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Abstract

The effects of addition of 0.1, 0.25, 0.50 and 1.00% NaCl and equivalent
levels of Na+ as NaaSO4 on N-mineralization and nitrification were studied
after 6 weeks of aerobic incubation of Fatki series soil ( F-soil, pH 7.6 ) and
Tejgaon series soil ( T-soil, pH 4.9 ).

In the F-soil, N-mineralization was not affected by 0.1% NaCl, was
decreased by 0.25%; and was stopped by 0.50 and 1.00% levels; nitri-
fication decreased with increasing NaCl, but did not completely stop even at
1.00%,. Tn the equivalent sulphate series, N-mineralization and nitrification
were not affected by 0.1 to 0.57; levels, the 1.00% level however, moderateoly
depressed both the processes.

In the T-soil, N-mineralization was not affected by any level of NaCl;
nitrification was greatly affected by 0.1% NaCl and stopped by the higher
levels. In the equivalent sulphate series, N-mineralization was not affected
by 0.1 to 0.5% levels but was increased somewhat at 1.00%; nitrification

declined considerably with increased sulphate to 0.25% and was stopped
by the higher levels.

Introduction

Lipman (1) was probably the first to show that addition o1 sotuble salts
to soils affected N-mineralization. Greaves (2) found that soil texture and
moisture content influenced the relative toxicity of addad salts. Brown and
Hitchcock (3) and Sindhu and Cornfield (4) found that low concentrations of
some salts stimulated nitrification though the process being inhibited at higher
concentrations of the salts.

The present work reports on the effects of adding varying levels of Na+

as. chloride and sulphate on N-mineralization and nitrification during aerobic
incubation of a slightly alkaline and an acid soil of Bangladesh.

Material and Methods

Samples of soils representing two soil series were selected for the study.
These series include the Fatki and Tejgaon. Samples of the two soils wero
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collected from the top 25 cm over several acres. The Fatki serics soil 15 design-
ated as F-soil and the Tcjgaon series soil as T-soil in the text. The composite
samples were air dried and passed through a lmm sieve.

The F-soil had a pH of 7.6 (soil : water ratio 1 : 2.5) and contained 242
clay, 387%(silt, 389 sand, 0.559{ organic carbon, 0.081% total-N, 41.8 ppm
ammonium-N and 11.2 ppm nitrate-N. The T-soil had a pH of 4.9 and con-
tained 26 9; clay, 229 silt, 529 sand, 0.55 7o organic carbon, 0,069% total-N,
101.4 ppm ammonium-N and 4.0 ppm nitrate-N.

Bulk quantitics of both soil types were mixed with fincly ground NaCl
to supply 0.1, 0.25, 0.5 and 1.0% levels of Na* on the dry soil basis. Further
quantities of both soils were mixed with finely ground Na.SOy4 to supply the
same levels of Na+ as in the chloride scries, 10 g portions of each treatment
and control (no added Na+) were set up in triplicate in 10 cmx2.5¢cm
diamcter glass tubes and was added to 50%¢ saturation (an acroblc moisture
content). The barium peroxide method (5) was used for acration and absorp-
tion of CO, during incubation (30°C) of the tubes, which were closed with
rubber bungs. After incubation (6 weeks) the soils were shaken with 10 ml
water and the pl and the Fe of the suspensions determined. Then 10 ml of
2N KCl was added and after vigorous shaking the tubes were centrifuged.

The supernatant liquid was analysed for ammonium- and nitrate-N by micro-
diffusion method (6).

Results

Results in Tables I (a, b) and II (a, b) show accumulation values (obtained
by substracting initial values from those after incubation) for ammonium-N,
nitrate-N and mineral-N (ammonium-N-+nitrate-N) as affected by different
rates of Na*+ as NaCl and Na,SOj; salts. Negative values of each form of
mineral-N indicate decrcase due to incubation. Ic and pH values of the
aqueous suspension after incubation are also presented.

Nitrification (nitrate accumulation) in the F-soil was not affected by
0.17% NaCl, while in the T-soil it was reduced considerably (more than 84 %
decrease). Although rate of nitrification declined further with increasing rates
of NaCl in the F-soil, yet there was slight nitrification even at 1.0% NaCl
(ca. 8% of original). In the T-soil however, nitrification was stopped by
0.257; and higher levels of NaCl. N-mineralization (ammonium- --nitrate-N
accumulation) in the F-soil was not affected by 0.1% NaCl, was almost halved
by 0.259% NaCl and was stopped by 0.4 and 1.0% NaCl. In the T-soil,
N-mineralization was not significantly affected by any level of NaCl.
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Table 1.

Effects of varying levelssf MNa+ as NaCl on mineral nifrogen accumulafion
during acrobic incubation of Fatki (a) and Tejgaon (D) series soils.

°/ Na+ as NaCl NH4-N NO,;-N Mineral-N H Ec
4 ppm ppm ppm P mS
(@)
0 —40.8 77.1 3G6.6 7.7 1.10
0.10 —40.8 73.2 34.4 17 1.93
0.25 ~40.2 58.2 18.2 7.6 3.10
0.50 —~355 31.2 -43 T3 4.90
1.00 —20.8 6.4 —14.4 7.7 8.50
(b)
0 ~-31.4 57.6 26.2 4.4 0.50
0.10 14.3 9.2 23.5 4.8 135
0.25 24.9 —-0.06 24.3 4.8 2.70
0.50 26.3 —0.6 257 4.8 5.00
1.00 252 -1.7 23.5 4.8 9.50
. LS.D.
P 0.05 2.1 3.0 2.3

Negative values inducate less of cach mineral-N form after incubation than initial.

Table IT,

Effects of varying levels of Nat applied as Na2SO4 on mineral nitrogen accumu-
lation during acrobic incubation of Fatki (a) and Tejgaon (b) serics soils.

%/ Na* as Na,SO, I;Ipi-;‘N T;II%,;N gf)‘t‘:f””“N pH £
()
0 — 408 771 36.3 7.7 1.10
0.10 —412 78.1 37.2 77 1.80
0.25 —41.3 78.0 36.7 7.1 2.70
0.50 ~412 75.6 34.4 7.1 4.00
1.00 —~412 61.5 26.3 1 6.00
(b)
0 —-314 57.6 206.2 4.4 0.50
0.10 —~20.2 43.1 22.9 47 1.15
0.25 5.6 20.1 257 438 2.40
0.50 241 2.7 26.8 5.1 4.10
1.00 36.8 - 35.6 51 7.50
L.S.D. P 0.05 2.1 3.0 33

Negative values indicate less of each mineral-N form after incubation than initial.
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Comparisen of the cffects of Na,SO, (Tables Ia, 11 ) levels on nitrifica-
tion in the two soils show that the salt practically had no effect due to an
application rate of 0.1 to 0.59% Na-equivalent as Na,SO, and only a slight
decrease due to 1,09 level in the F-soil while in the T-soil, the nitrification
was reduced to more than 509, even at 0.25% Na-equivalent and being
stopped beyond 0.59] level. N-mineralization in both soils was hardly aflected
by 0.1 to 0.5% Na-equivalents of Na,SO;.  With the 1.0% level, N-mincraliza-
tion was decreased in the F-soil (ca. 29%) but increased in the T-soil.

In the F-soil mincralized N accumulated entirely as nitrate with alt levels
of Na* as chloride and sulphate. In the T-soil, on the other hand, mineralized
N accumulated entircly as ammonium with 0.25 to 1.0% levels of Na+ as NaCl
and 0.5 to 1.09; levels of Na* as Na,SO;.

Discussion

The gencrally higher toxicity of Na* as chloride than as sulphate in both
soils suggests that it is the chloride rather than the associated cation which is
the toxic factor to both nitrification and N-mineralization or alternatively,
the toxic eflect of excess Nat is a manifestation of the accompanying anion.
The relatively low toxicity of sulphate compared to chloride, particularly at
higher levels of Nat, is probably duc to the ability of the microbial celis to
metabolise much of the sulphate absorbed thus preventing damage from
plasmolysis. Negligible metabolism of chloride occurs in cells, thus it accumu-
lates to a level where plasmolysis could oceur.

From a different study with the T-soil (7) it is gathered that a hetero-
trophic rather than the more usual autotrophic process was responsible for
nitrification.  The high accumulation of nitrate (57.6 ppm N) in the control
soil even at a pH 4.4 probably precluded the activity of the usual autotrophic
nitrificrs (unless acid-adapted strains of autotrophic nitrificrs had evolved in
this soil, but there was no evidence for this). The great decrease in nitrification
due to even 0.19 NaCl and complete inhibition with 0.25% NaCl compared
with only a moderate decrease in nitrification in the F-soil suggests that the
presumed heterotrophic nitrifiers in the T-soil are particularly susceptible to
even low levels of NaCl. It has been shown that several heterotrophs including
actinomycetes, fungi and bacteria isolated from soils are able to produce nitrate
in suitable cultures containing only organic nitrogen sources as substrates
(8,9,10). Evidence was obtained that an autotrophic nitrification process was
responsible for nitrification in the F-soil (7).

The virtual absence of inhibition of N mineralization in the T-soil duc
to any level of applied Na+ as chloride or sulphate indicates that the activity
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of the heterotrophic ammonifying organisms as a wholc was hardly affected.
Alternatively some types may have been affected while other types became
relatively more active in competition for the substrate. The increase in N-
micralization duc to 1.0% Na* cquivalent of NasSOy in the T-soil may have
been duc to the death of the more susceptible hetcrotrophs carly in incuba-
tion followed later in incubation by increased activity of other types of hetero-
trophs, which survived this level of Na,SOy, resulting in production of extra
ammonium-N by the end of incubation.

In comparison with the control soil the pH levels of the F-soil werc
slightly affected during incubation (not greater than 0.1 unit) by addition of
NaCl or Na,SO; at all levels. In the T-soil, on the other hand, pH was
incrcased by 0.4 units by addition of NaCl at all levels of application while
for Na,SO4 application, thc increases were by 0.3 to 0.7 units. It is consi-
dered that thesc increases in pH were unlikely in themsclves to have much
cffect on N-mincralization and nitrification. In any case, an increasc in pH
would tend to increase the activity of both processes and this might account for
the only treatment (1.0% Na* cquivalent of Na,SO,) where N-mineralization
was increascd,

In the F-soil conductivity (Ec) values showed that N-mineralization was
stopped at 4.9 mS (0.59 NaCl), while nitrification was decreased to about
607 at this salinity level. Where 1.0% Na* cquivalent of Na.S0; was added
both processes were decreased by not more than 309 cven at 6.0 mS. In the
T-soil with NaCl, 2.7 mS stopped nitrification, but with N,SO, (0.3%) it
was stopped at 4.1 mS.  N-mineralization was barcly affected by even 9.5 mS of
salinity level. The highest Na-SO; level increased N-mincralization, but it
is not considered that the clectrical conductivity itsclf was responsible for
this.
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