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Article Info ABSTRACT

Article type: Background and Objectives: Soil clay minerals strongly affect the
Full Length Research Paper  dynamics of soil organic matter by slowing down its decomposition and
increasing its retention in soils. By forming stable complexes with organic
matter and deactivating extracellular enzymes, clays protect soil organic
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have been investigated in many studies; however, few studies specifically
address the role of clay mineral type, and the effects of exchangeable

Kﬁm%ﬁ cations on soil organic carbon retention remain largely unknown. This
Clay, study was therefore conducted to better understand the effects of the type
Mineralization, and amount of vermiculite and zeolite, and of the type of exchangeable
Organic matter, cation, on the retention of soil organic carbon.

Sodium

Materials and Methods: For this purpose, a factorial experiment was
carried out in a completely randomized design with three replications. The
experimental factors included two clay types (vermiculite and zeolite),
four clay contents (0, 15, 30, and 45%), and three exchangeable cations
(Na, Ca, and Al). Artificial soils were prepared by mixing sand with
different proportions of clay. To obtain clays with a uniform exchangeable
cation, vermiculite and zeolite were separately treated with 1 M solutions
of NaCl, CaCl,, and AICl;. Fifty-gram soil samples differing in clay type,
clay content, and exchangeable cation were prepared separately. After
sterilization of the artificial soils, 5% (w/w) sterilized alfalfa residues were
added to all samples. Before incubation, the samples were inoculated with
an extract obtained from a natural soil. Following the addition of the soil
extract and air-drying, the water content of the samples was adjusted
with distilled water to 60% of field capacity, and the soils were incubated
in the dark at 25 °C for 180 days. In the artificial soils, organic carbon
mineralization, microbial biomass carbon, and soil carbohydrate
concentrations were measured.

Results: The results showed that clay type and content and the type
of exchangeable cation had significant effects (P<0.01) on organic
carbon mineralization, microbial biomass carbon, and soil carbohydrate
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concentrations. Organic carbon mineralization was higher in pure
sand than in soils containing 15, 30, or 45% clay. In soils containing
vermiculite, organic carbon mineralization was higher than in soils
containing zeolite. Microbial biomass carbon was also higher in
vermiculite-containing soils than in those containing zeolite. The highest
percentage of mineralized carbon and the highest microbial biomass
carbon were observed in soils with Ca as the exchangeable cation, whereas
the highest carbohydrate concentrations were measured in soils with Al as
the exchangeable cation.

Conclusion: The results of this study indicate that organic matter and
microbial biomass become less decomposable through interactions with
clays in soil, and that even low clay contents are able to reduce organic
matter decomposition and CO, emission from soils. Furthermore,
exchangeable cations influence soil organic carbon dynamics by affecting
microbial biomass, controlling the size and activity of microbial
populations, and altering the physicochemical properties of their growth
environment.
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Table 1. Characteristics of the clays saturated with cations studied in the experiment.

. . e b s s s o
EC (1:5) (uSfem) - pH (1) surface charge density SSA (m‘/g) o
2 CEC (mmol/kg)
(mmol/m") BET EGME Clay
Al Ca Na Al Ca Na Na-Clay Ca Na Ca Na
IS
28 37 25 5 6.805.40 1.23x10° 1050 4676 49 742850 7O
Vermiculite
-3 NP3
31 39 26 4.806.405.50 2.54 x 10 2540 85.50 115.01 852 991 |
Zeolite

SSA: Specific Surface Area

CEC: Cation Exchange Capacity

EC: Soail Electrical Conductivity

EGME: Ethylene Glycol Monomethyl Ether

BET: Brunauer-Emmett-Teller

Surface charge density = CEC/ Total surface area (38)

1- Clinoptilolite
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Figure 1. Spectrum of vermiculite and zeolite using X-Ray diffract meter.
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Table 4. The results of variance analysis of the effect of type and content of clay and type of exchangeable
cation on microbial respiration, microbial biomass carbon and carbohydrate concentration.
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e
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biomass carbon.
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concentration extracted with hot water and dilute acid.
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