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Ionic Effect of Salts on Mineral Nitrogen Release in an Allophanic Soil’
A. S. AGARWAL, B. R. SINGH, AND Y. KANEHIRO?

ABSTRACT

A comparison of the effects of sulfate and chloride salts on
N release and microbial activity in Akaka soil showed that only
sulfate salts at low concentrations increased CO, evolution.
The chlorides were more effective than sulfates in effecting
NH,-N release in the soil. The addition of CaCl, « 2H,0 re-
sulted in the greatest NH N release, followed by that of KCI
and NaCl. Amoug sulfates, K50, ranked first, followed by
Na,80, and CaSO, « 28,0, The idea that certain chemical ve-
actions and/or processes are imvolsed in splitting NH-N from
organo-inorganic vompleses of a soil and that NI dons are
subsequently exchanged with cations in the surrounding soil
solution was further subsantiated by results of this investica-
tion. The exchange reaction was noted to depend on the nature
and valence of the cation, concentration in the soil solution,
length of reaction. and the anionic species associated with the
cation. The capacity of the cations for releasing NH-N de-
creased in the order Ca “- K Na for the chloride «cries.

Unlike the NH-N release pattern. sulfates were more cffee
tive than chlorides in promoting nitrification. In general, all
salts, excepting CaSO, - 2H.0. at higher concentrations cur-
tailed nitrification. The results indicated a real participation of
anions in soil N release. Two salts containing the same cation
but different anions released different magnitudes of N at an
equivalent concentration. Thus, the results of this investigation
provide further support for the role of cations in soil N release
and, in addition, furnish reasonable evidence of the participa-
tion of anionic species. A consideration of the overall values of
NH,- and NO.-N at various salt concentrations led to the series,
CaCl, + 21,0 - KCI - NaCl ~ K,$0, - Na,$O, >+ CaS0, *
21,0, in order of decreasing N release power.
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N A PREVIOUS paper, Singh et al. (14) reported the re-
I sults on the eftect of chloride salts on the release of
mineral Noan two Haw aian soils, viz, Akaka sty clay and
Wahiawa silty clay. They included chloride salts of Nau K.
Ca. Mg, AL and Fe i concentrations ranging from 0 to
14, The magnitude of NH-N release depended on the
nature and valence of the cation and was o direct tunction
of salt coneentration and length ot meubation. They specu-
lated that NH =N comes from the breaking down ol micro-
bial vetls and or from chenneal processes. Onee NH - ons
are released from soil organo-inorgame complexes, the cat-
jon has o second but large effect on exchange reactions in
transterring the NH,
tion. Considerme the overall effect of the cations on
NH-N release, they formulated the series, Al - Fe
Ca - Mg - K - Na,in order of decreasing NH, - replac-
e power. 1t s pertinent to mention that the anion, viz,
chloride. was hept constant 1o get a clear insight of the
cationic effect on NH, - release. There was hittle or no
change in the NO,-N content of the soid. The investigation
reported herein was undertaken to study the effect of salts
contmming different anions on N release in the allophanic
Ahaka soil. The influence of salts on CO, evolution was
also measured.

jons from surface sites to soil solu-

MATERIALS AND METHODS

The Akaka silty clay (Typic Hydrandept) was collected
from the Hilo Coast on the Island of Hawaii. The soil is de-
rived from volcanic ash and. although comparatively young in
age. it is highly weathered. Tt has developed under an annual
rainfall of over S m (200 inches) with no pronounced dry
season during the year. The moisture equivalent value (deter-
mined by the centrifuge method) of thic soil is 165, at which
maisture level the soil was incubated in Lubsequent treatments.
The ¢l fraction contains large amounts of allophane and
hydrated iron-aluminum oxides. In the hydrated state, the soil
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has a cation exchange capacity of 80 meq/100 g and a base
saturation of 2%. The soil possesses a very high buffering capac-
ity. It contains 14.6% organic C and 0.8% total N (all values
expressed on oven-dry weight basis) and has a pH of 4.4. The
soil was prepared by passing it through a 6-mesh sieve.

The soil was treated with NaCl, Na,SO,, KCl. K,SO,,
CaCl, * 2H,0. and CaSO,+2H,O in concentrations ranging
from 0 1o 0.56A1. The osmotic pressure in the soil solution due
1o these salts was caleulated by the van't Hoff equation for
strong clectrolytes (12) and is explained in more detail in an
carlier paper (14).

The incubation procedure was essentially the sa ae as de-
seribed by Singh et al. (14). Soil samples of 25 g each (on
oven-dry basis) were placed in S00-ml Erlenmeyer flasks. The
calculated amount of the respective salt was added to the soil
in the flask and mixed well. The mouth of the flask was tightly
capped with polyethylene film. Samples were incubated for
periods of 7. 14, and 23 days. At the end of each period, sam-
ples were analyzed for NH,- and NO-N by the micro-Kjeldahl
distillation procedure of Bremner (2). Aeration in incubating
samples was provided by removing the stoppers for 1 minute,
first at 48-houe intervals and subsequently every 72 hours.

The €O, evolved was measured in another set of {lasks
receiving o similur treatment as above. The CO, was deter-
mined at frequent intervals up to 23 days. The procedure was
essentially the same as deseribed by Agarwal and Kanehiro (1).
It consisted of trapping evolved CO. in § ml of standard 1N
NaOH soluton placed in a glass vial which was suspended
from o corh stopper in o S00-mi Erlenmeyer flask containing
SO g soil. The excess alkali was ttrated against standard 0.5N
HCL Jurther details of this procedure are also found in Singh
etal. (14).

RESULTS AND DISCUSSION
Effect on Carbon Dioxide Production
Data on the influence of salts on CO, production are
shown in Table | for Na-, K-, and Ca- chlorides and sul-
fates. The amounts of CO, evolved from the samples treated
with chlonde salts of Na, K, and Ca were generally lower

Table 1—Effect of chloride and sulfate salts on the production
of carbon dioxide (cumulative) in the Akaka silly clay

Modar Gt Iy~
alt cnn pressur . i4 21
M am me (g $0f| ———
Nat'l [ETi) 1) om 20 11 %y
g 0o [ k11 n
1Hous [ 15 2" H
[INILTY 2 A s PL] 44
[Tl 13 90 in 9 1
ok P 1) 19 30 W
Ninght ), [Tt 0oy M 1 42
[IRUT 1, 83 2 40 63
] EAL) 28 5] Hh
(L 41 22 3" 5
o 2n 20, M 18 W 44
o % 41 b0 8 28 19
K| 0o 0 onn 19 1 5
[TRUT [TRLTN TS 8 )
0428 1w 1h 2 +H
[ERTLY) R 1 " 0 1]
2K IR 1 19 12 44
oS 27 w0 L] 19 82
[ NE°T% 01 T Iy I M
& ng "M 25 46 hh
0N 2l 2 19 Sy
005 [T 2 17 54
.28 2080 19 n 11
[T 460 v ” AL
Call, H 0 (1] oo n " .7]
0 ] LY 11} 1] 49
0y Loy n 1 A1
(DNt 408 7N 1h (Y]
noon JuRD 2 40 54
i &b 4} hu 0 9 84
Casoy 2,0 (7] "o 19 ETY 5]
NRUE] T 21 1] 57
002y 1w a1 18 hed
0oose L] n " %1
oola (R 1) Pl A} $3
S P 21 L] 54

than the control. The CO, production inttially declined
sharply at low osmotic pressures (OP) caused by the addi-
tion of chloride salts, but increased a little later on. In any
cvent, the magnitude remained lower than the control.
Singh et al. (14) similarly found lowered CO, production
with chloride salts. Among the sulfates, Na,SO, and K,50,
resulted in higher CO, production at lower OP and lower
production at higher OP as compared to the control. This
indicates that sulfates acted as a stimulus to at least sone
organisms at low concentrations. With CaSO, * 2H.0. the
CO, values generally showed no difference from those of
the control irrespective of the inerrase in OP. possibly due
to the low solubility of this salt which failed 1o create the
desired OP in the soil system. Only at the two lowest salt
concentrations at 23 days was there anv significant increase
in CO, production over that of the control. Therefore. it
can be concluded that the addition of salts had littde or no
stimulative effect on the microbial activity in the Akaka
soil except the sulfates at low concentrations.

Effect on NH;-N Release

The NH-N release data for Akaka soil treated with chlo-
ride and sulfate salts are given in Table 2. (Minus figures
in this table indicate lower values than mitial NH,- and
NO,-N in the soil). The chlorides were very effective in
causing NH-N release in the soil. Calcium  chloride
additions resulted in the greatest release of NH -N among
the salts tested. The effect of KCI was next to that of
CaCl, - 2H,O and was followed by NaCl in the order ol

Table 2—Effect of chloride and sulfate salts on NHy and
NO:-N release in the Akaka silty clay (ppm N
represents change in NHy- .nd NO:-N status,
before and after treatment)
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* Minua figures indleate lower values than {nitlel Ny and NOy N o the soll
1 Osmotic pressures for CaS0O), 21,00 are culeulated vatues; actud vilues are pre
sumed to he lower because of 1the Tow solubility of this compound
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decreasing magnitude of inducing NH N release. Sulfates
were less effective than chlorides. Among the sulfates,
K,SO, ranked first in effecting NH-N release, followed
by Na,SO, and lastly by CuaSO,-2H,0. The failure of
CaSO, * 2H,O o rank first among sulfates  when
CaCt, » 2H,0 did so among chlorides can be explained on
the basis of the low solubility of the former compound.
Because of this low solubility. CaSO,+2H,0 csulted in
a low activity of cations in the soil solution and alsc failed
to produce the desired OP in the system. The same cution
associated with different anions had a varving effect on N
release in the soil even at the saume concentration. This
leads us 1o conclude that both cation as well as anion
species are involved in effecting N release from the organo-
inorganic complex or in exchange reactions involving ad-
sorbed or fixed ions in tne2 soil.

The magnitude of NH N release. except with CaSO, -
2H,0. generally increased with successive increments
salt concentration. The negative values for NH-N (Table
2) at lower concentrations of all salts and at all concentra-
tions of CaSO, - 2H.,0 are due 1o nitrification of released
NH-N, as will be discussed later on. The NH =N release
increased with time., although the magnitude of release was
related to the Kind and amount of the salt.

Several investigators (6, 7. 10) reported that salts stimu-
late ammonifiers. Increased NH N release (Table 2) in
this experiment might lead one to support this view. But
as pointed out carlier. CO, production remained lower in
chloride-treated samples and was slightly higher at lower
OP and lower at higher OP in sulfute-treated samples,
(except for CaSO, » 2H,0) than the control (Table 1) The
data in Table 2 show that the NO,-N content of salt-treated
samples was higher at lower concentrations of chlorides
(which resulted in lesser CO, evolution), as well as at
lower concentrations of sulfates (which resulted in higher
CO, evolution), as compared to the controls. Thus, the
salts seemed to have no stimulative effect on microorgan-
isms, and even if they did, it may just have been limited
to nitrifiers, depending of course upon the salt and its con-
centration. Therefore, whatever the stimulative effect of
salts on microorganisms, it cannot account for the NH-N
release. Another explanation for NH =N release could be on
the basis of “osmotic effect”™ as was advanced by Broad-
bent (3). He believed that NH-N comes from microbial
cell breakdown due to increased OP and subsequent cell
lysis. However, OP is not the sole factor contributing to
NH -N release. because different salts at equivalent OP or
concentration resulted in different magnitudes of NH -N
release in the experimental soil. Singh et al. (14) postu-
lated that in addition to the “osmotic effect.” certain chemi-
cal reactions and,or processes are also involved in splitting
off NH-N from organo-inorganic complexes of a soil, and
NH, " ions are subsequently exchanged with cations in the
surrounding soil solution. The exchange reaction depends
on the nature and valence of cations, concentration in the
soil solution, and period of reaction. The data in Table 2
indicate that NH -N release is also dependent on the ani-
onic species associated with a particular cation. The results
on NH,-N reported herein further support the above view

of Singh et al. (14). Replacing power of different cations
based on hydrated ionic size and valence is of considerable
significance. Replacing power is fairly well known to de-
crease in the order: Ca o- K - Na. The capacity of these
cations in releasing NH,-N from organo-inorganic coni-
plexes also followed this same order in this investigation.

Effect on Nitrification

The data on the nitrification of released NH-N due 0
the chloride and sulfate salts are also included in Table 2
Untike the NH -N refease pattern, sulfates were more effec-
tive than chlorides in promoting nitrification. Sodwm sul-
fate and potassium sulfate additions promoted nitrification
but only ut the two and three lower concentrations, respec-
tively: the two higher rates were detrimental. However,
appreciable nitrification occurred with caleium suitate
all rates, with the magnitude being greater at higher than
at lower concentrations, In the case of KCEand NaCl treat-
ments, nitrification was stimulated at the lowest concentra-
tion (Q.01TN ) slightly depressed at the neat higher concen-
tration (L028N) and greatly depressed at the three highest
concentrations, It was curtalded with CaCl, - 2H O, v
cept tor the appearance of some nitrate at the Towest con-
centration at the end of 23 davs. Apparently, chlondes
are more toxae to nitrifiers than saltates. The data ¢ Table
2) further indicate that CaCl, < 2H,0 at abl concentrations
and the other salts texeept for CaSO, -+ 2HL00 at higher
concentrations curtaited nitritication: this is consistent swath
the carlier reports 14, 8.9, 11 130 The observation that
nitrification was alfected Jess by N SO, than by NaClhas
agreement with that of Johnson and Guenzi (9, The pro
mation of nitrification by CaSO, - 2H O v in Tine wath the
data of Pathak and Jain (13 who reported that itnihica
tion was stimufated by CaSO, and MgSO | up o certam
concentrations. That anions mav have been active i etard
ing nitnfication is suggested by the reports of Butossha
(5). He considered chlorde jon to be active when nineh
cation wan decreased by NaClo In this experiment higher
concentrations of sulfates apparently plaved a role sinular
to that of chlorides, although to a lesser extent.

CONCLUSIONS

Evidence presented herein indicates that the nature and
extent of participation of anions in soil N release may be
somew hat diffuse: nevertheless, there is o real participation
and a difference in behavior of the antons studied. Two
salts containing the same cation but different anions, e.g.
NaCland Na, 80, or KCEand K 80, at equivalent concen-
trations, produced ditferent magnitades of N release, thus
suggesting the role of anions in this phenomenon. It only
cations were responsible for the observed release of sail N,
then KCl and K,SO, or NaCl and Nu SO, shovdd have
cffected N release of simitlar magnitude, Differences in
behavior of anions in N release is amply evidenced by
comparing values of NH,;* and NO,  associated with
chlorides and sulfates of common cations in the salts
studied.  Thus, CaCl, - 2H,0, KCL and  NaCl  enbloc
proved more effective in N release than K,80,. Na,S0,.
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and CaSO, - 2H,0. The results of this experiment provide
further support for the role of cations and. in addition,
furnish reasonable evidence of the participation of anionic
species in N release. The nature and extent of the contri-
bution by individual cations and anions may be rather dif-
ficult to comprehend fully at this stage.

Taking into consideration the overall values of nitrogen
tNH, "+ NOy ) release at various concentrations of
added salts, the following series in decreasing order was
obtained:

CaCly+2H.0 ~ KCI > NaCl > K,S0,
> Na.SO, > CaSO,-2H.0.

Although this study was conducted in the laboratory, it
has field implications, The additions of nonnitrogen ferti-
hizers, such as potassium chloride [which is commonly up-
plied at the rate of 280--336 kg K,O/ha (250-300 Ib/acre)
for a sugar cane crop (Saccharum officinarum 1.3 grown in
the Akaka and related soils]. mav trigger the release of N
from soil organo-amnorganic complex with o resultant in-
creased N uptake by crops. A crop like the sugar cane could
suffer detrimental effects on vield if this release unexpect-
edly occurs at a time when it is imperative that the N
supply be kept low. Thus, it is important to consider the
elfects of nonnitrogen fertilizer applications in the overall
nitrogen program of crops, especially those grown in high
organic matter soils in wet regions,
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