ballarat. Centre for Environmental Management, 
University of Ballarat. Ballarat, Australia. 

Mbagwu JSC and Piccolo A. 1998. Water-dispersible clay in aggregates of forest and cultivated soils in southern Nigeria in relation to organic 
matter constituents. In: Bergstrom, L. and Kirchman, H. (Eds.), Carbon and Nutrient Dynamics in Natural and Agricultural Ecosystems. 
CAB International, UK., 71–83. 

Nimmo JR and Perkins KS. 2002. Aggregate stability and size distribution. Soil Sci. Soc. Am. J. 5: 317-328. 
Peixoto RS, Coutinho HLC, Madari B, Machado PL, Rumjanek NG, Van Elsas JD, Seldin L and Rosado AS. 2006. Soil aggregation and 

bacterial community structure as affected by tillage and cover cropping in the Brazilian Cerrados. Soil Till. Res. 90: 16-28. 
Reynolds WD, Drury CF, Tan CS, Fox CA and Yang XM. 2009. Use of indicators and pore volume-function characteristics to quantify soil 

physical quality. Geoderma, 152:252-263. 
Schjnning Per, Susanne Elmholt L, Munkholm J and Debosz K. 2002. Soil quality aspects of humid sandy loams as influenced by organic and 

conventional long term management. Agriculture, Ecosystems and Environment, 88:195-214. 
Seybold CA and Herrick JE. 2001. Aggregate stability kit for soil quality assessments. Catena, 44:37–45. 
Singh RC, Sangeeta L and Singh CD. 2014. Conservation tillage and manure effect on soil aggregation, yield and energy requirement for wheat 

(Triticum aestivum) in vertisols. Indian J. Agric. Sci. 84 (2): 267-271.  
Singh MJ and Khera KL. 2009. Physical indicators of soil quality in relation to soil erodibility under different land uses. Arid Land Research and 

Management 23:152-167. 
Six J, Elliott ET and Paustian K. 2000. Soil macroaggregate tumover and microaggregae formation: a mechanism for C sequestration under no-

tillage agriculture. Soil Biol. Biochem. 32: 2099-2103.  
Tisdall JM and Oades JM. 1982. Organic-Matter and Water-Stable Aggregates in Soils. J. Soil Sci. 33: 141-163.  
Varvel GE and Wilhelm WW. 2010. Long-term soil organic carbon as affected by tillage and cropping systems. Soil Science Society of America 

Journal, vol. 74, no. 3, pp. 915–921.  
Walkley A and Black IA. 1934. An examination of the Degtjareffmethod for determining soil organic matter, and a proposedmodification of the 

chromic acid titration method. Soil science 37: 29. 
Yoder KE. 1939. A direct method of aggnegate analysis of soil and study of the physical nature of erosion. J Am. Soc. Agron. 28, p:337-351. 


