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Abstract
Total soil organic matter (SOM) content is a key attribute of soil quality (SQ) since 
it has far-reaching effects on soil physical, Chemical, and biológica! .próperties. 
However, changes in contents of soil organic carbón occur only slowly and do not 
provide an adequate indication of important short-term changes in SQ. Tlie declining 
SQ is often potentially the most serious both in the context of farm production and 
environmental damage. Water extractable organic carbón (WEOC) in the soil 
represents only a tiny portion of SOM. However, WEOC involves in key soil processes 
which are either directly or indirectly linked with soil quality. This pool acts as a 
substrate for microbial activity, a primary source of mineralizable N, S, and P. This 
review focuses on the importance of WEOC as a sensitive indicator of changing soil 
quality.
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Introduction
Concems regarding soil degradation and agricultural sustainability have 
kindled interest in assessment of soil quality. According to Karlen et al., 
(1997), soil quality (SQ) is “the capacity of a specific kind of soil to function 
within natural or managed ecosystem boundañes, to sustain biological 
productivity, maintain or promote air and water quality and support human 
lealth and habitation”. As a step towards defining sustainable agricultural 
management practices, Doran et al., (1994) stressed the importance of 
managing SQ. An assessment usually ineludes measurements of soil quality 
indicators that, in some way, influence the function for which the assessment 
is being made. Such indicators can be divided in to Chemical (e.g., pH, 
extractable nutrients, soil organic matter), physical (e.g., aggregation, bulk 
density, hydrauhc conductivity), and biological (e.g., microbial activity, earth 
worm numbers, basal respiration).
Long before the introduction of Chemical fertilizers, our ancestors had already 
leamed to make use of organic materials for improving growth of their crops 
(Hsieh and Hsieh, 1990). Agronomists have long recognised the benefits of
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maintaining and increasing soil organic matter (SOM), vvhich improves 
soil fertifity and crop production. SOM is intimately linked with many soil 
qualicy indicators and, therefore, has gained recognition as a primary indicator 
of soil quality (Cannel and Hawes, 1994; Robinson et al., 1994). The 
minimum data set of soil parameters for estimating and monitoring SQ 
consists of measurable soil properties that influence the capacity of soil to 
perform crop production or environmental functions (Doran and Parkin, 
1996). Many of the soil quality tninimum data set indicators ha ve been 
shown to depend on SOM (Reeves, 1997). Soil quality indicators inextricably 
linked to SOM inelude plant available water capacity (Hudson, 1994), 
infiltration rate (MacRae and Mehuys, 1985; Boyle et al., 1989; Pikul and 
Zuzel, 1994), aggregate formation and stability (Tisdall and Oades, 1982; 
Bums and Davies, 1986; Boyle et al., 1989), bulk density (Soane, 1990; Thomas 
et al., 1995), soil strength (Ekwue and Stone, 1995), catión exchange capacity 
(Rhoton et al., 1993; Riffáldi et al., 1994), soil enzymes (Dick, 1984) and 
invertebrate bio -indicators - e.g. earthworms (Hendrix et al., 1992).
The level of our knowledge regarding the signiñcance and applicability of 
various labile fractions as indicators of soil quality defers gready. For example, 
a number of workers have reviewed, in detail, the signiñcance of microbial 
biomass C and N levels (Sparling, 1997). By contrast, the nature and 
signiñcance of the non living, labile organic matter pools are much less well 
understood. For example, past research on soluble C has concentrated on 
forest soils, and their significance to thp quañty of agricultural soils has only 
recently been recognized. The significance of particulate organic matter has 
been recognized for some time (Gregorich andjanzen, 1996), but that of the 
mineralizable and extractable fractions is less well-known.
W ater extractable organic matter (WEOM) accounts for only a small 
proportion of the total SOM in the soil (McGill et al., 1986). Nevertheless, 
it is now recognized that those molecules influence soil biological activity 
(Flessa et al., 2000), affect the transport of metáis and organic pollutants 
(Rómkens and Dolfing, 1998) and contribute to mineral weathering 
(Rasmussen et al., 1998) andpodzolization (van Hees and Lundstrom, 2000). 
The WEOM is composed of an árray of molecules ^enerally reflecting the 
composition of total SOM, since the soluble phase tends to be in equilibrium 
with the soñd phase of SOM (Zsolnay, 1996). Numerous biotic and abiotic 
factors control the temporal and spatial dynamics of WEOM (Murphy et 
al., 2000). Some of the soil properties such as pH and ionic strength of the 
water phase determined organic matter solubility, where as Al ánd Fe oxides 
and clay minerals determined the sorption/ desorption equilibrium between 
the dissolved phase and the solid phase of SOM. The production and the 
consumption of WEOM are dependent mainly on microbial activities and 
the equilibrium with the soñd phase of SOM.
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Land use and related managemenc practices affect soil propertíes, and thereby 
are likely to influence WEOM. However, their impacts on the amount and 
composition of WEOM have not been extensively studied, and the 
information appears fragmented and some times contradictory. In general, 
WEOM concentration vary in the order forest soils > grassland soils> arable 
soils mostly due to different vegetation types (Haynes, 2000). However, the 
size and the composition of this organic matter pool are also influenced by 
management practices such as liming (Andersson et al., 2000), organic 
amendment (Chantigny, 2003), mineral fertilization (Chantigny et al.,
1999). Many studies report significant fluctuations in WEOM following 
change in land use or management practices. However, the processes driving 
the effects are largely unknown. Both short - temí and long - term effects of 
land use and management practices remain poorly understood under field 
conditions, since many environmental and soil factors internet at the same 
time. Comparing data from different studies is often delicate since large 
discrepancies pertaining to the methodological approaches used to 
characterize WEOM in different ecosystems exist (Zsolnay, 1996). The 
main objectives of this review are to report on the short - term and íong- term 
effects of land use and management practices on WEOM, and to identify 
the issues that should be addressed in future studies.
Total soil organic matter
Organic matter can be described as “all organic materials found in soils 
irrespective of origin or State of decomposition” (Baldock and Skjemstad, 
1999). Soil organic matter content is measuréd as organic C content. Although , 
the organic fraction of soils typically accounts for a small, but variable, 
proportion (typically 5-10%) of soil mass, it exerts far- reaching affects on 
soil properties. Sojl organic matter has long been recognized as the key 
indicator of soil productivity (Allison, 1973). An equihbrium soil organic 
m atter content is attained w ithin a mature natural ecosystem that is 
dependent upon the interaction of soil-forming factors (i.e., clima te, 
topography, parent material and time) (Baldock and Nelson, 2000). At this 
equilibrium level, the amount of organic G accumulating in the soil is the 
same as the amount lost via respiration as C 02.
Soil organic C is showñ in Figure 1 as being composed of two major pools: a
labile and a stabilized fraction. This is a convenient división, although,
in fact, soil organic matter ineludes continuum of materials ranging from
highly decomposable to very recalcitrant. The labile fraction consists of
material in transition between fresh plant residues and stabilized organic
matter. It generally is considered to have a short tumover time (léss than 10
years) (Janzen et al., 1997). Pools of organic matter that have been identified
as part of the labile fraction inelude particulate organic matter, microbial
biomass C, water extractable organic C (WEOC), . , \ ‘-  S V perHANENT REFERENCE
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Figure 1: A schematic diagram of the C cycle in agricultural soils. Redrawn fromjanzen et
al. (1997).

Stabilized organic C is composed of organic materials that are highly resistant 
to microbial decomposition because of their Chemical structure and/ or their 
association with soil minerals. This fraction consists mainly of humic 
substances, which are complex systems of high- molecular- weight organic 
molecules made up of phenolic polymers produced from the products of 
biological degradation of plants and animal residues (Baldock and Nelson,
2000). J

Dissolved soil organic C vs. water extractable soil organic C

The organic matter present in soil solution and passing a filter pore size of 
0.4-0.6 pm is defined as dissolved organic C (DOC) (Zsolnay, 1996). 
However, this material is distributed among different pore sizes in soil, and 
the fraction present in meso -pores and micro -pores might not be collectable 
without disturbing the soil structure. The fraction of DOC collected by 
lysimeters or suction cups is mostly located in soil macro pores (Zsolnay, 
1996). The organic C extracted by agitating soil samples with aqueous 
Solutions is considered WEOC. The magnitude of WEOC is thus generally 
larger than DOC (Zsolnay, 1996). Many different Chemical extractants have 
been used in attempts to extract a labile portion of organic matter from soils.

H.K. S.G.Gunadasa P. I . 5 8
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These can be divided into three broad groups: (i) weak (hot water, hot 0.01M 
CaC^), (ii) intermedíate (alkaline permanganate, 1M NaOH), or (iii) strong 
(6N H2S04, K2Cr20 7 -  H2S04) extractants (Goh and Haynes, 1986). In this 
review land use is considered as the factor with the greatest influence on 
WEOC in the soil, since it determines the type of vegetation grown on the 
soil, and since plant htter is the primary soürce of organic matter in the 
ecosystem. Characteristics of WEOC and the short-term and long -tenn 
impacts of a change in land use are reviewed. Land management practices are 
envisioned as secondary factors affecting WEOC in the soil since they are 
determined by the type of land use. Both the short-term and long -tenn 
effects of plant species, liming, mineral fertilization, organic amendments, 
and tillage are considered here. Environmental factors such as climate, 
landscape, and soil hydrology and texture represent a tertíary level of influence 
on WEOC, since they influence the dynamics of soil organic matter at the 
local and global scales.
Although the figures in the literature range widely WEOC concentration 
tends to be larger in natural forest than in agricultural soils (Zsolnay, 1996). 
He reported that in forest flow, WEOC contení ranges from 1000-3000 
mgL'1. In agricultural soils, he reported a valué varying from 5-900 mgL'1. 
Some other studies have also indicated higher WEOC concentrations in 
grassland than in agricultural soils (Haynes, 2000). The mechanisms 
responsible for those differences between forest and agricultural soils have 
not been clearly identified.
W ater extractable organic C may origínate from leaching from above or below 
ground plant littér and /or the synthetic activity of soil micro flora involved 
in decomposition of the htter and/or native soil organic matter. Fungí are 
thought to play a signiñcant role in the production of WEOC (Moller et al., 
1999). The greater fungal biomass present in forest floor compared to 
agricultural soils (Alexander, 1977) could partly explain higher WEOC 
content in the forest soils. Nevertheless, in the long-term, WEOC contení 
tends to be proportional to the whole soil organic matter content (Delprat et 
al., 1997), suggesting that WEOC production and concentration should be 
determined primarily by the amount of organic matter present in soil (Kalbitz 
et al., 2000).
Land use and management practices influence WEOC content in the soil. 
However, the extent of fluctuations in WEOC as influenced by land use and 
management practices is not well-known. Figure 2 shows the influence of 
land use, management practices and climatic and soil factors on WEOC/ 
DOC level.
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Figure 2: Schematic of the influence of land use, management practíces, and climatic and soil 
factors on DOC/ WEOC. The level of influence increases as factors are closer to the centre.

Conversión o f natural forest to agriculture
Declines in the level of SOM together with WEOC in the world during the 
last hundred years have been substantial, and have been associated with 
changing patterns of land use that are driven by population increases (Rees 
et al., 2001). The most dramatic affect of agricultural practice occurs when 
soil under native vegetation is converted to arable agriculture typically, SOM 
levels decline rapidly in the first 10-20 years and then stabilized at a new 
equilibriumlevel after 30-100 years (Fenton et al., 1999). A number of factqrs 
contribute to the lósses of SOM, including (i) a much lower allocation of 
carbonaceous residues to the soil (due to the relatively wide spacing of crop 
plants, removal of harvested products, and burning or removal of crop 
residues); (ii) tillage - induced aggregate disruption and exposure of 
physically protested organic material to microbial action, thus hastening 
decomposition rates; (iii) more favourable conditions for decomposition 
(e.g. tillage - induced aeration); and (iv) greater losses of surface soil.
Conversión of natural forest tó agriculture implies clear - cutting and often 
tillage to incorpórate the organic horizon in to the mineral soil. Some studies 
have reported an initial mobilization of WEOC ranging from 10 to 
150mgL''(Delprat et al., 1997). The increase of WEOC content is attributed 
either to soil disturbance, increase water flux, accumulation of decaying plant 
debris on the soil, or stimulation of microbial activity. This initial increase in 
WEOC has been found to last from less than two years and up to ten years

1 ■
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(Meyer and Tate, 1983; Moore, 1989). A progressive but rapid decline in the 
amount of WEOC could be observed a few years after clear-cutting. This 
decline is primarily attributed to the stabilization of the remaining organic 
matter and to a lower organic matter net input to the soil (Qualls et al., 
2000).

The water extractable organic material mobilized by clear -cutting is mostly 
composed of médium to large humic acids, organic colloids and organometal 
complexes (Hughes et al., 1990).
As opposed to the conversión of natural forest to agdculture, afforestation of 
agricultural soils induces a signifícant increase in WEOC content in the 
soil (Hughes et al., 1990). Literature also indicates that when grassland soils 
are switched to arable soils, their WEOC content decreases rapidly. 
Moreover, the extent of declining WEOC is more evident as the number of 
years under arable cropping increases, apparendy due to a gradual depletion 
in the SOM (Haynes, 2000).
Land use effect on WEOC is partly determined by vegetation type (e.g., tree 
vs. herbaceous plants). However, plant canopies may be composed of various 
species present at the same time or in rotation. Natural forests may contain 
mixed tree species, and the quality of forest floor and WEOM is determined 
by the dominant plant species (Kuiters, 1993).
Since the amount and the type of carbón input to the soil are dependent on 
plant species (Zsolnay, 1996), crop rotations in agricultural soil may 
influence WEOC concentration froni year to year. Plant roots exude .easily 
metabolizable material (Barber and Martin, 1976) and that the nature and 
the amount of the released material may vary among crop species and cultivars 
(Y3! and Juma, 1993). Generally, WEOC concentration is higher under 
legumes tKan under gramineae species (T able 1). This difference could reflect 
different root exudation pattems among crop species. Legumes usually exude 
more soluble molecules than gramineae to signal their presence to Rhizobia 
and to rapidly initiate the formation of root nodules (Chantigny, 2003).
Table 1: Average WEOC content (mg kg-1) in the rooting zone of various gramineae ánd 
legume species grown in a silty clay loam and a clay loam.

■

1990
SCLa CL

Gramineae
Legumes

62 + lb 
71 + 4a

69 + 4b 
75 +Ia
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Some of the important agronomic practices such as liming influcncc WEOC 
in agricultural soils (Karllk, 1995). Various mechanisms such as increase 
SOM solubility (Erich and Trusty, 1997), increased microbial activities 
and production of soluble molecules (Guggenberger et al., 1994) could 
explain this phenomenon to some extent. Liming also affect the composition 
of WEOC by increasing the proportion of humic acid (Cronan et al., 1999).
Inorganic fertilizers also influence WEOC contení. Urea based fertilizers 

' temporarily solubalized SOM and increase WEOC content due to an 
increase in soil pH (Myers and Thien, 1988). However, this effect is short- 
lived (Clay et al., 1995), suggesting that WEOC is readily biodegradable 
and rapidly consumed by soil micro organisms (Yano et al., 2000). 
Undoubtedly, application of organic manure or any other forms of organic 
materials increases the WEOC content in the soil (Jensen et al., 1997). This 
immediate increase of WEOC after organic amendments is generally 
attributed to the presence of soluble material in the amendments (Paul and 
Beauchamp, 1989). The composition of WEOC is also influenced by the 
type of amendments. W ater extractable organic carbón content in plant 
residues mostly has molecular weight ranging from710-850, whereas, it varíes 
from 2000-2800 for animal manure (Ohno and Crannell, 1996).

Land use and water extractable organic carbón
Knowledge of the short -term (i.e. less than 5 years) effects of crops and their 
management on soil organic matter status is essential when considering 
conservation strategies based on cropping rotation and other forms of 
establishment of vegetation. Nonetheless, short-term changes in total soil 
organic C content caused by changes in land management are often difficult 
to identify or qüantify because of the large background organic C pooL 
Measurement of smaller, more active (labile) fractions of soil organic matter 
have, however, been used successfully to identify early changes in soil óigame 
matter as influenced by changes in land management practice (Haynes and 
Beare, 1996). Such labile organic matter fractions inelude WEOC (Gregorich 
et al., 1994). The sensitivity of the levels of WEOC to the disturbance on the 
soil by the continuous practice of conventional agriculture has been identified 
by several researches (Ghani et al., 2000; Yapa, 2003).
It may take a relatively longer period of time (e.g., a decade or more) to 
observe a clear reduction of SOM with continuous conventional cultivation, 
whereas, WEOC tend to exhibit a dear drop within a relativdy short period 
of time -  for example, within one or two years after conversión of the natural 
vegetation in to intensive agriculture (Yapa, 2003).

c
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Conclusión
It is obvious that changing land uses significandy influence the level of 
WEOC in soil. Temporary increases ofWEOC after the conversión of natural 
forest to agriculture háve been reported though, it is clearly evident that the 
hastening decline in WEOC in thé soil could practically be traced as well as 
quantiñed. Long before the evidence of the depletion of total SOM, the drop 
in WEOC becomes evident. Therefore, the deterioration of overall SQ as a 
result of the conversión of natural vegetation to agriculture could be traced at 
much earlier stage using WEOC level in the soil as an indicator than using 
total SOM level. The level of WEOC could also be used as an indicator to 
assess the rate of success during thé conversión of a degraded land to 
productive agricultural land
References
Alexander, M. (1977) Introduction to soil microbiology, 2nd ed. Wiley, New 

York, pp. 467.
Allison, F.E. (1973) “Soil Organic M atter and its Role in Crop Production” 

Hlsevier, Amsterdam and B A  Stewart,( eds.), Soil Science Society of 
. America, Madison, W I, pp. 3-21.

Andersson, S., Nilsson, S.I. and Saetre, P. (2000) Leaching of dissolved 
organic carbón (DOC) and dissolved organic nitrogen (DON) in mor 
/hymus as affected by temperature and pH, Soil Biol. Biochem. v. 32, pp.

''1-10.
Baldock, J.A. and Skjemstad, J.O. (Eds.) (1999) Soil organic carbon/soil 

organic matter, In ‘Soil Analysis: an Interprétation Manual, CSIRO 
Publishing: Collingwood.

Baldock, J.A  and Nelson, P.N. (2000) Soil organic matter In: Handbook of 
Soil Science, CRC Press, Boca Ratón, USA, pp. 25-84.

Barber, DA. and Martin, J.K. (1976) The release of organic substances by 
cereal roots in to soil, New Phytol. v. 76, pp. 69-80.

Boyle, M., Frankenberger, W.T. and Stolzy, L.H. (1989) The influence of 
organic matter on soil aggregation and water infíltration, Journal of 
production agriculture v. 2, pp. 290-299.

Bums, R.G. and Davies, J.A. (1986) The microbiology of soil structure, Biology 
of Agriculture and Horticulture v. 3, pp. 95-113.

Cannell, R.Q. and Hawes, J.D. (1994) Trends intiflage practices in relation 
to sustainable crop production with special reference to températe 
climate, soil and tillage research v. 30, pp. 245-282.

5 3  Water Extractable Fraction of Soil Organic Carbón as an Indicator of Soil Quality



Sabaragamuwa U n ív e r s i ty  Jo u rn a l pp 55-68

Chantigny, M.H., Angers, D.A. and Beauchamp, C.J. (1999) Aggregation 
and Organic Matter Decomposition in Soils Amcnded with De-Inking 
Paper Sludge, Soil Sci.Soc. Am. v. 63, pp. 1214-1221.

Chantigny, M.H. (2003) Dissolved and water extractable organic matter in 
soils: A review on the influence of land use and managcment prácticos, 
Geoderma v. 113, pp. 357-380.

Clay.D.E., Clay, S.A., Liu, Z. and Harper, S.S. (1995) Leaching of dissolved 
organic carbón in soil following anhydrous ammonia application, Boil. 
Fértil. Soils v. 19, pp. 10-14.

Cronan, C.S., Piampiano, J.T. and Patterson, H.H. (1999) Influence of land 
use and hydrology on exports of carbón and nitrogen in a Maine river 
basin, J.Environ. Qual. v. 28, pp. 953-961.

Delprat, L., Chassin, P., Lineres, M. andjambert, C. (1997) Characterization 
of dissolved organic carbón in cleared forest soils converted to maize 
cultivation, Eur. J.

Dick, W.A. (1984) Influence of long-term tillage and crop rotation 
combinations on soil enzyme activities, Soil Science Society of America 
Journal v. 48, pp. 569-574.

Doran, J.W. and Parkin, T.B. (1994) Defining and assessing soil quality, In 
Defining Soil Quality for a Sustainable Environment, J.W. Doran, (eds.) 
Soil Science Society of America Special Publication, Madison.

Doran, J.W . and Parkin, T.B. (1996) Quantitative indicators of soil quality: 
A minimum data set, Methods for Assessing Soil Quality, J.W. Doran, 
(eds.) Soil Science Society of America Special Publication, Madison. 
v. 49; pp. 25-27.

Ekwue, E.I. and Stone, R.J. (1995) Organic matter effect on the strength 
ptoperties of compacted agricultural soils, Trans ASAE v. 38(2), 
pp. 357-365.

Erich, M.S. andTrusty, G.M. (1997) Chemical characterization of dissolved 
organic matter released by limed and unlinied forest soils horizons, 
Can. J. Soil Sci. v. 77, pp. 405-413.

Fenton T.E., Brown,J.R. and Mausbach, M.J. (1999) Effects of long-term 
cropping on organic matter content of soils: implications for soil quality, 
In Soil Quality and Soil Erosión, R. Lal, (ed.), CRCPress, Boca Ratón, 
FL. pp. 95-124.

r
H.K.S.G.Gunadasaand P .I. Yapa 64



2 " “  intespfltional symposium rroceeaxnga pp 55-68

Flessa, H., Ludwig, B., Heil, B. and Merbach, W. (2000) The Origin of Soil 
Organic C, Dissolved Organic C and Respiratíon in a LongTerm Maize 
Experiment in Halle, Germany, Determined by ,3C Natural Abundance, 
Journal of Plant Nutrition and Soil Science, v. 163(2), pp. 157-163.

Ghani, A., Perrott, K.W. and Dexter, M.D. (2000) Hot water extractable 
carbón : Part I . A sensitive measurement for determining impacts of 
fertilization, grazing and cultivation, Soil Biology and Biochemistry 
v. 17, pp. 1-2.

Goh,' K.M. and Heynes, R.J. (1986) Nitrogen and agronomic practices, In 
Mineral Nitrogen in the plant - soil system, R.J. Haynes ( ed.),. Academic 
press, Orlando, FL. pp. 379-468.-

Gregorich, E,G. and Janzen, H.H. (1996) Storage of sóil carbón in the light 
fraction and macro-organic matter, In structure and soil organic matter 
storage in Agricultural soils (M.R. Cárter and B.A. Steward (eds), CRC 
Press, Boca Ratón, FL; pp. 167-190.

Gregorich, E.G., Cárter, M.R., Angers, D.A., Monreal, C.M. and Ellert, B.H. 
(1994) Towards a mínimum data set to assess soil organic tiatter 
quality in agricultural soils, Can. J. Soil Sci. v. 74, pp. 367 -385.

Guggenberger.G., Zech, W . and Shulten.H.R. (1994) Formation and 
mobilization pathways of dissolved organic matter : Evidence from 
Chemical structural studies of organic matter fractions in acid forest 
floor solution, Org. Geochem, v. 21, pp. 51-66.

Hendrix, P.F., Mueller, B.R., Bruce, R.R., Langdale, G.W. andParmelee, R.W.
(1992) Abundance and distribution of earthworms in relation to 
landscape factors on the Geoigea Piedmont, USA, Soil Biology and 
Biochemistry v. 24, pp. 1357-1361.

Haynes, R.J. (2000) Labile organic matter as an indicator of organic matter 
quality in arable and pastoral soils in New Zeidspid, Soil Biol, Biochem, 
v. 32, pp. 211-219.

Haynes, R.J. and Beare, M.H. (1996) Aggregation and soil organic tíiatter 
storage in meso - thermal humid soils, In structure and soil organic 
matter storage in Agricultural soils (M.R. Cárter and B.A. Steward (eds.), 
CRC Press, Boca Ratón, FL. pp. 213-253.

Hsieh, S.C. and Hsieh ,C.F. (1990) The use of organic m atter in crop 
production, ASPAC, food and fertilizer technology center extensión 
búlleting.

65 Water Extractadle Fraction o f  S o il Organic Carbón as an In d ic a to r  o f  S o il  Q u a lity



Sabaragamuwa U n iv e r s i ty  Jo u rn a l pp 55-68

Hudson, B. D. (1994) Soil organic matter and available water capacity,Journal 
of Soil and W ater Conservation, v. 49( 2), pp. 189-194.

Hughes, S., Reynolds, B. and Roberts, J.D. (1990) The influence of land 
management on concentrations of dissolved organic carbón and its effects 
on the mobilization of aluminium and iron in podzol soils in Mid Wales. 
Soil Use Manage, v. 6, pp. 137-14<\

*

Janzen, H.H., Campbell, C.A., Gregorich, E.G. and Ellert, B.H. (1997) Soil 
carbón dynamics in canadian agroecosystems, In Advances in Soil 
Science, Soil Processes and the Carbón Cycle ( R.Lal etal.) (eds.)CRC 
Press, pp. 57.

Jensen, L.S., Mueller. T., Magid.J. and Nielsen, N.E. (1997) Temporal 
variation of carbón and nitrogen mineralization microbial biomass and 
extractable organic pools in soil after oil seed rape straw incorporation 
in the field, Soil boil, Biochem, v. 29, pp. 1043-1055.

Kalbitz, K., Solinger, S., Park, J.H., Michalzik, B. and Matzner, E. (2000) 
Controls on the dynamics of dissolved organic matter in soils: A review. 
Soil Sci, v. 165, pp. 277-304.

Karlen, D.L., Mausbach, M.J.,Doran, J.W., Cline, R.G., Harris, R.F. and 
Schuman, G.E. (1997) Soil quality: A concept, definition, and frame
work for evaluation, Soil Sci, Soc, Am. v. 61, pp. 4-10.<

Karlik, B. (1995) Liming effect on dissolved organic matter leaching, W ater 
Air Pollut, v. 85, pp. 949-954.

Kuiters, A.T. (1993) Water-soluble organic matter in forest soils, Plant and 
Soil, v. 152(2), pp. 215-224.

MacRae, R.J. and Mehuys, G.R. (1985) The effect of green manuring on tíie 
physical properties of the températe area soils, Advances in Soil Science 
v. 3, pp. 71-94.

M cGill, W . B., CannonK. R., Robertson, J.A. and Cook, F.D. (1986) 
Dynamics of soil microbial biomass and water-soluble organic C in 
Bretón L after 50 years of cropping to two rotations, Canadian joumal of 
soil Science, v. 66, pp. 1-19.

Meyer, J.L. and Tate, C.M. (1983) The effect of water shed disturbance on 
dissolved organic carbón dynamics of a stream, Ecology v. 64, 
pp. 33-44.

Moller, J., Miller, M. and Kjoller, A. (1999) Fungal - Bacterial interaction on 
beech leaves: Influence on decomposition and dissolved organic carbón 
quality, Soil Biol, Biochem, v. 31, pp. 367-374.

r
\AH.k.S.G.Gunadasaand P .l . Yapa 66



2ná I n te r n a t io n a l  Symposium P ro c e e d in g s  pp  S5-68

Moore, T.R. (1989) Dynamics of dissolved organic carbón in forested and 
disturbed catchments, W estland, New Zealand: 1. Maimai. W ater 
Resour, Res. v. 25, pp. 1321-1330.

Murphy, D.V., Macdonald, A.J., Stockdale, E.A., Goulding, K.W.T., Fortune, 
S., GauntJ.L., Poulton, P.R., Wakefield,J.A., Webster, C.P. and Wilmer, 
W.S. (2000) Soluble organic nitrogen in agricultural soils, Biol, Fértil, 
Soils v. 30, pp. 374 -387.

Myers,R.G. and Thien, S.G. (1988) Organic matter solubility and soil reaction 
iii an ammonium and phosphorous application zone, Soil Sci, Soc, Am, 
v. 52, pp. 516-522.

Ohno, T. and Crannell, B.S. (1996) Green and animal manure -derived 
dissolved organic matter effects on phosphorus sorption, J. Environ, 
Qual, v. 25, pp. 1137-1143.

Paul, J.W . and Beauchamp, E.G. (1989) Effect of carbón constituents in 
manure on denitrification in soil, Can, J. Soil Sci, v. 69, pp. 49-61.

Pikul, J.L.J. and Zuzel, J.F. (1994) Soil crusting and water infiltration affected 
by long term tillage and residue management, Soil Science Society of 
America Journal, v. 58, pp. 1524-1530.

Qualls, R.G., Haines, B.L., Swank, W.T. and Tyler, S.W. (2000) Soluble 
orgánic and inorganic nu trien t fluxes in dearcut and mature deciduous 
forests, Soil Sci, Soc, Am. J. v. 64, pp. 1068-1077.

Rasmussen, P. E ., Villard D. J . , Gardner, H. D ., Fortescue, J. A. C ., Schiff, S. 
L. and Shilts, W . W . (1998) Mercury in.lake sedim ents of the 
Precambrian Shield near Huntsville, Ontario, Cañada, Environmental 
Geology, v. 33(2-3), pp. 170-182.

Rees, R.M., Ball, B.C., Cambdl, C.D, and W atson, C.A. (2001) Sustaining 
soil organic matter, Sustainable Management of Soil Organic.

Reeves, D. W. (1997) The role of soil organic matter in maintaining soil quality 
in continuous cropping systems, Soil and Tillage Research, v. 43, 
pp. 131 -167.

Rhoton, F.E. Bruce, R.R., Buehring, N.W., Elkins, G.B., Langdale, C.W. and 
Tyler, D.D. (1993) Chemical and physical characteristics of four-soil 
types under conventional and no tillage systems, Soil and Tillage 
Research, v. 28, pp. 51-61.

Riffaldi, R., Saviozzi, A., Levi Minzi, R. and Menchetti, F. (1994) Chemical 
characteristics of soil after 40 years of continous maize cultivation: 
Agricultural Ecosystems and Environment, v. 49, pp. 239-245.

5 7  Water E x tra e tab le  Fraction o f  S o il Organic Carbón as an In d ica to r  o f  S o il Q u a lity



Sabaragamuwa U n iv e r s i ty  J o u rn a l pp  55-68

Robinson, C.A., Cruse, R.M. and Kohlcr, K.A. (1994) Soil management, 
Sustainable agriculture systems, HartfíeldJ.L, (eds.) Lewis publishers, 
CRC press, Boca Ratón, FL, USA, pp. 109-134.

Romkens, P.F.A.M. and Dolfing,J. (1998) Effect of Ca on the Solubility and 
Molecular Size Distribution of DOC and Cu Binding in Soil Solution 
Samples, Environmental Science and Technology, v. 32(3), pp.363-369.

Soane, B.D. (1990) The role of organic matter in soil compactability: A review 
of some practical aspects, Soil and Tillage Research, v. 16, pp. 179-201.

Sparling, G.P. (1997) Soil microbial biomass, activity and nutrient cycling 
as indicators of soil health, In “ Biological Indicators of Soil Health 
Pankhurst C.E., (eds.), CAB, Wallingford, UK, pp. 97-119.

Thomas, G. W., Haszler, G.R. and Blevins, R.L. (1995) The effects of organic 
matter and tillage on máximum compactibility, Southern Conservation, 
Tillage Conference for Sustainable Agriculture, Jackson MS, office of 
agricultural communication, División of Agriculture and Forestry, and 
Veterinary Medicine, Mississippi State University, Starkville.

Tisdall, J.M. and Oades, J.M. (1982) Organic m atter and water stablé 
aggregates in soils, joumal of Soil Science, v. 33, pp. 141-163.

Van Hees, P.A.W. and Lundstróm, U.S. (2000) Equilibrium models of 
aluminium and iron complexatión with different organic acids in soil 
solution, Geoderma, v. 94(2-4), pp. 201-221.

Xu, J.G. and Juma, N.G. (1993) Above and below ground transformation of 
photosynthetically fixed carbón by two Barley (Hordeum vulgare L .) 
cultivare in a Typic Cryoboroll, Soil Biol, Biochem,v. 25, pp: 1263 -1272.A. X. f

Yano,Y., McDowell, W.H. and Aber, J.D. (2000) Biqdegradable dissolved 
organic carbón in forest soil solution and effect of chronic nitrogen 
deposition, Soil Biol, Biochem, v. 32, pp. 1743-1751.

Yapa, P.I. (2003) Soil structural quality and soil organic matter: can the level 
of soil organic matter be taken as an indicator in assessing soil structural 
quality, PhD thesis, The University of Reading.

Zsolnay, A. (1996) Dissolved humus in soil waters, Piccolo, A. (ed.), Humic 
Substances in T errestrial Ecosystems, Elsevier, Amsterdam, 
pp. 171-223.

i
H.K.S.G.Gunadasa and P .I . Yapa 68


