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Figure 1- Schematic view of the soil columns leaching
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Table 1- The effect of vermicompost on the soil chemical, physical and hydraulic properties

;ﬁ5 MJB m,gduo”‘_;bladl& O‘MM)D
Property Natural soil Vermicompost-containing soil Change percent
() o eske 1.61 1.81 12.42
Organic matter (%)
I oS 0.936 1.052 12.42
Organic carbon (%)
A 38.4 84.08 118.96
Extractable nitrate (mg 1)
Jobre 6.03 10.88 80.43
Soluble sodium (mg I%)
Jobe 5 ol 33.32 48.14 44.48
Exchangeable and soluble sodium (mg 1)
EC (dS m?) 1.27 2.66 109.4
TDS (mgl?) 666.57 1396.13 109.4
pH (-) 8.10 7.91 -2.35
2l Je 1.206 1.16 -3.81
Bulk density (gr cm)
S 58.7 58.9 1.38
Porosity (%)
gledl (Sgpn ol _ 0.069 0.074 7.25
Saturated hydraulic conductivity (cm min-1)
Sloji ol ey 0.215 0.227 5.6
Pore water velocity (cm min-t)
s (cm® cm'®) 0.579 0.587 1.38
Or (cm? cmr3) 0.114 0.128 12.28
o (cm?) 0.016 0.023 43.75
n() 2.417 2.508 3.76
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Figure 2- Water retention curves of natural and vermicompost-containing soils
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Table 2- The effect of vermicompost on the 6 and 24-hrs solute leaching of natural and vermicompost-containing soils

&5 buwgis
ailg Sk bl e ol s bl wo Tl
Parameter Soil Leaching Leaching amount Leaching Leaching rate
duration (hr) (mg Kg?) percent (%) mean
(mg mint)
b S 6 240.9¢ 7.23¢ 0.67°
Natural soil 24 655.6° 19.672 0.46°¢
Jslee 23Ul S
Cows 3 6 491.4¢ 7.04° 1.36°
Total dissolved solute 9e5 29 e
Vermicompost- 24 946.3% 13.56 0.66°
containing soil
b S 6 11.84° 7.11° 0.033%¢
D5 5 Jglre mades Natural soil 24 15.69° 9.42b 0.011¢
Exchangeable and soluble  cavgeS sepg sl S 6 65.222 27.10? 0.18?
sodium Vermicompost- 24 72.16° 29.98° 0.05
containing soil
b S 6 20.08¢ 10.46¢ 0.056°
s Natural soil 24 44.48° 23.17¢ 0.031¢
L_)).H.J .
Nitrate CangneS o9 b SB 6 116.71° 27.76° 0.3242
Vermicompost- 24 146.26° 34.79° 0.102°
containing soil
b S 6 23.2¢ 0.25¢ 0.064°
7 Natural soil 24 58.340 0.62° 0.041°
Jobe Jonss
s ; 6 47.68°¢ 0.47°¢ 0.1382
Dissolved organic carbon ”"J‘f"” b St

Vermicompost- 24 95.112 0.90 0.0660

containing soil
b S 6 15.11¢ 0.009¢ 0.042°
s Natural soil 24 29.390 0.017° 0.02d

Colloi CamginS sayg syl S 6 24.86° 0.014° 0.069°
Vermicompost- 24 4197 0.0242 0.029¢

containing soil

)3 (5l gine B! 1S b er/+0 (g lol o 13 oguial dilge b (sl oglite gy b (sl Silie
Means with dissimilar letters for each of leaching parameters have significant differences at the statistical level 0.05.
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Introduction: Vermicompost is a type of biological organic fertilizer obtained from earthworm activity.
Vermicompost is used in sustainable agriculture due to its beneficial effects on diversity of plant nutrients and
physical-hydraulic modification of soil. However, high presence of solutes in the structure of vermicompost
causes soil salinity, increases soil sodium content and changes soil pH. Soil flushing is one of the well known
strategies to minimize the mentioned disadvantages of vermicomposting. Although flushing can reduce the soil
salinity and sodium content, it leads to transportation of some soil substances such as nitrate, dissolved organic
carbon and colloids which their tracing is necessary because of soil quality monitoring and possibility of water
resources pollution. The objective of the current study was to investigate the effects of vermicomposting on soil
chemical, physical and hydraulic properties and its role on the amount of soil total dissolved salts (TDS),
sodium, nitrate, dissolved organic carbon and leaching behavior of colloids.

Materials and Methods: To treat the soil, 1.45 weight percent of vermicompost (17.68 tones/hectare) was
mixed with regular soil. Physical, chemical and hydraulic properties of soil were determined. PVC columns with
length of 20 cm and internal diameter of 5.95 cm were used and filled with soil to perform leaching during 24
hrs in saturated condition experiment. The effluent of columns were collected at various interval times, and their
sodium, nitrate, dissolved organic carbon, TDS and colloid contents were measured and the cumulative amounts
of them were calculated at 6 and 24 hrs. All experiments were carried out in three replications, and the mean
comparison of leaching parameters was done according to Duncan's multiple range test at probability level of
5%.

Results: Vermicompost increased the studied soil chemical properties i.e, organic matter, organic carbon,
extractable nitrate, soluble sodium, soluble and exchangeable sodium, EC and TDS to 12.42, 12.9, 118.96,
80.43, 44.48, 109.4 and 109.4 %, respectively and decreased soil pH to 2.35 %. Soil bulk density reduction to
3.81 % and enhancement of soil porosity, saturated hydraulic conductivity and the pore water velocity to 1.38,
7.25 and 5.6 %, respectively are the other results of vermicompost application. The used vermicompost fertilizer
caused displacement of soil water retention curve to more moisture around of saturated and permanent wilting
points and reduction of air entry potential. In this regard, vermicomposting increased all of soil hydraulic
coefficients of van Genuchten model including 6r, 8s, a and n, and its effect was specially more on 6r and a. The
result of leaching experiments showed that the amounts of leached TDS, sodium, nitrate, dissolved organic
carbon and colloid in vermicompost-containing soil during 6 hrs were 491.4, 65.22, 116.71, 47.68 and 24.86, and
during 24 hrs were 946.3, 72.16, 146.26, 95.11 and 41.97 mg/Kg, respectively. For the natural soil, these
amounts during 6 hrs were 240.9, 11.84, 20.08, 23.2 and 15.11, and during 24 hrs were 665.6, 15.69, 44.48,
58.34 and 29.39 mg/Kg, respectively. Therefore, vermicompost significantly increased the amounts of leached
TDS, sodium, nitrate, dissolved organic carbon and colloid, because of containing more contents of solute,
sodium, nitrate and organic matter in its structure. It also increased the porosity and hydraulic conductivity of
soil, and made changes in soil water retention curve (P<0.05). The presence of more sodium in vermicompost
together with its effect on soil porosity enhancement increased the colloid dispersion and consequently its
leaching. In addition, the leaching rate of all of parameters at 24 hrs in comparison to 6 hrs decreased
significantly due to high amount of solute leaching through mass flow at initial time of leaching experiment and
leaching residual solute by time-consuming process of diffusion.

Conclusion: Although vermicompost can enriched the soil due to increasing nitrate and organic matter
contents, it leads to soil salinity and increases sodium contents. Flushing the soil treated by vermicompost
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removed the amounts of TDS, sodium, nitrate to 10.4, 76.2 and 44.6 % during 24 hrs. Therefore, leaching had a
considerable effect on soil sodium reduction and a little effect on soil salinity reduction. Moreover, in
comparison to chemical fertilizers, the high nitrate fraction of applied vermicompost resulted in sustainability of
soil fertility. It is expected soil salinity and nitrate leaching fraction of vermicompost will be reduce by managing
leaching methods, treating vermicompost before using and reducing fertilizer application rate. Thus, the results
of current study warn the farmers who used vermicompost in soil to control the soil salinity, ground water
pollution and vertical colloid migration.

Keywords: Colloid leaching, Dissolved organic carbon leaching, Nitrate leaching, Soil hydraulic
coefficients, Soil water retention curve



