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Introduction

Soil texture is one of the most influential characteristics that affects the decomposition and retention of soil
organic matter, as it directly or indirectly impacts the soil's physical, chemical, and biological properties. Soil clays
play an important role in soil organic matter stability. Organic matter adsorbed on phyllosilicate clays is more
resistant to microbial decomposition than organic matter that has not interacted with any mineral. Exchangeable
cations through the influence of physical and chemical characteristics of the soil probably cause changes in the
absorption and retention of organic matter. In previous studies, the effect of soil texture on organic matter retention
has been investigated, but the impact of clay type and exchange cation has not been investigated. This study aimed
to examine the effect of different contents of vermiculite and zeolite clays and exchange cations on the
mineralization of organic nitrogen.

Materials and Methods

A factorial experiment was conducted in a completely randomized design with three replications to study the
effect of the type and content of clay and the type of exchange cations on organic nitrogen dynamics. Experimental
treatments include two types of clay (vermiculite and zeolite), four different levels of clay (0, 15, 30, and 45%), and
three types of exchangeable cations (Na*, Ca?*, and AI®*). The experiment included 24 treatments and three
replications. There were total of 72 experimental units. Artificial soil of 50 grams was prepared separately according
to the amount and type of clay and the type of exchange cation. "Next, alfalfa plant residues were added to all
samples at a rate of 5% w/w. After inoculating and air-drying the samples, the moisture content was adjusted to 60%
of the field capacity (FC) using distilled water. To prevent excess water from affecting the final moisture readings,
the samples were first air-dried, and then sufficient distilled water was added to each sample to achieve 60% of FC.
The samples were then kept in the dark for 60 days at a temperature of 23 °C. Distilled water was added and sealed
to the bottom of the incubation jars to keep the moisture content of the soil samples constant during incubation. The
percentage of mineralized nitrogen, microbial biomass nitrogen, and the activity of acid and alkaline phosphatase
and cellulase enzymes were determined in the prepared samples. The data were analyzed using ANOVA, and the
means were compared using Duncan's Multiple Range Test (DMRT). Before applying ANOVA, the data's normality
and variance homogeneity were checked using Kolmogorov- Smirnov and Levene tests, respectively. The SPSS
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software (Windows version 25.0, SPSS Inc., Chicago, USA) and SAS software (version 9.4, SAS Institute Inc.,
Cary, NC) were employed for data analysis.

Results and Discussion

The results of variance analysis of the data showed that the effect of the type and content of clay and the type of
exchangeable cation on the percentage of mineralized nitrogen, microbial biomass nitrogen, and the activity of acid
and alkaline phosphatase and cellulase enzymes were significant (p< 0.01). The results revealed that, regardless of
the duration of the samples, with the increase in the amount of clay, the percentage of inorganic nitrogen and the
activity of enzymes decreased, but the nitrogen of microbial biomass increased. The highest percentage of inorganic
nitrogen was obtained 60 days after incubation of the samples and in clays saturated with calcium, and the lowest
amount of these attributes was obtained 15 days after incubation of the samples and in clays saturated with
aluminum. The results showed that nitrogen mineralization increased with the samples' incubation time. Also, the
highest percentage of mineralized nitrogen, microbial biomass nitrogen, and enzyme activity were observed in soils
with vermiculite.

Conclusion

The increase in the incubation duration enhanced the percentage of inorganic nitrogen. The percentage of
mineralized nitrogen and microbial biomass nitrogen was higher in soils with vermiculite than in soils with zeolite.
Moreover, regardless of the incubation duration of samples, with increasing clay content, the percentage of
mineralized nitrogen and enzyme activity decreased, but with increasing clay nitrogen content, microbial biomass
increased. The highest and lowest amounts of mineralized nitrogen and nitrogen of microbial biomass were
measured in soils with calcium and aluminum, respectively. The results showed the effect of the clay type and
content and the exchangeable cation type on organic nitrogen dynamics.
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Table 1- Properties of alfalfa residues and soil used in the preparation of inoculum

asg bl Organic carbon Total nitrogen Phosphorus Potassium
Alfalfa residues % - %
48.21 3.7 13 0.3 2.34
. pH EC Ji U")S 5 0)9)':3‘;
Sk Organic carbon Total nitrogen
Soil - pS/cm %
7 864 0.5 0.03
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Table 2- Characteristics of vermiculite and zeolite clays used in the experiment

oty g Iols ey IS
Specific surface area (SSA) . H ECas)
melg eI PHws)
CEC Charge
O¥) 9 EGME. : BET density ’ ' puS/cm
Cay type o gludl (9 £ o il (98 g9
Saturated cation Saturated cation
mmolckg mmold/m? — —
i oS S i pandS poriaogl]  idw S ogniegl]
Na Ca Na Ca Na Ca Al Na Ca Al
w'l’f <2 g5Q 742 49 46.74 1050 1.23 x 103 54 6.8 5 25 37 28
Vermiculite
Z%Jlfi 991 852 115.01 855 2540 2.54 x 108 55 6.4 4.8 26 39 31
eolite

SSA: Specific Surface Area

CEC: Cation Exchange Capacity

EC: Soil Electrical Conductivity

EGME: Ethylene Glycol Monomethyl Ether
BET: Brunauer Emmett Teller
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Table 3- The results of variance analysis of the effect of type and content of clay and type of exchange cation on
the percentage of mineralized nitrogen and microbial biomass nitrogen

©layo (a0ke
Mean square

i e i
S T IPRTA 4 QI e e ey
Sl &R df Mineralized nitrogen PR 09
Sources of variation - 95w
ol plojose iy
Incubation time Mlcro_blal biomass
nitrogen
15 30 45 60
o) & 1 0.11** 0.56** 1.15%* 1.97** 9.24**
Clay type
o) e 3 8.71** 20.48*  40.65**  67.90** 112.85 **
Clay content
P 05 £ 2 030%  L4I¥  311% 411 171.76%*
Type of cation
o e X £ 3 001*  011**  031*  0.49** 1.43%*
Clay type x Clay content
B 0 g5 X &9 2 003* 009  006%  0.04** 0.95%*
Clay type x cation
P 0o 55y e 6 0.04*  0.17**  0.38**  0.49%* 20.07**
Clay content x cation
P 03 £ ke X 5 0.01%*  0.05%*  0.06%*  0.08** 0.61%*
Clay type x Clay content x cation
(b 48 0.0003 0.002 0.001 0.002 0.11
Error
S 4003 - 403 3.68 3.11 221 431
CV (%)
s Y3 me BMBINS g Jl5 sme 720 9 4V graws (> oy # g s
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E" 16 -
- 0
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o E
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Figure 2- The effect of type and clay content and type of exchange cation on microbial biomass nitrogen
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Table 4- The results of variance analysis of the effect of type and clay content and type of exchange cation on
activities of acid and alkaline phosphatase and cellulase enzymes
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Figure 3- The effect of type and clay content and type of exchangeable cation on the activity of acid phosphatase enzyme
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Figure 4- The effect of type and clay content and type of exchangeable cation on the activity of alkaline phosphatase enzyme
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Figure 5- The effect of type and clay content and type of exchangeable cation on the activity of cellulase enzyme
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