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ABSTRACT: Soil organic matter (SOM) is composed of microorganisms, fresh residues and humus fractions. 
Measurement of soil microbial activity, in conjunction with other soil physical and chemical properties and processes, 
can be a valuable tool for developing a complete profile for soil fertility and may be used to increase the efficiency of 
fertilizer recommendations. Soil microorganisms are the centerpiece of biogeochemical cycling of nutrients in soil. 
Soil fertility is directly related to, and defined by, the heterotrophic activity of soil microbes as a whole. The 
breakdown of added residues and of SOM is affected by their physical and chemical characteristics, as well as by 
temperature, moisture, nutrition, and other factors that affect biological activity directly. Investigation about soil 
organic matter is continues by researchers and this review indicated the positive effects of soil organic matters on soil 
structure, soil porous, and soil electro conductivity, microorganisms, carbon and nitrogen rate. Knowledge about soil 
microorganisms and soil biological processes may improve the scientific basis of management decisions, e.g., 
determination of the type of species to be used for planting and cropping in agricultural areas. 
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INTRODUCTION  
What Is Soil Organic Matter (SOM)? 
Soil organic matter (SOM) is the organic matter component of soil, consisting of plant and animal residues at various 
stages of decomposition, cells and tissues of soil organisms, and substances synthesized by soil organisms [5,50]. Soil 
organic matter (SOM) is the foundation for productive soil. It promotes healthy crops, supplies resources for microbes 
and other soil organisms, and regulates the supply of water, air and nutrients to plants [75]. SOM can deliver over half 
of the nitrogen and a quarter of the phosphorous crops require, thus strongly influencing fertilizer requirements. [21] 
The amount and type of organic matter varies from soil to soil, but generally SOM can be divided up into three pools 
with different turnover times. SOM management should focus on strategies that build all three pools. This is the key to 
simultaneously building SOM and deriving benefits from its decomposition, including nutrient turnover, aggregate 
formation and water storage [1]. 

Soil organic matter (SOM) pools  
Active SOM: The active SOM pool has a turnover time of months to years, and it includes constituents such as soil 
microorganisms that are involved in even faster turnover times. It is primarily composed of recent plant residues that 
are in the early stages of decomposition and of soil organisms. This active SOM pool is very important for nutrient 
release, and helps develop a soil’s slow SOM pool [Fig 1]. 
Slow SOM: The slow SOM pool has a turnover time that varies from years to decades. A soil’s physical condition and 
nutrient buffering capacity are both strongly influenced by this slow turnover pool of organic matter. Different from 
the stable SOM pool, the slow pool is also a source of nutrients including nitrogen and phosphorous. It includes 
decomposed materials, residues and microbial products that are protected through physical (for example, interior of 
soil aggregates) and biochemical processes [Fig 1]. 
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Stable SOM: The stable SOM pool consists of material that is hundreds to thousands of years old. Sometimes this pool 
is called the passive pool, or humus. It is a highly recalcitrant pool (resistant to decomposition) that influences the 
cation exchange capacity of the soil, and is important in soil physical processes such as aggregation. The amount of 
stable SOM is not strongly influenced by recent management practices and tends to increase with increasing clay 
concentration in the soil. However, management practices such as residue removal, burning, tillage and cover-cropping 
can have long-term effects on the relative and absolute amounts of stable SOM [Fig 1]. 

 

Fig1. Soil organic matter pools [71] 

Soil Physical Properties 
It is often difficult to clearly separate soil functions into chemical, physical, and biological processes because of the 
dynamic, interactive nature of these processes [2, 74]. Soil physical properties, including texture, structure, and 
porosity, the fraction of pore space in a soil.  
Soil Texture: Soil texture can have a profound effect on many other properties and is considered among the most 
important physical properties [76]. Texture is the proportion of three mineral particles, sand, silt and clay, in a soil. 
These particles are distinguished by size, and make up the fine mineral fraction Particles over 2 mm in diameter (the 
‘coarse mineral fraction’) are not considered in texture, though in certain cases they may affect water retention and 
other properties [69]. The relative amount of various particle sizes in a soil defines its texture, i.e., whether it is a clay, 
loam, sandy loam or other textural category [26].Texture is the result of ‘weathering,’ the physical and chemical 
breakdown of rocks and minerals. Because of differences in composition and structure, materials will weather at 
different rates, affecting a soil’s texture. For example, shale, an easily weathered rock, forms clay-rich soils, whereas 
granite, a slow weathering rock, usually forms sandy, coarse soils [20]. Since weathering is a relatively slow process, 
texture remains fairly constant and is not altered by management practices. 

Soil Structure: Soil structure is the arrangement and binding together of soil particles into larger clusters. Aggregation 
is important for increasing stability against erosion, for maintaining porosity and soil water movement, and for 
improving fertility and carbon sequestration in the soil [51, 73]. ‘Granular’ structure consists of loosely packed 
spheroidal peds that are glued together mostly by organic substances Granular structure is characteristic of many A 
horizons, particularly those with high SOM content and biological activity [27]. Larger peds, in the form of plates, 
blocks, or prisms, are commonly associated with the B horizon and are formed via shrink-swell processes and adhesive 
substances [24].  
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Peds are held together and in place through the adhesion of organic substances, iron oxides, clays or carbonates. Cracks 
and channels between peds are important for water, air, and solute transport and deep water drainage [46] . Finer soils 
usually have a stronger, more defined structure than coarser soils due to shrink/swell processes predominating in clay-
rich soils and more cohesive strength between particles [57].  

Soil Porosity: Many important soil processes take place in soil pores (the air or water-filled spaces between particles) 
[44]. Soil texture and structure influence porosity by determining the size, number and interconnection of pores. 
Coarse-textured soils have many large (macro) pores because of the loose arrangement of larger particles with one 
another. Macropores in fine-textured soils exist between aggregates [68]. Because fine-textured soils have both macro- 
and micropores, they generally have a greater total porosity, or sum of all pores, than coarse-textured soils [68]. Long-
term cultivation tends to lower total porosity because of a decrease in SOM and large peds [14]. Surface crusting and 
compaction decrease porosity and inhibit water entry into the soil, possibly increasing surface runoff and erosion [33, 
34]. Calcareous and salt-affected soils can also alter porosity and structure [56]. In general, increasing SOM levels, 
reducing the extent of soil disturbance, and minimizing compaction and erosion will increase soil porosity and improve 
structure [33]. 

Chemical Properties 
Exchange Capacity: Most chemical interactions in the soil occur on colloid surfaces because of their charged surfaces. 
Due to their chemical make-up and large surface area, colloids have charged surfaces that are able to sorb, or attract, 
‘ions’ (charged particles) within the soil solution [40]. Depending on the ion’s charge, size and concentration in the 
soil, it can be sorbed and held to the colloid surface or exchanged with other ions and released to the soil solution. The 
soil’s ability to sorb and exchange ions is its ‘exchange capacity’ [50]. Although both positive and negative charges are 
present on colloid surfaces, soils of this region are dominated. Therefore, more cations (positive ions) are attracted to 
exchange sites than anions (negative ions), and soils tend to have greater cation exchange capacities (CEC) than anion 
exchange capacities (AEC). Fine-textured soils usually have a greater exchange capacity than coarse soils because of a 
higher proportion of colloids [38, 43]. Soil pH: Soil pH refers to a soil’s acidity or alkalinity and is the measure of 
hydrogen ions (H+) in the soil. A high amount of H+ corresponds to a low pH value and vice versa [3]. Soil pH can 
affect CEC and AEC by altering the surface charge of colloids [66]. A higher concentration of H+ (lower pH) will 
neutralize the negative charge on colloids, thereby decreasing CEC and increasing AEC [38]. 
Salt-Affected Soils: The presence and concentration of salts in soil can have adverse effects on soil function and 
management [42]. Salt-affected soils are most common in arid and semiarid regions where evaporation exceeds 
precipitation and dissolved salts are left behind to accumulate, or in areas where vegetation or irrigation changes have 
caused salts to leach and accumulate in low-lying places [36]. The three main types of salt-affected soils are saline, 
sodic and saline-sodic (Q&A #1). Saline soils contain a high amount of soluble salts, primarily calcium (Ca2+), 
magnesium (Mg2+), and potassium (K+), whereas sodic soils are dominated by sodium (Na+). Saline-sodic soils have 
both high salt and Na+ content. Salts in soil can affect structure, porosity and plant/water relations that can ultimately 
lead to decreased productivity [38]. 

Calcareous Soils: Calcareous soils often form from the weathering of carbonate-rich parent material, such as limestone 
or lime-enriched glacial till, and generally occur in areas where precipitation is too low to leach the minerals from the 
soil [59]. Carbonates can be found throughout a soil profile or concentrated in the lower horizons due to downward 
leaching. The subhorizon letter ‘k’ denotes a calcareous horizon layer [38]. Calcareous soils can be distinguished in the 
field by an effervescence reaction that occurs when a drop of dilute acid (10% hydrochloric acid or strong vinegar) is 
applied [14,38].  

Benefits of Stable Soil Organic Matter 
Physical Benefits:  Enhances aggregate stability, improving water infiltration and soil aeration, reducing runoff, 
Improves water holding capacity,  Reduces the stickiness of clay soils making them easier to till and Reduces surface 
crusting, facilitating seedbed preparation [38]. 
 Soil structure and aggregate stability: Soil structural stability refers to the resistance of soil to structural rearrangement 
of pores and particles when exposed to different stresses (e.g. cultivation, trampling/compaction, and irrigation) [33]. 
The interrelationship between SOC and soil structure and other physical properties has been extensively studied, and 
excellent reviews can be found in Tisdall and Oades [70], Oades [52], and Carter [17] and Stewart [39].  
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It is well established that addition of SOM can not only reduce bulk density (Db) and increase water holding capacity, 
but also effectively increase soil aggregate stability [48]. Carter et al. [16] noted that the amount of water-stable 
aggregates (WSA) was often associated with SOC content, and that particularly labile carbon was often positively 
related to macro-aggregate stability. Kay and Angers [31] reported that a minimum of 2% SOC was necessary to 
maintain structural stability and observed that if SOC content was between 1.2-1.5%, stability declined rapidly. Boix-
Fayos et al. [13] showed that a threshold of 3-3.5% SOC had to be attained to achieve increases in aggregate stability; 
no effects on aggregate stability were observed in soils below this threshold. Haynes [28] found that the mean weight 
diameter (MWD) of aggregates exhibited a curvilinear increase with carbon content, suggesting an upper limit of 
influence of SOC [33]. Water-Holding Capacity: An important indicator of soil physical fertility is the capacity of soil 
to store and supply water and air for plant growth [10, 47]. The ability of soil to retain water is termed water holding 
capacity (WHC) [8]. In particular, the amount of plant-available water in relation to air-filled porosity at field capacity 
is often used to assess soil physical fertility [38, 58]. Total plant available water (PAW) is the amount of water held 
between the wettest drained condition (field capacity FC, at matric suction of -10 kPa) and the water content at which 
plants are unable to extract water (permanent wilting point PWP, at matric suction of -1500 kPa [9]. WHC of soils is 
controlled primarily by the number of pores and pore-size distribution of soils, and by the specific surface area of soils. 
In turn, this means that with an increase in SOC content, there is increased aggregation and decreased Db, which tend 
to increase the total pore space as well as the number of small pore sizes [28, 35]. These relationships highlight the 
interconnectivity between soil structure, Db and WHC [62]. The effect of organic carbon on the WHC of soil is 
generally assumed to be positive but the types of carbon responsible for this effect and synergistic behavior with other 
soil properties is not well understood [38]. Hudson [29] and Kern [34] found an increase in water content with 
increasing SOC content and Pachepsky [53] stated that an increase of 1% SOM can add 1.5% additional moisture by 
volume at FC. Garambois et al. [22] showed that per gram of additional carbon at -10 kPa suction, a 50% increase in 
water content was achieved. They suggest that the organic carbon from exudates (‘gel’) from ectotrophicmycrorhiza 
would bond soil particles, which would result in a change in the size of the pores and a change in water retention at -10 
kPa. 

Soil Colour: Soil colour is often used as the highest categorical level in many soil classification systems, e.g. the 
concept of the Russian chernozem was centered around the thick dark soils of the Russian steppe and the Mollisol 
order of the US soil taxonomy is specifically defined to include most soils with relatively thick, dark surface horizons 
[37]. Generally good soil conditions are associated with dark brown colours near the soil surface, which is associated 
with relatively high organic matter levels, good soil aggregation and high nutrient levels [58]. The effect of usually 
dark brown or black SOM on soil colour is important not only for soil classification purposes, but also for ensuring 
good thermal properties, which in turn contribute to soil warming and promote biological processes [5]. Only about 
10% of the solar energy reaching the earth’s surface is actually absorbed by the soil, which can be in turn used to warm 
the soil. Naturally, dark-coloured soils absorb more energy than light-coloured ones. 

The physical deterioration often associated with a decline in organic matter content is manifested by a decline in wet 
aggregate stability, an increase in bulk and clod densities, an increase in modulus of rupture, and a decline in large pore 
space [38]. 

Soil organic matter and soil chemical properties 
The cycle of carbon on Earth is the story of life on this planet. Soils are the largest carbon reservoir of the terrestrial 
carbon cycle. The quantity of C stored in soils is highly significant; soils contain about three times more C than 
vegetation and twice as much as that which is present in the atmosphere [19].The content of soil organic carbon (SOC) 
is universal soil quality indicator with significant influence on soil properties. Soil organic carbon today is in the center 
of interest because of international conventions on climate change (UNFCC), biodiversity (CBD) and desertification 
(UNCCD). Therefore, it is very important to understand the processes that influence changes in soil organic carbon 
particularly in Pannonian and Mediterranean region [49]. 
It is being recognized that another important role for SOM is as a critical component of the global C balance, being a 
much larger C pool than the atmosphere and the biota, but less than that in fossil fuels and the predominant marine C 
pool [39]. Soil respiration is a key component of the C cycle in terrestrial ecosystems and small changes may strongly 
affect soil C sequestration [61]. While Wang and Wang [60] study results indicated that Soil microbial biomass C and 
N and respiration were on average 100%, 104% and 75%, respectively higher in the (Secondary broadleaved forest) 
SBF than in the pure Cunninghamialanceolata plantation (PC). 
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Variations of the C:N ratios of different pools of organic matter and variations of the C and N assimilation efficiency 
of the microbial biomass may also confound the usefulness of the soil C:N ratio to predict gross N transformation rates 
[25].High soil microbial activity does not always lead to high N mineralization due to immobilization that can occur; 
however, determining the C:N ratio from a much smaller more active pool of C and N to soil microbial activity could 
increase the accuracy of predicting the net mineralization/immobilization. A more sensitive and effective approach 
may be to assess the much smaller fractions of water-extractable organic C and N, which are highly related to soil 
microbial activity [64].The breakdown of organic residues by microbes is dependent upon the carbon to nitrogen (C:N) 
ratio [30].For good composting, a C:N ratio less than 20 allows the organic materials to decompose quickly (4 to 8 
weeks) while a C:N ratio greater than 20 requires additional N and slows down decomposition. A low nitrogen content 
or a wide C:N ratio is associated with slow SOM decay. Immature or young plants have a higher nitrogen content, 
lower C:N ratios and faster SOM decay.The C:N ratio of most soils is around 10:1 indicating that N is available to the 
plant. The C:N ratio of most plant residues tends to decrease with time as the SOM decays [30]. Bouajila and Sanaa 
[32] results showed that the application of 120 t/ha household wastes and manure improved an organic carbon (1.74 % 
and 1.09 %, respectively) when compared with control (0.69 %). They have shown that the potential release of CO2 
shows variations between the control soil and soil amended with compost or manure, the value of higher is recorded 
for the soil amended with 120 T / ha of compost (35.8 mg CO2 / kg). 

Mineralization is biological decomposition, the availability of N for crop plants is controlled by the chemical 
composition of OM, and the physical, chemical, and biological characteristics of the soil [55].Excessive and 
inappropriate use of OMs can cause intensive mineralization and drastically increase mineral N in the soil and plants 
[15], which triggers various disturbances in the biological equilibrium of the ecosystem, and excessive and harmful 
accumulation of nitrates in the plants [4].As such, it is necessary, when using organic sources of N, to estimate the 
mineralization potential of OMs so that by selecting a fertilizer with an appropriate content and by applying it at 
different times, the needs of the crops can be synchronized with the release of nutrients [11,54].Microbial 
mineralization/immobilization of soil N can be broadly estimated using soil organic C:N [18].Microbial biomass C and 
microbial biomass N were closely interrelated and also showed significant correlations with soil organic C and total N 
[63].in other studythe use of OMs increased the concentration of mineral N in the soil and increased the yield of fresh 
lettuce [45]. 

Soil organic matter has a net negative charge and nutrients such as calcium, magnesium, potassium and ammonium 
(i.e. cations) have a positive charge [6]. The capacity of a soil to hold plant nutrients so that they are easily released or 
“exchanged” into the soil solution is measured by the cation exchange capacity (CEC) as the sum of exchangeable 
cations in the soil. The application of organic matter with a high C:N ratio (> 30:1) such as wood and sawdust, may 
immobilise nitrogen as microbes consume nitrogen in the soil in order to decompose the organic matter. On the 
contrary, organic matter with a low C:N ratio (< 30:1) such as manure, may lead to excess nitrogen release from the 
organic matter into the soil [7].The highest EC that obtained by the manure treatments could be attributed to the 
addition of organic fertilizers that supplied soil with soluble compounds [72]. Moisture, pH, soil depth, and particle 
size affect SOM decomposition [30]. While soils that are neutral to slightly alkaline in pH decompose SOM quicker 
than acid soils; therefore, liming the soil enhances SOM decomposition and carbon dioxide evolution [30]. 

Soil organic matter and soil biological properties 
Agricultural management, such as crop rotation, tillage, compost, manure, herbicide and synthetic fertilizer application, 
and water regime, are key determinants of microbial community structure in soil. Vegetation is also an important factor 
since plants are providing microorganisms with specific carbon sources [23]. Microbes need regular supplies of active 
SOM in the soil to survive in the soil. Long-term no-tilled soils have significantly greater levels of microbes, more 
active carbon, more SOM, and more stored carbon than conventional tilled soils. A majority of the microbes in the soil 
exist under starvation conditions and thus they tend to be in a dormant state, especially in tilled soils [30].Bacteria are 
the first microbes to digest new organic plant and animal residues in the soil. Aerobic bacteria assimilate about 5 to 10 
percent of the carbon while anaerobic bacteria only assimilate 2 to 5 percent, leaving behind many waste carbon 
compounds and inefficiently using energy stored in the SOM. The fungus generally captures more energy from the 
SOM as they decompose it, assimilating 40 to 55 percent of the carbon. Microorganism populations change rapidly in 
the soil as SOM products are added, consumed, and recycled. The microbes in turn build SOM and store soil nutrients. 
Building SOM requires soil nutrients like N-P-K-S to be tied up in the soil. 
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Several investigations show long term positive influence of organic farming on soil quality and microbial activity in 
comparison with conventional farming, due to regular crop rotation, and absence of synthetic nutrients and pesticides 
[67].Significantly higher numbers of all groups of analyzed cultivable  microorganisms were observed inorganic 
agriculture fields in comparison to conventional fields, e.g., the number of bacteria had increased by 70%, 
actinobacteria by 290%, cultivable filamentous fungi by 110%, yeasts and maltose fermenting bacteria by 190% [41]. 
The microbial biomass in soil/compost mixtures increased within 10 days after the addition of compost to the soil 
(except for sterilized soil amended with a high level of compost where the maximum value was observed after 22 days) 
[65]. In an investigation in the semiarid Canadian prairie comparing annual legumes as green manure (green fallow) 
with tilled fallow-wheat and continuing wheat cultivation it was estimated that after six years of green fallow practices 
significant improvements were detected in several microbial characteristics such as colony counts of aerobic bacteria 
and filamentous fungi [12]. 

CONCLUSION 
During the past three decades, there has been increased awareness of soil degradation and its negative impact on its 
productivity. Such agricultural practices have led to progressive impoverishment in the organic matter contents in the 
A horizon and hence, a remarkable decrease of the initial productivity of these soils, derived from their unsuitable 
chemical properties. Soil microbial biomass has been suggested to be a sensitive indicator of changes in total SOM 
given that it more readily responds to alterations in plant vegetation or land use. Soil organic matter encompasses the 
soil biota, and plant and animal tissues at varying stages of decomposition. To circumvent the loss of the organic 
matter, amendment using solid wastes has been attempted. Of particular interest, manure and composts have received 
much interest and their positive impact on soil structure, stability, nitrogen and carbon content have been reported. The 
biological component of the soil is responsible for soil humus formation, cycling of nutrients and building soil 
structure along with many other functions. Knowledge about soil microorganisms and soil biological processes may 
improve the scientific basis of management decisions, e.g., determination of the type of species to be used for planting 
and cropping in agricultural areas. 

 

REFERENCES 

[1] Abrishamkesh S, Gorji M, and Asadi H, 2011. Long-term effects of land use on soil aggregate stability. Int. 
Agrophys., 25, 103-108. 

 [2] Agehara S, Warncke DD 2005. Soil moisture and temperature effects on nitrogen release from organic nitrogen 
sources. Soil SciSoc Am J 69: 1844-1855. 

[3] Alvarez, C.E., C. Garc´ıa, and A.E. Carracedo. 1988. Soil fertility and mineral nutrition of an organic banana 
plantation in Tenerife. Biol. Agric. Hortic. 5:313–323. 

[4] Andersen L, Nielsen NE 1992. A new cultivation method for the production of vegetables with low content of 
nitrate. Sciatic Horticulturae 49: 167-171. 

 [5] Baldock, J. A. and Nelson, P. N. 1999. Soil Organic Matter. In 'Handbook of Soil Science. (Ed M. E. Sumner.) p. 
B25-B84. (CRC Press: Boca Raton, USA.). 

[6] Baldock, J.A., 2002. Interactions of organic materials and microorganisms with minerals in the stabilization of 
structure. In: Huang, P.M., Bollag, J.-M., Senesi, N. (Eds.), Interactions between Soil Particles and 
Microorganisms. IUPAC Series on Analytical and Physical Chemistry of Environmental Systems, vol. 
8.Wiley, Chichester, pp. 85–131. 

[7] Batjes, N.H., 1996. Total carbon and nitrogen in the soils of the world. Eur. J. Soil Sci. 47, 151–163. 
[8] Bauer, A., and A.L. Black. 1981. Soil carbon, nitrogen, and bulk density comparisons in two cropland tillage 

systems after 25 years and in virgin grassland. Soil Sci. Soc. Am. J. 45:1166–1170. 
[9] Bauer, A. and Black, A. L. 1992. Organic carbon effects on available water capacity of three soil textural groups. 

Soil Science Society of America Journal 56, 248-254. 
[10] Benjamin, J.G., D.C. Nielsen, and M.F. Vigil. 2003. Quantifying effects of soil conditions on plant growth and 

crop production. Geoderma 116:137–148. 
[11] Berry, P.M, Sylvester-Bradley R, Philipps L, Hatch DJ, Cuttle SP, Rayans. FW, Gosling P 2002. Is the 

productivity of organic farms restricted by the supply of available nitrogen? Soil Use and Management 18: 
248-255. 

 

International Journal of Plant, Animal and Environmental Sciences               Page: 249                               
Available online at www.ijpaes.com 



 

Jalal Esmaeilzadeh and Ahmad Gholamalizadeh Ahangar      Copyrights@2014 IJPAES ISSN 2231-4490 
 
[12] Biederbeck V. O., Zentner R. P., Campbell C. A. 2005. Soil microbial populations and activities as influenced by 

legume green fallow in a semiarid climate//Soil Biology and Biochemistry.vol. 37, iss. 10, p. 1775–1784. 
[13] Boix-Fayos, C., Calvo-Cases, A., Imeson, A. C., and Soriano-Soto, M. D. 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. 

[14] Brady, N. and R. Weil. 2002. The Nature and Properties of Soils, 13th Edition. Prentice Hall. Upper Saddle River, 
New Jersey. 960 p. 

[15] Burns IG 1996. Nitrogen supply, growth and development. ActaHorticulturae 428: 21-30. 
[16] Carter, M. R., Skjemstad, J. O., and MacEwan, R. J. 2002. Comparison of structural stability, carbon fractions and 

chemistry of krasnozem soils from adjacent forest and pasture areas in south-western Victoria. Australian 
Journal of Soil Research 40, 283-297. 

[17] Carter, M.R. 2002. Soil quality for sustainable land management: organic matter and aggregation interactions that 
maintain soil functions. Agron. J. 94: 38-47. 

[18] E. A. Paul and N. G. Juma, “Mineralisation and Immobi-lization of Soil Nitrogen by Microorganisms,” In: F. E. 
Clark and T. Rosswall, Eds., Ecological Bulletin 33, Stockholm, 1981, pp. 197-204. 

[19] FAO: Food and Agriculture Organization of the United Nations. 2004. Carbon sequestration in dry land soils, 
World Soil Resources Reports No 102. Rome. 

[20] Fierro, A., D.A. Angers and C.J. Beauchamp. 1999. Dynamics of physical organic matter fractions during de-
inking sludge decomposition. Soil Sci. Soc. Am. J., 63:1013-1018. 

[21] Franzluebbers, A. J. 2010. Achieving soil organic carbon sequestration with conservation agricultural systems in 
the southeastern United States. Soil Science Society of America Journal. 74(2):347–357. Retrieved from 
www.soils.org/ publications/sssaj/articles/74/2/347. 

[22] Garambois, S., P. Senechal, and H. Perroud. 2002. On the use of combined geophysical methods to assess water 
content and water conductivity of near-surface formations. J. Hydrol. (Amsterdam) 259:32–48. 

[23] Garbeva P., van Veen J. A., van Elsas J. D. 2004. Microbial diversity in soil: selection of microbial populations by 
plant and soil type and implications for disease suppressiveness // Annual Review of Phytopathology. vol. 42, 
iss.29, p. 243–270. 

[24] Gardiner, D. T. and R.W. Miller. 2004. Soils in our environment, 10th Edition. Pearson Education, Inc. Upper 
Saddle River, New Jersey.641 p. 

[25] G. Bengtston, P. Bengtson and K. F. Mansson, “Gross Nitrogen Mineralization-, Immobilization-, and Nitrifica- 
tion Rates as a Function of Soil C: N Ratio and Microbial Activity,” Soil Biology and Biochemistry, Vol. 35, 
No. 1, 2003, pp. 143-154. doi:10.1016/S0038-0717(02)00248-1. 

[26] Gregorich, E.G., C.M. Monreal, M. Schnitzer and H.R. Schulten. 1996. Transformation of plant residues into soil 
organic matter: chemical characterization of plant tissue, isolated soil fractions, and whole soils. Soil Sci., 
161:680-693. 

[27] Harris, R. F., Allen, O. N., Chesters, G., and Attoe, O. J. 1964. Mechanisms involved in soil aggregate 
stabilization by fungi and bacteria. Soil Science Society of America Proceedings 28, 529-532. 

[28] Haynes, R. J. 2000. Interactions between soil organic matter status, cropping history, method of quantification and 
sample pretreatment and their effects on measured aggregate stability. Biology and Fertility of Soils 30, 270-
275. 

[29] Hudson, B. 1994 .Soil organic matter and available water capacity. J. Soil Water Conserv. 49:189–193. 
[30] James J. Hoorman and Rafiq Islam. 2010. Understanding Soil Microbes and Nutrient Recycling. The Ohio State 

University Agriculture and Natural Resources.1-5. 
[31] Kay, B. D. and Angers, D. A. 1999. Soil Structure. In 'Handbook of Soil Science. (Ed M. E. Sumner.) p. A-229 - 

A-276. (CRC Press: Boca Raton, USA.). 
[32] K. Bouajila, M. Sanaa. 2011. Effects of organic amendments on soil physico-chemical and biological properties. J. 

Mater. Environ. Sci. 2 (S1) 2011 485-490. 
[33] Kêsik T., Baewicz-WoŸniak M., and Wach D., 2010. Influence of conservation tillage in onion production on the 

soil organic matter content and soil aggregate formation. Int. Agrophys, 24, 267-273. 
[34] Kern, J.S. 1995. Evaluation of soil water retention models based on basic soil physical properties. Soil Sci. Soc. 

Am. J. 59:1134–1141. 
[35] Khaleel, R., Reddy, K. R., and Overcast, M. R. 1981. Changes in soil physical properties due to organic waste 

applications: a review. Journal of Environmental Quality 10, 133-141. 
 

International Journal of Plant, Animal and Environmental Sciences               Page: 250                               
Available online at www.ijpaes.com 



 

Jalal Esmaeilzadeh and Ahmad Gholamalizadeh Ahangar       Copyrights@2014 IJPAES ISSN 2231-4490 
 
[36] Knudsen, D., G.A. Peterson, and P.F. Pratt. 1982. Lithium, sodium, and potassium. p. 225–246. In A.L. Page et al. 

(ed.) Methods of soil analysis. Part 2.Chemical and microbial methods. 2nd ed. 
[37] Kögel-Knabner, I., Zech, W., Hatcher, P.G., 1988. Chemical composition of the organic matter in forest soils: III. 

The humus layer. Z. Pflanzener. Bodenkd 151, 331–340. 
[38] Kuoe J. and Joñczyk K., 2008. Influence of organic and conventional crop production system on some parameters 

of soil fertility. J. Res. Appl. Agric. Eng., 53, 161-165. 
[39] Lal, R., Kimble J. and Stewart B.A. 1995 .World soils as a source or sink for radiatively-active gases. In: Lal R., 

Kimble J., Levine E. and Stewart B.A. (Eds), Soil Management and Greenhouse Effect. CRC Press, Boca 
Ratan, Florida, pp. 1–7. 

[40] Larson, W.E., C.E. Clapp, W.H. Pierre, and Y.B. Morachan. 1972. Effects of increasing amounts of organic 
residues on continuous corn: II. Organic carbon, nitrogen, phosphorus, and sulfur. Agron J. 64:204–208.  

[41] LeldeGrantina, Kristine Kenigsvalde, DainaEze, ZaigaPetrina, IlzeSkrabule, Nils Rostoks, VizmaNikolajeva. 
2011. Impact of six-year-long organic cropping on soil microorganisms and crop disease suppressiveness. 
Žemdirbystė=Agriculture, vol. 98, No. 4 2011, p. 399-408. 

[42] Liebhardt, W.C. 1981. The basic cation saturation ratio concept and lime and potassium recommendations on 
Delaware’s Coastal Plain soils. Soil Sci. Soc. Am. J. 45:544–549. 

[43] Lipiec J., Nosalewicz A., Siczek A., and Kotowska U., 2011. Effects of land use on leaching of nitrate-N, 
ammonium-N and phosphate in relation to stained surface area. Int. Agrophys., 25, 149-154. 

[44] Lowery, B.,J.Swan, T.Schumacher, and A.Jones.1995 . Physical properties of selected soils by erosion class.  J. 
Soil Water Conserv. 50:306–311. 

[45] MajaManojlović, RankoČabilovski, Martina Bavec. 2010. Organic materials: sources of nitrogen in the organic 
production of lettuce. Turk J Agric For. 34, 163-172. 

[46] Martens, D. A., and W. T. Frankenberger, Jr. 1992. Modification of infiltration rates in an organic-amended 
irrigated soil.Agron.J.84:707–717. 

[47] McVay, K.A., J.A. Budde, K. Fabrizzi, M.M. Mikha, C.W. Rice, A.J. Schlegel, D.E. Peterson, D.W. Sweeney, 
and C. Thompson. 2006. Management effects on soil physical properties in long-term tillage studies in Kansas. 
Soil Sci. Soc. Am. J. 70:434–438. 

[48] Mikha, M.M., M.F. Vigil, M.A. Liebig, R.A. Bowman, B. McConkey, E.J. Deibert, and J.L. Pikul, Jr. 2006. 
Cropping system influences on soil chemical properties and soil quality in the Great Plains. Renewable Agric 
Food Systems. 21:26–35. 

[49] Milan Mesic, Marta Birkas, ZeljkaZgorelec, IvicaKisic, Aleksandra Jurisic, IvanaSestak. 2010. Carbon content 
and C/N ratio in pannonian and mediterranean soils. University of Zagreb.1-5. 

[50] Nelson, D.W., and L.E. Sommers. 1982. Total carbon, organic carbon, and organic matter. p. 539–580. In A.L. 
Page et al. (ed.) Methods of soil analysis. Part 2.Chemical and microbial methods.2nd ed. Agron. Monogr. 9. 
ASA and SSSA, Madison, WI. 

[51] Nichols, K.A., S.F. Wright, M.A. Liebig, and J.L. Pikul Jr. 2004. Functional significance of glomalin to soil 
fertility.Proceedings from the Great Plains Soil Fertility Conference Proceedings. Denver, CO, March 2-4, 
2004.  

[52] Oades, J. M. 1984. Soil organic matter and water stable aggregates in soils. Plant and Soil 76, 319-337. 
[53] Pachepsky, Y.A., and W.J. Rawls (Ed.). 2005. Development of pedotransfer functions in soil hydrology. Elsevier. 

Development in Soil Science, V 30.m Amsterdam, the Netherlands. 
[54] Pang XP, Letey J 2000. Organic farming: Challenge of timing nitrogen availability to crop nitrogen requirements. 

Soil Sci Soc. Am J 64: 247-253. 
[55] Pansu M, Thuries L 2003 Kinetics of C and N mineralization, N. immobilization and N volatilization of organic 

inputs in soil. Soil Biology & Biochemistry 35: 37-48. 
[56] Papadopoulos A., Bird N.R.A., Whitmore A.P., and Mooney S.J., 2006. The effect of organic farming on the soil 

physical environment. Aspects Appl. Biol., 79, 263-267. 
[57] Peth S., Nellesen J., Fischer G., and Horn R., 2010. Non-invasive 3D analysis of local soil deformation under 

mechanical and hydraulic stresses by µCT and digital image correlation.Soil Till. Res., 111, 3-18. doi: 
10.1016/j.still.2010.02.007. 

[58] Peverill, K. I., Sparrow, L. A., and Reuter, D. J. 1999. 'Soil Analysis. An Interpretation Manual.' (CSIRO 
Publishing: Collingwood.). 

[59] Pikul, J.L., Jr., and R.R. Allmaras. 1986.  Physical and chemical properties of a Haploxeroll after fifty year of 
residue management. Soil Sci. Soc. Am. J. 50:214–219. 

International Journal of Plant, Animal and Environmental Sciences               Page: 251                               
Available online at www.ijpaes.com 



 

Jalal Esmaeilzadeh and Ahmad Gholamalizadeh Ahangar       Copyrights@2014 IJPAES ISSN 2231-4490 
 
[60] Qingkui Wang, Silong Wang. 2011. Response of labile soil organic matter to changes in forest vegetation in 

subtropical regions. Applied Soil Ecology 47 (2011) 210–216. 
[61] Raich, J.W, Tufekcioglu, A, 2000. Vegetation and soil respiration: correlation and controls. Biogeochemistry 48, 

71–90. 
[62] Raut S, Sahoo N., and Chakraborty H., 2012 .Effect of water regimes on sorptivity and organic matter humic 

components of soil. Int. Agrophys, 26, 53-59. 
[63] R. Georg Joergensen. 2010. Organic Matter and Micro-Organisms in Tropical Soils P. Dion (ed.), Soil Biology 

and Agriculture in the Tropics, Soil Biology 21, DOI 10.1007/978-3-642-05076-3_2. 
[64] Richard L. Haney, Alan. J. Franzluebbers, Virginia. L. Jin, Mari-Vaughn. Johnson, Elizabeth. B. Haney, Mike. J. 

White, Robert. D. Harmel. 2012. Soil Organic C: N vs. Water-Extractable Organic C:N. Open Journal of Soil 
Science, 2, 269-274: R. G. Woodmansee and D. 

[65] Saison, C, Degrange, V., Oliver, R.., Millard, P, Commeaux, C, Montange, D. and Le Roux, X.  2006. Alteration 
and resilence of the soil microbial community following compost amendment: effects of compost level and 
compost-borne microbial community, Environmental Microbiology, 8 (2), 247-257. 

[66] Scow, K.M., O. Somasco, N. Gunapala, S. Lau, R. Venette, H. Ferris, R. Miller, and C. Shennan. 1994. Transition 
from conventional to low-input agriculture changes soil fertility and biology. Calif. Agric. 48(5):20–26. 

[67] Shannon D., Sen A. M., Johnson D. B. A comparative study of the microbiology of soils managed under organic 
and conventional regimes // Soil Use and Management. – 2002, vol. 18, iss. 1, p. 274–283. 

[68] Tester, C. F. 1990. Organic amendment effects on physical and chemical properties of a sandy soil.Soil 
Sci.Soc.Am.J.54:827–831. 

[69] Thomsen, I.K. and J.E. Olesen. 2000. C and N mineralization of composted and anaerobically stored ruminant 
manure in differently textured soils. J. Agr. Sci., 135:151-159. 

[70] Tisdall, J. M. and Oades, J. M. 1982. Organic matter and water stable aggregates in soils. Journal of Soil Science 
33, 141-163. 

[71] Troeh, Frederick R., and Louis M. (Louis Milton) Thompson, 2005. Soils and Soil Fertility. 6th ed. Ames, Iowa: 
Blackwell Pub 2005.  

[72] T.R. Abu-Zahra and A.B. Tahboub. 2008 . Effect of Organic Matter Sources on Chemical Properties of the Soil 
and Yield of Strawberry under Organic Farming Conditions. World Applied Sciences Journal 5 (3): 383-388. 

[73] Turski M., 2002. Influence of the physical properties of soil aggregates for the growth of wheat plant in initial 
development phase (in Polish). Acta Agrophysica, 78, 263-269. 

[74] Wang, K.J., Xing, B.S., 2005 a. Structural and sorption characteristics of adsorbed humic acid on clay minerals. J. 
Environ. Qual. 34, 342– 349. 

[75] Wang, X.L., Sato, T., Xing, B.S., 2006 .Competitive sorption of pyrene on wood chars. Environ. Sci. Technol. 40, 
3267–3272. 

 [76] Zebarth, B.J., G.H. Neilsen, E. Hogue and D. Neilsen. 1999. Influence of organic waste amendments on selected 
soil physical and chemical properties. Can. J. Soil Sci., 79:501-504. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

International Journal of Plant, Animal and Environmental Sciences               Page: 252                               
Available online at www.ijpaes.com 


