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Soil Nitrogen and Carbon Mi eralizalion 

A. S. AGARWAI., BI.R. 

AIISIRACT 

T'he telltcratrie of drying as wel I ia drying-rewettIiig cycles 
enhanced N anl C mine.,ralization in practically idl soils. There 
was generally greater N relas when ihncubation after drying 
was inchicled thani when oiltl. lii all ulihatd'uat ed soils, save 
tile Akaka, air-dryinag (,,,itself greater N relcase tlau heating aIt 
6il( , regardless of tile nuih'er if dr' iiag-rewetl'iig cycles. The 
arga aic iilmatter-rich Akkli soil slild iicreased N ineriliza-

tihn with inicreased teinpitcraiihr orf drsaiag. Milneralizatioun of C 
Was1% a-s-igtrcwtiasdg cyclesgrctit etr ia saaaalcs iiaculaiil sd alcr rI 
tlhanatlhise suabjecled ita i,,cabationaa (pally. A highly signilicant 
co,rrelatioa cxisecd lIweciae rat- sit NNaiacd Caminieralization ier 
Syt.le. Sigaifii t ciorrlatiioa wis al si iotld bet weei C/ N ratio 

ofi tl %oils iaad N released diiiaag rvidag anad rcttwling fil-
lowed) liv inuihatiaaa. It i's traatanscd that ii additiin l aiilicro-
hial stimuiialatioana thriugh dlinag. lacat %%as dirtctly ,a'spiasilc 
for the' i,;ijor alit,,,iaiit (ia N aid ( it'lase iaa u liibiatd 
%aiaplcs lebyclaiia-il alteralisiaa tit tliicrwisc uanasailable or-
gili. atllter alad Itv killiag caf ill iaaismli. W nl iacillmatia 

te Lnece i 
sal las-sat laagctlachr, sitla iaaa-lrtsid alic-',lahal asi'iity aildl i ­
it-l clhalages ihaiag ialaai ialalac-ostltl lilrr Niid C release. 

.Idditimiaal Kel 'ords for Indulaxisg: a a,,a iaaa,,lla'iititil. "biclh 
slh..I." 

.and Watlig sI) ti N(, ItC.c treattnicilt sal t .aisnmber otial
.1 lonilltlen, esl.c~ialk. itrolgenain c ciilonipoutnds. 

Allerlillte dring and icectltini! tetnporalil' stimulates 

-
ailicl obial aeti lv[\ anldclllaac's inlcralilatioin if N and 

( bhcidc oalaei n rient eleiieaels (2. II, 15, 19, 21). 
lc-ataling il high tclaiperattires enhances the elect of drying-

icc\ctingilh rclclcnce It) N 1.1. 5. 91 aind ( (3, 5). 
I1ina.idlbeit et ida. 17 ) sha\cd ihalt diigaa il l IIC1 " and 
Ic\talling s liai.lateal imillaerali/ailoli it N *nl (N itn both 

.allphaanic aislan nallaphanic Soils O New Zealand. Re-
cea'll Sangh ,cpa tiled that prolonged heal Ireatalent of 
Ilasaiia sosails icsiillel ii incrcase all NI11-N release \vilh-
ilt chaagiaag NO -N les-I (13. . Singh, 1918. Stuies on 

il i ). .. 
nla litasclaa h.iaiiaaiaiiaan .ilitaid iitrteI aslssrplio in Soils. 
I'h.I). )iA%. I t r/im ' Ihlliaji, 1Ia'ioslult. Ihis \\ork 
\i s iiicrtlakcii it chliiaitle the effect aif allcanale thying-
1c c'aclcs sonN ailsl ( mnileraliattion il ii lasaiian
eiltaaa 

Saoil-

\IA I EllillS .%NI) EI-TII()l)S 

I''\c Ilawaiaaa sils.. Vilhi,ca silt' slay aIrlopptic 1-aisil 


tlho\ ). lilla Sill\t Lla I iIau1i ic h i l)., Koka Silt)
rpdiaami 
clao lalia ( Istallic I illandpl ). I lislliilci clay I1 )pi ( hro-
aaaiastc, t). aaal Akak silt% Llday ( I ypit liyarinlept I welt 
aislalld in Ilai, stl',d Ile s ils differ wkidely ill ph)sical, 

ciemical, ilal anieralagical pra iiis's bieciuse tif tiffeactices 
in tlicr paictl naaateiilaaid h lie naaill ntlcer \MIii t lieyliaci 
have alevelopeal. Their silCs (if olletlin and tioperties have 

as Affected by Drying-lewctling CyCles' 

SINGiH, AND Y. KANEilIRtO 2 

was screened through a 6-mesh sieve because of its very high 
mioistuire content. loital N and organic C were deterninCd by
tie standard Kjeldahl and dry combustion melhods iespec­
lively. The soil pli was measured using an ixpandom'atic 
Ic'kian pll meter in a1 1:2.5 soil-water minxitre that ssas 
allowed to stand for 12 hr with occasional stirring. 

To study the effect of dryilg aaid rewetling on miiincialilai­
lion. 51) g (on oven-dry basis) Iof lieabove fise soils were 
used. For nitroigen r'elease stud). tile soil wais dried illone of 
thrce %%a)s: (it) air-dried, Ib) e\i-dried it (l0C., or (c) 
oven-dried at II0C. F-or tile air--lr)ing treatlnenl. the soil %sasspread Oii ii 15 X II .. 3-cia paper boxes and left at looia 
lelaperalare (27() for-18 it per dryliit! c)le. I case of in\L1­
dr)ing arealaneams. the soil \ias piat an i 510-ail i-rlenieyei 
flask and usen-dried atlit( orI100C for 24 lt. After an ofl Iahe 
three dr)ing t eallneils. [lic soil was imaly) ed cilher tIallt 
indateliy iit Ilaao incubalion period or (iil after S days anicai­
hat ion at i for cicla of da)ing.rtasiaa caiaperultlre c)clc \\hcre 
aaore tlai, oane drying period wa its required. thle %ctaling 
Ibriughi back tip to aiimtirt clialent I and dr)inlg cycle 
\%as repealed. Up lit three such c)cles were crried oilt. Incsi­
brishn. cclien called for. wis carried ilt i ati 50ttl-il I-rlcn­
icer flask lit the ,moistuire eqiisaleiia tcscl. lhe flask wasstoppered %%ilta Lork which was enclosetd in polyclhylene fil 

I lastoipper %il ta opened at regular intlervals 4fisl. second. 

fiflh, and eighth day in cach incubation cycle) Io ,epleaiish
the oxygen supply in ile flask. Soils were extrimed wii 2A 
K( I aand the soil extracts were aialalcd fir NIl,,- and No:,-N 
by the iiiicrs-Kjeldahl distillatiin procediire of Ihieiiner 161. 
NO. -N was not included in this stily becauiise anltli signili 
aIl ,i,lii lsitlion of fIsin iitsgen foiid ina this oLf \as the

soils. NIl i - and NO:i-N onlents li all fiuc soils \ere aieaisured 

befoie the stils %cere subjecled tl any dring and reelling 
trealiancala. for batlh canincibated and incu:aled 18 days) con-Liliaias. In effect. these litrogena %altiesat this stage scere /eLa 
cyce "altias. All Irealments were replicated two tiles. 

(arbon dioxide prodiiclion in incaibaled saaiplcs %as aile;­
siired by the proccure aiullined by Agarc\al and Kanchiro 
I I). In essence. the prlstic oiiaisi if trapping the evolved 
CO., in 5 ml of staildaid I. NiOh1 solltion placed in a glassvial which was sispcndcd auiii i co-Is ii -d to shipper i 500­
ail Frlcnmieyer flask coiitaining the soil sanplc. Fiach flask 
was lightly capped with poltlych)lcnc film. This sstemll was 
checked to ensure thail there w.as no significant tass of CO., 
At regular intervals (first, second, ffla, and cightlh da) in each 
incubatioin )yclei. the alkali vas tlianlitalivel transferred 
(using ('O-free distilled %alctr I tI a 25t-nil [rleniqeyer flask. 
A fresh stapply of 5 aill NaOll slltilisn was placed in the vial 
for the next inlerval. Ten iiillililers of IN flaltl, \cerc added
io the 250-til flask to prceipitate the carbonate foramed by the
reaction of CO., with NaOH in the vial. The excess alkali was 
tilrated with standard 0.5N HCI, using six drops of I% phenol­
phlhalein indicator (prepared in 95% ethyl alcohol). Determina­
tions at regular intervals were necessary to find oat the rate of 
CO., prodiction and also to replenish the oxygen supply in the 
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Agr. Exp. Sta. as Journal Series no. 1189. This work is part of 
the senior author's Ph.D. dissertation subiitted to the Univ. 
oif Hawaii. The project was supported in part by the Western 
Regional Research Project no. W-85. Received Apr. 9, 1970. 
Approved Sept. 25, 1970. 
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Table I-Some prop;erties of the experinmental soils 

Moisture Total 

equivalent* N. C' C/N Origin and
 

Soil type % pii % W ratio _ mineralvio 


Wahiawa silty clay 3V 4 9 0 174 1.44 8 2 Developed from basalt. Ks-

olin, Fe oxides
 

l'aaloa silly clay 301 1 7 I. 252 1.2h 12.9 Developed from basalt. Ka­
olin, Fe and Al oxides, mica. 


Koko silty clay loam 31 7.2 0.288 3.12 10.8 Developed from volcanic ash. 

Kaolin, montmorillonite.Z 


lualualel clay 43 7.hf.0199 1.On 10.7 Developed fr-m alluvium.

fluntrP.,irillonite, 

Akaka silty clay 179 4. 4 0i.812 14.9O 18.0 ievelolo ed trois volcanicr16o t ash. 

Alloph."te, Itydrated Fe 

and Al OXItd.
 

Values expressed on oven dry weight basis. 


flask. At the end of 8 days incubation, the whole process of 

drying, rcwetting, and incubation was rpeated for the second 

and third cycles. CO., production in control incubated saliples 

(without drying and rewetting) was also nicasured at the end 

of 8-, 16-, and 24-day periods to give conparable control value%
 
corresponding to dryir,! and rcwetting Ireatllmenl values at tile 

end of one, two, ant three cycles, respectively. 


RESULTS ANI) I)ISCUSSION 

Mineralization of Nitrogen and1(1Carbon 

Figures I to 5 depict the effect of drying-rewetting cycles 

on the release of available N in the experimental soils. It 

should be noted that the zero cycle values were subtracted 

fron the others before plotting these curves. The rnagni-

tude of mineralized N increased with increasing number 

of drying-rewetting cycles, except for the Paaloa soil oven-

dried at I OOC (Fig. 2) where there was a decrease in avail-

able N. This decrease was presumably due to fixation of 

released NH, in the mica fraction of the soil. The listing
' 
of mineralogical properties in Table I shows that the 

Paaloa soil is the only soil that contains appreciable 
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Fig. I-Effect o dryinig-rewetting c)cles (ni N witrili/aIiti,
 
ill unincubated and incubated Walliawa soil.
 

anunts (if nica in the five soils studied. Previous %%,rkh% 
Mikami and Kanchiro t 16) hat shosn that i highly signi­
ficant relationship exists bet%%ecn fixed ainnloniull anltd 

percent mica in I-lawaiian soils. WVoik in the past IY. Kane­
hiro, unpublished data) has also shos. li that aninIoniulll 
is fixed to a greater extent in these soils iat 11( than at 
room temperature. It appears fromi I ig. 2 that healing ;t 
60tC was not as eff'ectie as heating at Itt( in liIng 
released NHI-N. Although the I.ualualci soil conl.uins lrge 
amounts of montmorilloiite, an expatndiii Iter SilC,ite 
mlineral capable of aimnonitun lixation, n1oncgats 'ail­,lC 
able nitrogen vatlues "ere obtained s,.ith o \en-diilg at 
100C (see Fig. 4) as in the Pailloa soil. Some atlluImonlur 
fixation of released NHi-N probably occurred (as sug­
gested by losser available nitrogen sales in tile unincti­
bated 100C oven-drying treatnent as cornlpared to the air­drying treatment) but not to tile extelt .i in the iniCacclous 

Paaloa soil. 

128 

NO INCUBATION INCUBATION 
00. 1001C 
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E. 
80 o0.. soc 

z 64 
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Z 48 A.,a. 

o 

I'_ 
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-16 DRYING AND REWETTING CYCLES 
Fig. 3-Effect ofldryillg-rewetting cycles on N Ininleralization 

in unincubated aid iucubated Koko soil. 
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0 
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Fig. I-ffVtVI d.Iini-g-iewttiin g Cycles fil N linealizaltion DRYING AND REWETTING CYCLES
 
ill iliictibated and incubathd LIuahltali soil. Fig. 5-Elfet of dryilg-rewetting 
 c)ches il N iicrllialtiul 

ill UilliiIcub d and i ',iihatCed Ak:ka soil. 
I lie slatisti.al :Inal sis. follow,'ing a factorial completely 

randoli/ed design, shtmscd significant "I"' values for was in tile Akaka soil. By far. the major portion of increase 
cycles and temlperaltlres. as %%ell as for their interaction in in CO., production as a result of drying-res etling has been 

ll caes etcelt hor the Koko soil. This indicates real dif- ascribed to a stiuilaion of' microbial activity (2, 3, 20) 
lerences in asailable N release broughl about by cycles and hecaust,. If partial sterilization of soil accomplished through 
letpurlrties mnder 1oli lnincubailed and incubated con- drying. Ko and I.ockwood (14) also reported an increased 
litoIls. Intercstingl%. tile coefficient of variation values fungal spore germination %shich" is associated with ii­

sseic less Ihatn '' . signifing good agreement between crvased soluble carbohydrates and ailnino acids resulting 
the IN%()replicates, from soil sterilization. Neserlheless. it has alst been 

I he dta iI tile inllietIce ol drying-recting cycles on stressed that soie CO., after heat treatment may be 
cnmulat IsC ('02 productliO ill incubaled soils are inclded evolved by purely chemical processes (8). The direct 
in *Iible 2. In general. C inineral iation ssis greater in effect of beait on N release ma) ie acconipanied by in 
smple.. iictililted a11ci a difing-rc\telling c cle than those increase in available C. Here also, its s ith N. the release 
sulijected to incidbilion mnl1. I ike N. the mineralization could be brought ahoul by chemical alteration of other­
uf (C .s cnhanced h\ repeating the dr. ing-rewetting wise unavailable organic tatter or by killing off of micro­
csclcs. [lie iminei.lt tioii of (" also generally increased organisms. 
%%slhilhe ivulllcielrle ol dixing in soils: hosexer, there ssere The increased nineralizalion ft' N and C at higher tent­
esceeptions e.g . [lie ,.\k.lk;= osen-dried at It0C. %%here peratures has been sbstantialed by others on similar 
Ilhcie \%as ,I large decrease at the highest letllperatulre. The observations pertaining to the release ol N (3. 5, 9) and 
gt eate,,t ( elewe Ior ip ita tilar dr.\ing-rcselling cycle C (3. 5). The effect of' drying in relation to N and C 

release was cumulative as was also observed by Birch (2) 
Talhh 2--I.lhet I dirvig=-rt'etting c)t'leIs finllllllatl. (:(): and Broadbent et ill. (7). Multiple drying gave i cunlula­

I1,'-t(lillI ill itullted soil%((ontrol %;Ihll/Cs1h1t' ) liCCCI live which waseffect in agreement with the findings of 
.. .... ... .. . .. Ai i , ',, dni ........ 1,Ing Souldies and Allison ( 19). 

_,I,-w I Air ing ...........- A 	 correlation betw een
,,, ., . ..... ,," . .......C highly significant existed rates 
', I q " - of N and C mineralized per cycle for each drying treatment. 

Li i,. , *p* I1. I4 

, 	 In computing these correlations, soil effect was disregarded. 
The following "r" values were obtained. 

r ,, 9 Io Drying Treatmlent "r" (d.f. 13)
 
Knk O)e ee ,- 7 20
"l.(,cy(,l I Is 1814 	 57riS 	 12 lit Air-drying 0.816* * 

I uali Onecyc., 3 1 4 Oven-drying 60C 0.801 * *
 
I') cyrie 5 6I 12
 
Thr.... 7 0 Is Oven-drying I00) 0.709*
el,, 	 10 

Aknk one cycih 20 22 14 
'li OYci'nt 1h 41 8
Three.... ,i 41 ll It 	 * Significant at the I % level. 

http:iminei.lt
http:slatisti.al
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Fig. 6-Rclationship bt'tweCC) C/N ratio Iiiit N initraliatiol 

in soils as affected 1)ythe tenmperature of drying. 


Figure 6 illustrates the re.,tionship hetween C/N (or-
ganic carbon to total nitrogen) ratio of the experimental 
soils and the amolunlt of N mineralized in three dthing and 
rewetting c cles. With io heat applied, the slope of tile 
line, or "b. is cssentialys zero. With an increase in the 
intensity of drying, tile slope of the line increased from 16.6 
for air-dr\ing, to 20.0 for oven-drying at 60C. to 24.2 tor 
oven-drying at IOOC. It is pertinent to mention that for 
computing the "r" and regression coefficient "b" in Fig. 

6, the P'aaloa soil \%as ignored so that an exceptional prop-
erty of NII" fixation hy aI nlicaccous soil at higher terl-

peratures %\asulinli natCd fronm general consideration, 
The C.'N ratio seemingly influenced the N and C min-

eralization capacity of the cxperimental soils. In four soils 
(excluding IPaaloa) the C/N ratio (Table I ) decreased in 
fileorder, Akaka > Koko > Imalualei -.Wahia\. Avail-
able N illthrce cycles of drying and re ,ingtti including 
incubation (Fig. 1,3, 4. and 5) foloe\\d tileSiIIIC ol'dier 
of decrease. F:.xistence of such itrelationshipi is e\ilently 
supported by significant correlations bcl\cen C 'N ratio 
of the soils and N mineralized in three c\cles (Iig. (it. In 
tileair-drying treatment, \vher not iuch Nl, fixation 
is expected, the Paaloa soil occupied the position that it 
would ie expected to according to its C/N iatio, i.e., be-
hkccin the Akaka and Koko soils. The marked increase in 
mineralized N and C in the case of the Akaka soil \as 

probably due to its high C/N ratio, as well as to its high 
C and N contents. 

Increased N mincralization in the experimental soils 
caln be attributed to microbial stimulation through drying 
but this cannot be the sole factor. It was dIenonstrated 
(Fig. 1-5) that although increased N mineralization gen-
erally occurred tnder incuhated conditions. i srbstantial 
anliount of it was contributed by drying alone. Under inicu-
bated conditions, the release of N can he attributed to 
microbial stiniulation (2). decomposition of dead organ-

AND CARBON MINLRAI.IAIIION 

isms and fresh surfaccs exposed on organic colloids duling 
ithepreceding drying (4). and additional amounts of soil 

organic matter rendered available h% processes other than 
of organisms (13). On tileother hand. release of 

N in Unincuhated samples can prolbablN be attributed to
 
death of cells and the splitting off of Nil floll tle pIO­
tcinaceous part of organic matter. The kiling oitIIo Vilo­
vOImoItax at 53-55C and ,'ilt'ol itfr at 56-58( as repotcd
 
by Gibs (10) must Iliae contributed to the OhbWersed 
tMineralization of N in osen-dr ing trcattrenIs through
death of cells. contrast Itis nlicrolloloical tr'allIn to ­

tornition. .iiiintlnication hs bcen noted to pr.Ced 
vigorously in the tellpCr.turc rallge. 51 711( I 121. iom­

esrer. moisture 1Inahas e been ,iijiitifilrw lot Ilit lhilolhil'S 
at 60(C aind 1ItC. since dth .l*gs %%crdonc ill;ill,inlilt­

rated atmosphere in the ov11. lheretore. ilIti1%l 1ii­
tribution of Ihermophilic tmineralizalion to ile olbse,\Cd N

release is not very likely. Inaddilion It iili lltnIll, ultle.
 

tAthe short t threc 24-hr c\cles period of o\cn-drilgs IILI\ 
be cotnsidrct inadequate for ilppieciabic cont ultllion b\ 
therniophiles. Whether or n1otthe postulatcd spitting otll 
NI-I' can be iegarded tas a,part of iddlionl ,ii omil 

organic matter rendered a \ilable for deconipsition I 13) 
is i natter ol speculation. Some justililtion to this I,1\ 

ie found illthe %korkof Psone c li. ( 17) rid Ste\cnson 
(2()). Tlhesc \%orkers repo, led that .Ii-li ' ilL' i1i.Ctsed 
the amino acid content of the soil. inicatlil .I Siit1 d1egree 
of Le.'oIllp 0silioIl f the IritogClrotS Coqillt'iells ot sit 
oreallic matter. 

(;ml)arisoi (f Nitrogen \lirtrali/Miatid hl iitioiI
 
Utlder linimul)attd and Iniuuh.,td ('onllfti1,l
 

Figures I i 5 illustrate tilecorlu .lill\' lid 'c .urtuL t
 
N salLIes releasCd tinder uninculated adltl ilncubactL CoItll­
lions. There \\as generally grcaler a\ ailable N rclease Mici 
incubation \\as included. throre ecII,,ser. r\\CICpiris. 
the most noticeable bein il lt \',lh II it I ) arnd 
Akaka (lFig.5) soils o\eri-dited at I(I( . Inithese ti\, 
soils, the magnitutde of mincrali/ed N % a, gretlciC i II­
incubated samrples for cach d, rngrec\Ictlg cl c. II,rhc 
Paaloa soil I ig. 21 the el fect otflcaling. cspeci,,ll .it 

)1(, \\itr los N release prestl dle it,fi\,tlitmto Ier ,Ibl\ 
of released Null" as disclssedtll\iotl. I,,ill II.lIlit.lted 
soils, cwept tile ,tsCAkaka. air-drig ca used glelr N 
than heating at 6)C. regardless of the ntllluehr tit Islmng­
re\etting cycles; hosleier, results for 1(IC %kcic irtnol,­
sistent. 

The data oin NH,- and NO.,-N under unincttb.,ed aid 
incubated conditions for three dr ing-re\ eti ng c\clcs at 
different tclperatures of dr.ing are inclrded in table 3. 
In general. the mineralization of NHI-N inicreased in All 
soils follosing incubation. The NO.-N data for ile Koko 
and I thaltalci soils shied i delfinile influence o iilrbiil­
tion on nitrification. Nitrification \\as \irthiallh complete 
in these t\so soils sihen sutlbjected to air-dr. ing An iapple­
ciable amrioulnt of N Il-N 5,aalso nitrified in somc of ihe 
treatments at (0C s ithi inclatiiion. On the olhcr hatid. 
ttost of the iitilal aird rcleascl N Ill-N renained mlrilrified 
in tlninctilcated oils. ecn in tie Ktko and I taltialei soils. 
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Table 3-Effect of drying-rewetting cycles, without and with incubation, on Nil.- find N03-N (ppn N)
 

AIr-drying 
Drying
rewi-ttlng 

No Incubation In.uhatlon 
8,0) c:'. Nil, NO, Nilt N(1, 

'A7h5Ii - I 16 13 15 34 
1 24 33 18 35 
2 27 33 25 35 
1 31 33 31 35 

I'n~-iI h1 
71 

121 
125 

48 
84 

It) 
Ii 

76 124 105 109 
3 H01 126 118 11)08 

Kok,. II .19 121 19 77 
1 61 12( 3 11%

, 

2 87 119 ) 125 
1 7 i 12.1 I 110 

.,loh uI Ii) II I1 12 14 
17 1 3 

2 21) 19 I .1 
8 22 "2 

I1 4 h66oo 2 
l24 I 92 I 
2 
I 

46 
11 

I 
I 

IsH 
I : 

1) 

0I 

Al the higher teinlx:ratire of 10)0C, there %%as i trend 1or 
ftle acClil1ll1tion of N lI-N inall soils. I lie repeatcd dry-
ng-rckclling c\clescloilts inlcreased NIl-N nlineralizalion in 9.c 	 all 

sil0ls. Ihoekci. this 5 not lile for air-dried irlClihlted 
koW ind l lIah1I soils licI CrepateLhd cycles livortd 10. 

nlirialtiton (it icleasd NIII-N.In itIcIl i Ihte. Iacgoing iCI,NiOn, it iI 

heat %a, tiredtl\ responsible for the major amolunt of N 
alid ( relclse if) uninchilled sainphes b, chemical allcra- 12. 
iin,o ,1s isC maller, and by kill-Ol, ,Irle Il1,1,.ailalelC organic 
Iig 1lI ol Itrgnisns. 1incll rec eriod folos et 3.Wlen the i 
he dr~ ing intl l t.inllg tretlntnl. the direct ct.h ol heat 
ilogtIr. \.llh incleased microbial acliVity and associated 
,'lanigCs dluing incilbatioti aCiCtintcd for N and C release. 14. 
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