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Ionic Effect of Salts on Mineral Nitrogen Release inan Allophanic Soil' 

A. S. AGARWAL, B. R. SINGH, AND Y. KANEIIrIR0 

ABSTIACT 
onof sulfate and chloride salts 

A comparison of the effects 

N release and microbial activity in Akaka soil showed that only 

sulfate sails at low concentrations increased CO., esolution. 

Tile chlorides were more elfectise than sulfates ii effelting 
N11 4-N release in the soil. The addition of CaCI.• 211. 0 re-

suited in the greatest N1l 1-N release. followvd lv that of KCI 
and NaCl. Amnig sulfates, K-.So ranked first, followed b,% 

NaSO.I and (:aSO,' 211.0., Ilit idta that certain lihemicit Ic

actions and/or piocesss ate inoktd iinsplittiir NIII-N from 
t il i iandthat ions, aitorgano-inorgaiiic colnl est( o NIl I 

subsequenly exchanged\with catioils illthe surrundiing soil 
. 

solution was further snltstantiathd Ib i tiults of this inlletia 

tioI. The exchange itactioti \%as tnotd to depend on the natlrt 

and valence of the cation, oiicuntiation in the soil solutioni. 
length of reaction. and the anioni' species associated ,ith the 

cation. The capacity of the cations for releasing NIll-N de-
creased in the order Ca ".K Na for tle chloridIt'ti. 

Unlike tlte NII,-N release pattern. sulfates were iorc cfte. 

tive than chlorides in promotiing nitrifi(ation. lit c teral, , all len t ho
gher .o 'alI ( ur. 
Ca SO .,211 0, it hi 

sa lt s, excepting 
paritipvation oftailed nitrilication. The rcults indicated a real 

anions in soil N release. Two salts coitaininig tre same cation 

but different anios released dillrent ltugnitticls of N at all 

equivalent Concenitration. 'hus, the resnlts of this iisestigation 

provide further support for le role of cations in soil N release 

and, in addition, furnish reasoiahle eshnce of tirt participa-

lion of anioitic species. A consideration of the oserall values of 
Nil4 and NO:,-N at sarious salt led to the series,eonceitra ionis . 

CaCl, •211.,0 -. KCI 5-NaC KS() .-- Na SO4 _' CaSO 4 

21,10. in order of decreasing N release pnsser. 
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"N % PREVIOUS paper. Singh et al. 14) reported the re-

I stllts the salts tilereleaseon elfect of chloride on of 
mineral N into kla n soils. %I/.Akaka silt%cla, and 
\\'ahioa sili\cla\. I he1 included chloride salts 01 \,. K. 

C . MI. AI. and Fe In concentrations ranging from 0) to 
11,'1.flhe Ilainittude of MI-11-", rCleiiC depl)CdUC onl the 

the caIon and ssas a direct lunctiona nd ialence of 

ot silt concentration and lenlgth t illcubalioll. I he\ specti

tared hat N I-N comnes frot the breakinge doss iol micro

vhlk mct]s or Chellical procse s. Once Nili 1 onsaid liour 

ir ' le.,cd tronr ,oil org;no-lorgailic complexes, the cat

ion his i second hut large effect on exchange reactions in 

trarierring the Nil tons from surface sites it)soil solt
lion. 'onsiderine the o\erall effect of the cations ton 

NilI-N release. the\ f1rmulated the series, Al F-e., 
(a Mg.K - . tore dLt,,nNl'rpl

rig po\ er. It is pertinent to 11ntion that the aniotn, viz, 

to get a clear insight (i thechloride. Sas kept conslant 
or nocatollic effect on N li* release. *[hete %%as little 

change ill the NO,,-N content of the soil, i le itisesligatilon 

reported lcrein \%ias tundertaken itostud' the effect of salts 

containing different anions on N release :n the allophanic 

Akak.l soil, - lie influentce of salts rn CO, evorlution \sas 

also neasured. 

AII ALS ANt .IETIIODS 

The Akaka silty clay (Typic Iihydrandept) wsas collected 
from tIle Hilo Coast on tie Island of Ilawaii. The soil is de
rived frot volcanic ashI and. althonugh comparatively young in 
age. it is highly weathered. It Iras developed tinder an annual 
rainfall of over 5 Ill (200 inches) ssilhtirr pronounced dry 
season dtnring the year. le mti,,tre ctliv',ent value (deter
se di tie ear. lr irnois or tisile1t ahide 
nuined b the ceitrifiige iethod tf li+ soil is 165g . at which 

sas incubated ir ahieqrient treatments. 
The cl. fraction contains large airitunts of allophane and 
hydraled iron-aliminuir oxides. In the hydrated state, the soil 

itriisture level the soil 
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has a cation exchange capacity of 80 meq/100 g and a base than the control. The CO., production initially declined 
saturation of 2%. The soil possesses a very high buffering capac- sharply at low osmotic pressures (OP) caused by the addi
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, event, the magnitude remained lower than the control.
 

The soil was treated with NaCI, Na,,SO1I, KCI. KS0 4, Singh et al. (14) similarly found lowered CO,, production

CaCI,. 2H.,0. and ("aSO4 -21-,O in concentrations ranging with chloride salts. Among the sulfates, Na.,SO 'Ind K.,SO

front 0to 6.56,11. The osmotic pressure in (the soil solution due r in C 1 I 
to these s;tIs was, calculated by the van't Hoff equation for resulted in higher CO, production at low er OP and lower 
strong clectrolytes (12) and is explained in more de'ail in an production at higher OP as compared to the control. This 
earlier paper (1.). indicates that sulfates acted Is lstinulus to at lIlst soC


The incubalion procedure was essentially the sa m as de- organisms at low concentrations. \With CASO I • 211.O. the
 
scribed by Singh el il.(14). Soil samples of 25 g eacl (on c
oven-dry bais,) %%,ere placedI in 500-til Frlenmeyer 

calculated amount of the repecti've salt was added to the soil the control irrespective of the increase in 01'. possibly title 
in the flask ;Ind mixed well. the mouth of the flask was tightly to the low solubility of this salt \\bicli faih.,l to create the 
cappetl with poWsethysine film. Samples were inicubated for desired OP in the soil system. Onil at the to Iow est sall

periods of 7. 14. and 23 days. At the end of each period, S1i11- concentrations at 23 daxs \%as there si.iiificant increase
 

ove-drpacebaisinStI-mIErlnmeer lass. Tihe O., values generally no difference front those of'wee flasks. he 	 showedk 

nIl\ 

pies were ianalied for Nil.- and NO1 -N by the micro-Kjeldail in p • 

distillation proccturc of Iremner 12). Aeration in incubating CO. production over that of the control. Therefore, it

samples wta,rrovided b, removing the stoppers for Iminute, call be concluded that the additiontiof sals had little or no,

first it48-hoi,r intcr atls and subsequently every 72 hours. stimulative effect or, the micrtobial ictis it in the Akaka


'the (0 esolved was measurcd in another set of flasks soil except the sulfates at Iow% concentraltions.
 
receiving .t sililt r treatmcnt as abtove. The CO., was deter
mined ltfictluent intervals up to 23 days. [le procedure was 
 Effect on NI Ilelease 
eSserntitlv0th, i h%Agarwai and Kanehiro (I).,;tin tldescribed 

It consisled of trapping cvoklved (O.,in 5 ml of standard IN 
 The NH,-N release data for Akaka soil treated %%ith chlo-NaOIlt soltton placed in a,glass vial which was suspended ride and sulfate salts ;iregiven in Table 2. (Minus figures

from a colk stopper in a 500-ml rleniieyer flask containing -"
 
5(0 g soil. The excess alkili was titratcl against standard 0.5, in this table indicate lower ,alies than iitial N. 1 and
 
I1(1. Iurither details of this procedure ire also found in Singh NO:,-N in the soil). The chlorides %%ere \er\ effective in 
elal. (14 ). causing NHI-N release in the soil. Calcium chloride 

E'SULTS AND) DISCUSSION additions resulted illthe greatest release of NHI-N among 
the salts tested. The effect of KCI %%,is next to that of 

Effect on C:irbon Dioxide Production CaCI., 2H.,O and was folloed by NaCI in the order of 
Data on the influence of salts on CO., production are Table 2-Effect of chloride and sulfate salts on Nil 4 and 

shown in Table I for Na-. K-. and Ca- chlorides and sul- NO:-N release in the Akaka silty clay (ppn N 
fates. 'lhe amounts of CO., evolved from the samples treated represents change in Nil 4. .d NO::-N status, 
sith chlorilde salls of Nal K. and Ca wkere generally lower 	 before and aftcr treatwevt 

Table I-Effect of chloride and sulfate salts on tie production 51., ,of carbon dioxide (cuLntlatise) in the Akaka silt) clay 5gait ..... i.,...r, I, ., i4 2 

o28i 1 4 h 21 I I 

III/' I Io 2) 4h, 	 O 28lr 1" '0 11 '{ 1 114 1 
i lI9 	 1~l2 	 , 5,6 I2IAsIN156 2 4414444 	 0, V6 PI it I I0 11f 1 1 1i 24 4' 

211 1 'I IN 29 41 a. ''I 5 s I 22 42S6 IiQ l 	 h1 , ill 	 0 1i 2, 47
 

A 	 IPl lip 611 	 II¢ It. 114 4 I A 1 ' 'Plil 	 '7lA 411 h4 	 (112 211) II19 h l, h A 24412 Ytl	'1 Isl 4 1 hh 01V. 41 th 18 Ss 98 f 2 
I 41 id 5'')lII ISA, 41,lA 	 44A eAr 3i,' 1A 2422 1 KVI (1,g) 0. lot) I1S 191 44 

II %h 211Ai 44 (1 A 1UA( 4 
IS A 4i hrr IA1 28 19iii IS2 , f 4 

It liA I 14 1825 i12S 11 9 
K I11 I III iSY1 I" 11.lI I¢S 2 'A 4 A Al A 

ti Ill2 KI 1, 
11,018 14 IAh 24 41 S 

I11 2 I .111 h 4 I11 i h 
i 2" All Ii 140 18 S -,

II 15 2 18o , iW 44 KA l l (iA. " S 11 29 44 
I II- 19l 12 44 

6 
II 11 I "ll 5 11II Al 44 
I 1211 2 IN - 21, 41 59 

Kip I. 	 IN) 14 Its Si 	 Hll 4 It -  1 S 'sII tll'Al 2S 41 I,, I1iA 	 1 %i I211.All I '9 1119 A - -1
St.12m l'l Id 19 58 IS A 4iAIW2 'I 44 SI, l ItS, 	 I It, Ii 1' 5,4 

Il 1'h 41 M11 14 11 4h 84 1il S4 1t 0, 11 'AlI 
II1 1 I I 511c.1i(, 2Il ' 	 'A 91 i 4 2 

1 11IN, I 4' 21 41 '1 	 (lI 1A 12 99I 4 	 1i i 4 III t11 	 ' 1 IA II 49 11).h111IN1 	 144 181, 2118 4 I
0 1128 	 'ot ill 11 %.16i 	 4.1,ho Ill 219 24h i 4 1 
" 11%t, A'1IN 11 SIP


24IN All 22 411 S4 i'4 l, 111 
 0 IIN . S S 11I01, 7 29 44
ilI 41 h2 	 "19 	 (l 1.11 1 S 7 18 IS 48 

11A1128 I19 4 - A 25 4, h411A l1 ,2|lli' I' Ii 'IA' I Ih Si 	 2,AI 	 5 7 7 216 49 '2
111111 	 I IA S8 11.2H 11 1191) 	 2 Is IS 1 o 0128 14 i IA S lISA p A l II S o1 27 47 th4 

28 I I 'l5 1i211 
lI 	

l * Minus fillures, Indleat, Iow r liliuls Nil, so,V 	 Iian irial .;, N Il ih,llo,lit, SI (lillimo ripresure.s for jaso 2ii lIar, t S'ul iual aIiliat( Iut.ii ,,j Oet vitluo-s Imrt11 S4 *"1Illl i) ie l ow(,r Ioq-,ul .l i Ac'lh,% siluh)lIl( ill, clNlmpolurl 
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decreasing magnitude of inducing NfHI-N release. Sulfates 
were less effective than chloridCs. Among the sulfates, 
K.,SO, ranked first in effecting NI--N release, followed 
by Na.S0 I and 
('aseO 2HO 
CaC.l, 2H.,0 did 
the basis of the 
BJecause of this 

lastly by CaSOi • 21.0. The failure of 
to rank first aimong sulfates when 

so aimong chlorides can be explained on 
low soliil yi of the former comlpolnd. 
low sollbility. CaSO I 2H. 0 esulted in 

a low activity of cations in the soil solution and ,se failed 
to produce the desired 01) in the SyStem. T[he same (a!ion 
associated Msilh different anions had a sarying elfecl on N 

in the soil even at the same concentration. This,,Nrelease 
as anionleads is o conclude that oth cation as \ell 

species are involved il effecting N release front the organo-
inorganic complex or in exchange reactions inolving ad-
sorbed or fixed ions in !Ai,soil. 

[he magnitude ol ,NH-N release, except %%ith CaS()," 
MH0, generlly increased ssith successive increments in 

salt concentration. The negatiwe values for NI--N (1 able 
2) at lo%%er concentrations of all salts and ill all concentrat
tions of CaSeO• 21-1.O are tluc to nitrilication of released 
N H-NH as will be discIsscd later oi. 'Ihe Nli-N release 
increased sith time. although the lagllitudtte of release \\as 

of the sal.related to the kind and a olotunt 
Several investigators 16. 7. I10) reported that salls stitnu

late am monilier%. Increased N IH-N release tTable 2) ill 

this experiment might lead olne to support this ie\. Bitt 

as pointed out earlier. CO., pioduction renlained Ioter int 
chloride-treated samples and i ill lo\\er%\js NigIlty higher 
01 and losir at hicher 01) in sulfate-treated satnples. 

(except for CaSO, . 21.,0) than the control CI able I I. The 
data in 'table 2 show that the NO,-N content of salt-treated 

ntt o l e
samples %as higher at lo er codtcellraton titt chlsoridei 
(which resulted in lesser CO. evotionI), as, \ elI as at0 

Iich in higher 
to the controls. Thus,. the 

lower concentrations of sulfate, s 
Jio 

resulted 
CO, evolution), as compared 
salts seeed to hase no stimulatiwe elfect ti icroorean-

limIitCdisms. and even if they did, it ltai just ha\e been 

to nitrifiers. dependilni of course upon the salt and il con

centration. 'therefore I hatever the sliniul,ii\e effect of 

salts on ticroorgant itms. it cannot account for the NH -N 

release. Another explanat ion for NII-N release could be on 
the basis of "osmotic effect" as \\as advanced by Broad
bent (3). lie believed that NIll-N comes frotm microbial 
cell breakdo, ti dlle to inCreaseL 01' inld subsequent cell 
lysis. However, 01' is not tihe sole factor contributing Io 
NH-N release, because different salts aitCtlUivaletit 01 or 
concentration resulted in different iagnitudes of NII,-N 
release in the experimental soil. Singh ct al. (l-I) p0Stl-
lahed that ill addition ito the 'osllotic effect." certain cheni-
cal reactions alldor processes are also ivolved ill splitting 
off N I-I-N fron organo-inorganic complexes of a soil, and 
NI-I I ' ions are suhsequently exchanged \with cations in the 
surrounding soil solution. lhe exchange reaction depends 
tin the natlure and valence of cations, concertrationt it tle 
soil solution, and period (if reactioti. The data in Table 2 
indicate that NII,-N release is lis)o dependent on the ani-
onie species associated %kithia particular cation. The resulls 
on NHI.-N reported herein further support the above vie% 

of Singh et al. (14). Replacing po%%er of different caillw 
based on hydrated ionic size and valence is of considerablc 
significance. Replacing posser is fairly %%ell knon to de
crease in the order: Ca K :- Na. The capacity of these 

cations in releasing NH -N from organo-inorganic coi

plexes also follssed this samr1e order in this investigation. 

Effect ol Nitrification 
The data on the nirifiction of released N1I-1-N dte t, 

tile chloride and suilfate sallts are alSo included ill lahle 2 

Unlike the release pattern. sultes \e t oe Cltcc

live than chotides in promoting nitrification. Sodium sil
fate and potassiuL sulf,ite alditions promoted nittillicat i 
but onl\ at the tsso and three Iotser concentrations,. icsjpc

is 'the tsso higher rates sscrc detrimenal. 
appreciuhlC ilitrilcation ccurred ssith calcill sti!liti It 

all rates, \ith the inittde being greater lt higher li.i 

ilt lo\%cr ctncelltrimotll,. Ill tile case l KCI a.nld N I( I ticatl
% the I0%tdNI tCItmlents.,a er nitliicaitionlt Irs. \\sl, sttiilltdtti cas at ethe loss est coti .ccnttd 

tion (0.028N) i g re ssedt the t 
reelconcentrations. It \\it,, tttailed \%ilh (aCA 1 

i theor the appearnce of sollil nitrtecep .centrallion ilt ile endlt lOf 23 tdii\s .'\ppalenltl 

arle mlore toxic to Iitrifiets, th,iti ,iilltitcs,. I lhe 
21 furer i c t it eC ls 
2ill t her sats t cpt 
aend the ethei salls (C\Cept teo 
CO licelitflll ]l il', CLll d ilcd l/llr1 ll 

tic a i oils 1is 
nitrfictern rtr ll. t. I.Ce I 

aereen11iit ssith thatot(,1Johnsonl 

otion (if riirilicatioi h\ CiS()
i 

n \%t s l i kil altle td h \ ( 'its ( ) i 

icenit ific 

,ito is sugg't b 

211 . I ll c 
21 it 

highe 

. 211 0. c\

losc,,st con
chlorilde 

dtal~ I .ibcitiI Ii 
tihi 

I. IlI cotsidered chloride ion to he icien miii 
vationt%il Iereased NAT Inhi1el l 1CIh\ 11. 

cItcentr'utill, of sulfates iitlv phluletl a role 

to thal of chlorides. although to ailessr extienl. 

E\idence presentld hereit itdicates that the naltre .ind 
extent of ptarticipation of anionstit soil N release insi be 
sones hat diffuse: neverthele. there is ureal participat ion 
and it differeice in behavior of the anions stldied. Its o 
salts containing the sante calion bul diffeCnt anions. e.g. 
NaCl aid NaSOI or KCI iand KS() I ill equlixalenlt colicell
tralios. producetd dit ferent nlignitiludes of N release, hits 
suggesting the role oif anions ill this phcionietion. It otll 
cations \%crc responsible for the obser\ed release of sotil N, 
then K(G and K SO, or N a(li and NaS() slholId have 
elfecled N release iof similar magnitude. l)iflerences in 
beha\ior of anions iil N rclease is amplN evidenced b) 

cotmparing salues of NI1' and NO1. associated %%ith 
chlorides and silfaes of Com11n110 cations ilt flhe salts 
studied. 'us, CaCI,' 211 .0, KCI. and NaCl indhc 

proved more effective in N release than KSO,. Nil2 SO , . 

(i,.S() 211,O) i hiehlv 
lt' ll! :Ills IN COln'i,,clll %%I111 

i t t iii 
t..SO.Ihen sNib(l , 1li ,it 

iti~d C,ue1i (9). tilie pil 
"211 0 is in me %Nhthc 

M% , t L C lla lll;and g S O ) Io 

the tepot tsot Iluito\,4. 

i 
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and CaSO. 2FL.O. l he 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 (he contri-
hution 1y individutal cations and anions may be rather dif-
ficuhl to comprehend fuLll' at this stage. 

Taking into consideration the oerall values of nitrogen 
N It1 1 NO.: ) release at various concentrations of 

Aided Salts. the loll(ing series in decreasing order as%% 
btained: 

CaCI.. 2H, O -. KCI > NaCI --- K.,SO.j 

> 	Na.:SO I CaSO" 2H.,O . 

Although this study was condtucted in the laboratory, it 
has field implications. The additions of nonnitrogen ferti-
lizers, such as potassium chloride Iwhich is commonly ap-
plied at the rate of 281--336 kg K.O/ha (250-300 lb,'acre) 
for a sugar cane crop (.cor t/nj o/ficinaru L..) grown in 
the Akaka and related soils. may rigger the release of N 
from soil organo-inmrganic complex swith a resultant in-

creased N uptake b crops. A crop like the sugar cane could 
stiffer detrinenlal effects on yield if this release tinexpect-
edly occurs at a time Mhen it is imperative that the N 
supply be kept low. Thus, it is important to consider the 
effects of nonnilrogen fertili/er applications in the overall 
nitrogeni program of' crops, especially those grosn in high 

organic matter soils ii \wet regions. 
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