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Abstract: Fixation and release of ammonium (NH4+) are the important processes influencing nitrogen availability
in soils, particularly in soils containing 2:1 clay minerals, because of such clay minerals can fix ammonium in
their interlayer sites. The objective of this study was to investigate soil factors affecting fixation and release of
NHA+ in soils containing 2:1 clay minerals. The representative soils in this study were Takhli soil series (Tk), Ban
Mi soil series (Bm) and Chong Khae soil series (Ck). Soil samples from plough layer (Ap horizon) were collected
to determine exchangeable NH," and non-exchangeable NH," contents. Fixation and release of ammonium
were studied by addition of 1,000 mg NH;/kg soil and incubated soil samples at field capacity for a week. The
results showed that exchangeable NH4+ contents in these soils were very low (0.01-3.95 mg/kg) and non-
exchangeable NH4+ contents ranged from 71.4 to 119.3 mg/kg. Fixation of NHA+ contents varied from 11 to 90
mg NH;/kg soil and release of NH4+ contents varied from 211 to 703 mg NHJ/kg soil. Ammonium release
showed good fit with parabolic diffusion (R2 = 0.85-0.97) and Elovich equation (R2 = 0.93-0.99). These results
indicated that release of NHA+ in these soils was diffusion controlled-process and may occur on heterogeneous
surfaces i.e. exchange site and interlayer site of 2:1 clay minerals, including adsorption sites of organic matter.
Soil factors affecting adsorption, fixation and release of NH ; in these soils were extractable Ca, extractable Mg
and organic matter content. Ammonium adsorption tended to decrease with increasing extractable Ca content.
Whereas ammonium fixation tended to decrease with increasing extractable Mg and organic matter contents

and vice-versa for ammonium released.
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Table 1. Soil sampling sites
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Soil series Location
Takhli (Tk) Nakhon Sawan Field Crops Research Center, Suk Samran subdistrict,
Tak Fa district, Nakhon Sawan province
Ban Mi (Bm) Nong Don subdistrict, Nong Don district, Saraburi province

Chong Khae (Ck)

Roeng Rang subdistrict, Sao Hai district, Saraburi province
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- Parabolic diffusion model :
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q = a+bt (Eq.1)

- Elovich equation :

q = a+bin(t) (Eq.2)

- Power function :

In(q) = In(a) + bin(t) (Eq.3)
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Table 2. Some physicochemical properties of studied soils

Avail. Extr. Extr. Extr. Extr.

Soil  Sand Silt Clay Texture pH OM TN CEC

P Ca Mg Na K
series

(mmmmmmmee Yo-mm--mm-n ) (--g/kg-)  mg/kg (cmol/kg) ( g/kg )
Tk 154 516 33.0 SiCL 8.2 16 0.77 39.3 41.8 13.5 0.32 0.08 0.18
Bm 4.1 342 617 C 6.9 30 0.90 16.2 58.8 11.6 0.74 0.27 0.11
Ck 5.5 453 49.2 SiC 5.9 27 0.98 34 30.5 43 0.58 0.29 0.14

SiCL = silty clay loam; C = clay; SiC = silty clay; TN=Total nitrogen; OM=organic matter; Avail. P = available P; CEC= cation exchange

capacity; Extr.= extractable
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Table 3. Semi-quantitative minerals of clay and silt fractions for investigated soils

Soil Clay fraction Silt fraction
series Smec I Kao Qtz Qtz 7 Aclay 10Aclay Cal Ab An
Tk XXXX - - X XXX - - XXX - -
Bm XXXX - tr tr XXXX - tr - - tr
Ck XXX tr X tr XXXX tr tr - -tr -
Smec= smectite; Il = illite; Kao = kaolinite; Qtz = quartz; Cal = calcite; Ab = albite; An = anatase

tr= trace (<5%), x= small (5-20%), xx= moderate (20-40%), xxx= large (40-60%), xxxx= dominant (>60%)

Table 4. Exchangeable NH," and non-exchangeable NH, contents in control soils

Soil series Exchangeable NH," Non-exchangeable NH,"
(--—-—mg/kg-—-—-) ( mg/kg )
TK 0.83 71.4
Bm 0.01 73.8
Ck 3.95 119.3
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Figure 2. Ammonium released characteristics (a) and data fitted to models describing NH4+ released (b)

parabolic diffusion model (c) Elovich equation and (d) power function

Table 5. Parameters of models used to describe the released kinetic of NH,” in studied soils

Soil series Parabolic diffusion Elovich equation Power function
Slope Intercept R Slope Intercept R Slope Intercept R’
Tk 22.2 27.2 0.97 66.5 72.3 0.99 0.43 3.54 0.98
Bm 55.2 149 0.90 198 215 0.97 0.41 4.68 0.92
Ck 28.4 125 0.85 93.3 31.8 0.93 0.33 4.50 0.89
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