
A. AUTHORA(S ( 

4. OnEN AT Agriculture 
TroL-AAoSI 


(InPlana Soils 
2. TTLE AND SUBTITLE 

Effect of temperature on nitrogen transformation in Hawaiian soils
 

3. AUTHOR(S) 

Thiagalingam, K.; Kanehiro, Yoshinori
 
6. SUPPEMENTAR fbihea.AviablisoinNOES! S tgniala, 

4.DOCUMENT DATE i s" NUMBERoF PAGES coe.ARC NUMER

1973{ 13 p.- ARC
 

7. RFFERENCE ORGANIZATION NAME AND ADDRESS 

University of Hawaii, Department of Agronomy and Soil Science, College of
 

Tropical Agriculture, Honolulu, Hawaii 98622
 

8. SUPPLEMENTARY Oreanizatlon Publtoheru, Availability)NOTES (fponsoring i
(In Plant and Soil, v. 38, no. 1, p. 177-189)
 

9. ABSTRACT 

In a field experiment soitsamples buried at the warmer temperature regime nitrified
 
added ammonium faster than soils buried at the cooler temperatu re gime. Nitrification 
occurred more rapidly under both regimes in a soil which had developed in a warm climate
 
zone than in two other soils developed under cooler conditions. The rate of
 
nitrificatio, of added ammon'um in soils incubated at 5, 15, 25, and 40C. in the 
laboratory increased with increase in the temperature up to 25C. in three out of
 
four soils. In the fourth soil, nitrification was as active at 40NC. as at 25°C..The temperature range for appreciable nitrification to occur in a soil was related 
to the environmental conditions under which the soil was formed. Mineralization of
 
organic nitrogen occurred to a greater extent at 40C. than at three lower incubating
 
temperatures of 5, 15, and 25°C.. Rapid and active mineralization was associated with
 
high organic matter and C/N ratio in soils. 

W0. CONTROL NUMBER It, PRICE OF DOCUMENT 

PN-AAC-373
 

1I2. DESCRIPTORS 13. PROJECT NUMBER 

Environhmen ts Temperature 
Field tests 14. CONTRACT NUMBER 

Hawaii CSd-2833 911(d)
 
IS. TYPE OF DOCUMENTNitrification 

AID B90.1 (4.741 



VOL 38, No.l FEBRUARY 1973 
PLSOA2 38(I), 1-234 (1973) 

INTERNATIONAl, JUN\ \l. PIANI \ T[I I()N,
 
PLANT CHIMISTIk\A )II, .ICI(,I()IU('Y ANl)
 

SOIL-BORNE IPLANT DISEASL,S
 

New Zealand Departrnctit of Agriculture 
Ruakura Agrictiltu i I<csarch Centic 
I nain , 
Ne-v Zcaland 

]iul)Iic, ion No. 652. 

TIlE 1IAGUF 

MARTINUS NIJIIOFF 
1973 



PLANT AND SOIL 

International Journal of Plant Nutrition, Plant Chemistry,
 
Soil Microbiology and Soil-borne Plant Diseases
 

Revue ii-ernationale die nutrition des plantes, de chimie
 
v6g6tale, de microbiologic d1 sol et des maladies des plantes
 

en rapport avec le sol
 

Internationale Zeit ;.chrift flir Pflanzenernii irung, Pfflanzen

chemic, Bodenmihi-obiologie, und bodenbedingte Pflanzen
krankheiten
 

lsued uind r the aupices of the
 
"Kwninklik Genootcha t oor Landbouwwetenschap"
 

(Royal .Yetherland.t Society if AgriculturalScience)
 

Executive Editors: 1). 1. Arnon, Icrklcy; J. lBaecvns, Louvain; 

E. G. Mi lder, \,;ti,,ri~nZctt A. C. Schuffelcn, W\agctiingen; 

F. Steenh jrg. Cfenhwlia-cii; L. K. Wiersuin, Haren. 

Secretary: G. II. Arnold, Ih' lit it for Soil Frrtility, Haren (Gr.) 

,Fil NetwrlaIlds 

Assistant Secretaries: J. K. Sniit, Lpc, and A. Hot.wers, 

(Convtlting I~ditorst Win, A. Albrecht, (Oiumbia, Mo.; A. vant )iet, Wavttrning n; 
A, I de. ( ;r ,,,t, I larc'it; \V R ("' ILit,dl,' , ( .) r~d ; I. .. Ilarte' , (W orwd ; 

.1 ,,li .I ;h .,i . l I'avollav, lires; I. I.('Vy,,l , ( )di-l; l" A lir, '.avenirn in ; 

llllltetln; IJ-.Mealt;, 

Adrlaid,; 1). sitcw Icadi.n g; ii. (;I "li roit, I larlindrii I[,'- t; A. I. \ irumnfi, 
.1 .t)t 11arill i, I Ni. O)dv'irii, \ ,; (C S. lIwr, 

Ilirkiiki; S. A. Wakirnan, Ncw Imiiwok; I. WA% rAillt,',i LI,mi. 

The FAlitors are, if necessary, advised by experts from the Staff of the lstititlte for Soil 

Fertility, flaren. 

Printed in the Netherlands 

Plant and Soil 38, 1, 1-231 The Hiagur, February 1973 



Plant and Soil 38, 177-189 (1973) Ms. 1980 

EFFECT OF TEMPEIRATUIRE ON
 
N ITRO(;EN TRANSFORMATION IN
 

HAWAIIAN SOILS
 
by K. TIIA(GALINGAM * and Y. KANEIIIR() 

IDhpartme.nt of Agromumy aind SoilScience, College of Tropical Agrictulture,
 
Univer,,ity otIHawaii, IInolulu, I lawaii
 

S'M.MAIY
 

In a field expurinient soil samples luriud at the warmier temlperature re
gime nitrified ain asti.r soils bi iid iadded oniIIi ti an jol t t(U alt
 
teiperaturt,regime. Nitrificat ion oe i
irrd mor rapill inltir bith rcginic8s
in a soil which had d eloped ill a warni climaticiii .11i n o\qt t ther soils 
developed under cooler condilitionis. 

liTht'r itrificationi all it ml tttl 15, 25ntitf of ,iiiiiiliiitiiii , ill 5,
and 40 C iii the la oratorv iicream-d \\ill iietr('ttaw In I h,- t lnlu.ratur . 11 to 
25 C in three out of tour ,ils In Ow, tojlth -oil itiititn 1101 we,. ;t1sell\,(. 

1) 

at 
40'C ;a,at 25 C. [In le lati Ilang. bit lpprei ilv ;Itiolialliitiijfi to ocrtlr 
in a soil was it-lattd to th' ililioiuIIiilitl ( lnliti ni,mlcln, tIle soil was 
formed. 

Mineralization of ofg-i nitrogeil orcitrel to I greatr extent at 40'C 
than at three lower iiiutitlg temnlurtur-., (if5, 15, anidl 25 C ltapid and 
active mintralization was ,s.,ociated with high orgailit ttI an(I C .N ratio 
in soils. 

IN I'I, I) IT I I N 

Nitrogen transformation ill soll is govvri.md by a numnber ol 
t.nvironmental factors, such as p11, status of mineral ntitrieuts, 
templutratur, arat io u, awtul m)(listure. lh cliul;tl icpattl its astwiat
ed with land ares have :tmarked influt-It uliol the, fo mation anl 

'loss process that regulatt.,s the (italtt l of Iileral itilrog ,i in the 
soil. TemlperatIll- isomv oif the, nwst imlportant I'llvilmoni.tal 
factors that affect nlitrogen t ransfornation. It is knowin to affect 
biological chaitges in the soil and these changes ill th field are 

0 Prevent addre s: University of I'eiang, P,'uang, Malaysia. 
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178 K. THIAGALINGAM AND Y. KANEHIRO 

closely related with the season. Therefore, seasonal influence on 
biological changes is often explained in terms of temperature effect. 
Studies by Anderson and Purv'is2, 3roadbent di al.' , Fre
d erick ), Sal) ey ei a! l , Tylerand 13road ben t I!', have shown that 
nit rificat ion of a)pplie(l ammonia occurs in some soils at a temperature 
lower than was previoisly thought necessary for nitrification. As 
examplllte,s, Broadb it d (1. found that iiitrificati,,I was greatly 
r(ltuce(-l but still measurable at 3°C, while Sal1) c V / al. 15 found 

measmurable nitrification at 8'C. Sabey c al. 1 , F- ederick H(,and 
Ande(Icrs on an(l Pu r v is 2 concluded that differences among soils 
in regard to the tempneraturC ragell over which nitrate formation 
from ammonium salts occur appear to bu due to lifference in the, 
initial population of nitrifiers. \V a k sm a n and M: dlh c k 20, all(] 

Fredceric :1 reported that a1teniperature of 27 to 37°C to be the 
most favorable for the activities of nitri fying bacteria. McildIej oh ni 
13 estimated that 30 to 36'C is the optimum nitrification rI-lige but 

also stated that this optinum is not sharply defined. 
It is generally acknowledged that the relatively high temperature 

ill the tropics will tend to iincrea.:, most microtiological activities. 
There is, htowev\er, a t heilencv to disiniss the effect of temperature 
oi nitrogen transformation ill the tropics because of tle. small 
fluctuation ill seasonal teniperatunres. ('oiseqillientl, Conil)aratively 
few studies have btell carried out on the relationship between tem
prattire an N changes in tropical soils. There is aii especial scar
city of data on tltes changes occurring tinder field coilditioiis. The 
pIrescit stin lv was the re.fore in(lertaken to observ\e the effect of 
teinperatilre ioil nitrogeil transformation ill tropical Hawaiian soils 

julchi field and laboratory con(ltiols. The primary objective was 
to .tiilv the effect of teiljirature con nit rificatio'i of addnd ammo
nium. Additional information was also obtained on the mineraliza
tioli of native nitrogen. 

MATERIALS AND METIIODS 

Descriptioi of soils used 
l lawaiian surf.ce soils (approximately 0 15 cm) reipresenting four sub

gro.ups were used for this study. These soils, developed imder a wide range of 
climatic conditimis, differ in physical, chemical and mineralogical properties 
and are (Iescribed by C lIi n e 7. They are: (1) Wahiawa siltv clay (Tropeptic 

Eulrortliux) which is derived frmoi basalt and developed nder an annlt 
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rainfall of 1200 mm. and at an elevation of 250 m. The average air temperature 
for this soil site for the months of January and July are about 69'F (20.6'C) 
and 731F (22.8'C), respectively. Mean annual temperature is about 71' F 
(21.7C), The soil has a cation exchange capacity of 15 e,/100 gr;lms and a 
base saturation of 40X',. The clays are l)re(ldillaianlly aaolie. with sorn iron 
oxide and the buffering capacity is low. (2) I'aaloa silty ( lay (I mlonixi" "ro
pohumult) is formed from basalt nmder ao ainnal raiitall of 2000 min ani at
 
an elevation of 400 111.'[h , averag. air ttulll- r +lt"(r for this ai il sitv' fi the
 
iiotiths of January ainl Jl a lv Avblot 67 I"(19.4 ( ami 7J 1 (22.8 C, rr
pectively. Mean allual tlllllperattiri is ahut 70 I'(l. 1 v) li elay mintilirl.. 
present in the soil ai kaolin, Illit,, ir(11ima., ;I(l ihh,it.. lI >'inlliJ a 
cation ,xchlinge caaDity I f .35 , 100 giail itl;.tt aIKllinn oif 511'.llt, ;I111 


Its buffe-ring capaci ty is tichlerattIhN high. (,s) I.(uluiil (( vIm (ho,-
In ,iStert)isforlmed flrill Iep ;llo llm r an :AIIIIIIA l al;ll]iui t (it500 111111 
and at ani levatioli (If 5 In. 'll( avrage ;a tI-llrp-mt ill. tl this -"'ilslte lI 
theil111t sh.os Jitil I\;1lId July , c A ,ut 71 F (21.7 ( !at 7 - (25.6 C( , 
reslectively. cam ,litl;] t ln r tattllis l lhit 75 F (2J..9 ( , lI i,,,om atlt 
clay mninerl is ,,,,tnitrithl tr..li. i,ilhia, ( ati I,'I i t l l,(.X(]1lll,,J %I ,, lu"') 

grans and is 100',, ha.1 saturatcd duc1 tilt. l n,l- id fit '\ , ll,11111ll 4 

hlkl l,,.,i(II 
dept) istleriiX.tl \IItitlit l a lalii ,lraiiitll f kIc 111,1, 

bonates. Its bofftring ctpacity I.,high. (4 1 M silt 'hra I i\-, ran
filon ili, tllld 

elevation (f 850 ,,.It. t\.ie titI,lltIrlt, l st, illI (.h, t z,-, ' Iit, thia ' ,liths 
of January and jul ,il.ahbout 541 I 1,2 () ;fjit]ui. l 17 2 (, l'-spltlt.. 
Mean oiiiltal t(llllliatlle is abut .58 1-(4.4| ( 1.'! li ll hia,a catiol ex
change t alcity of 85 ni/100 gatlo,-anl itai,, sitmlti it allot 40"'. "lhi 
clay isdtoiinatad h l i i,!i\t ..tIxi , ,an',aloionnha td -Ir'm urn. aill 
the iuffering capacity is high. A\litilal Iprlo tilt-s of thest four sils arl 
given in Table 1. 

All saniplhd soils were ltpt in',it III plast ic Il~as in their original field con
ditio, and w.ie piasseld tlhrtligh an 8-mesh siv' hIlclle le. 

"fAI F.EI 

Some properties o the experilntal ioils 

Soil Moki,tre p ll otal trgamc C :N 
equivalent"' N* CO 

111 % % 

Wahiawasiltyclav 32.6 5.4 0.174 1.44 8.2 
I'aaloa silt), clay 11.I 5.8 0.252 3.26 12.9 
Lualualei clay 41.8 7.7 0.099 1.06 10.7 
Maile silt loaui 105.5 5.6 0.775 11.94 15.4 

*Values expressed oil oven-dry weight basis. 

http:tleriiX.tl


180 K. TIIIAGALINGAM AND Y. KANEIIIRO 

Fieldstudies 

Nitrification of added amnmonium sulphate was studied in the field under a 
'cool' and a 'warm' tenmperature regime. Two locations and two seasons of the 

year were chosen to give these two regilnes. For tile cool condit ion, a location 

at HeIiemilo oil ilnl( Island of ()aim and tile winter months of Jantary and 
Fe;lmiary were sethctd, whil' for t lt warm condition, a localion al ita llialti 
on tile Island (tf Oali, and ihlii stimmt r nontlis oft J ilv and August were se
hected. These two sites, IIthmanti antil Ioiahialhi, we. also where tit(i'aaloa 

silty clay and the I .ialtiali clay, rIt'slctivtly, wcrc sampled fir this stludy. 

Air teniperaturt, rainfall, and eh'tvatitn dala are as given for the i'ailia silty 
clay and tie l.ialtiali clay in tlhe fitrgoiilig sectitl on 'I tiscriptiil if Suils 
1 seol.' 

Ihe lttle thod tised otr inctlhittioi iin t Ie fiehl was sititil;r to I hat tif ' ito 

who ised t ecilllie allows diirnal changi s in tilepolyetiylenel bags *. This 
soil tenilperatuire it le talliitolii cotnsideiration ini-icrobial ltliict.sms, stith as 

nitri fical ion. 
Fifty g (iven-dlv iasis) of \'ahiawa, I'aaloa and Lltiailt'i stils were placed 

in it 8 • 10 > 33 ciii pol.*'ethhltu hag and illtllwiitllln stilpliatt was addd at 

a 200 pInl N rat. Soil niitisttire was adjusted to apirximately Iloistlire 

tqti\'altnt t st bags \weri to cssenlitally tIh vllnlle of tilt-,oil. 'l'hi clhsed 
.Sitil aund .'ci td with rtiblitr balls. Till tlliltitllit stlipat-trtctld stils 

were bilt itd at a soil (t1ltht o 22 min alli \withI a littxiniUii-ltiinitn ther
Illollle[t l to) wllfd i1l(' .'odi [t'llipcita ll . Santllp c" p, . ]I ll()v'd ill \w'uely 

iite'iVals til t It'litd (-I Six wviks. \c\ ith ltaxitttiit antd ittinlottin Iti1pira
tilre rc.adillgS I f ill('. lim cd I l~rtullifillill \ 1rc(l w1 chd X\\hcit.ll slol samllple.s 

Wvule Ini(1tlvd. 
h'l %wetklv neciv -, ill s titplcs wiltr Itrotiglii batt ltI he laboratory wlhe

rv thecy wvi.t. analv/c.d hImN I I., and N( )3 N b\v tht. cxlt'actionl distillation Pro

'eoIlure of lit. In I - .i

L.a,,oah, y sililes 

lfrli t 'IItimllattntoil nitrification (i added ailmnoninil and minerali

/ali,,tit ll;ivi liliti,gi- was stilitd in tle Wahiawa, ltaaloa, lutiaei, 
ati(.\aih Ils. T suits wer inctilated at 5, 15, 25 and 40 C in the labora

loty. 
i'ift\ g s,,il (t,\t-di.v bas.is) w\ts placed in 8 . 10 • 33 ci iiilytlilenOit 

ibags titi m1 i tlitI tt ,tt 5, IS, 25 C alnd in 250-1I[ IErltiii-'ltVt IlaW.l, for thii 

40 C tinctlilatlittl .\ll soil, A\ire trnatt with 0 and 200 tplilti il atitlitililtlll 
Initlo gull (addhcd aLs ailll(Illimill ,Illpllah'). Soil Ill()i.%tlll(. was adjulsted anld 
Illaillillh'- I ill illppl'oxillliatlul Imoistilllc. c(IlliValltl. Sapllel)ts \V. nU atllyll se( 

\vel'Mh hntc.rvalls folt allinio{nillilll and nlilratc, nitrogen bY fill,. previonsly 
Ill(.1t ll.I' jjl(lelh)l of"I,1 j. ll ll, r 4 fol" at pl-l'il of .SiX \ es 

i t'\4It.C ,il i giitiCtallV titfectti by uistire, soil, aid cheimicals. It is very 
.lightly piii.icale I,, waiiter. It' O Mid C0 diffitiiiii u-tlt, ar' high. A stmly fur 24 weeks 
,ll%%Vd thalt m, nlitrate difflised throligh the fil ill 

2 
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RESULTS AND DISCUSSION 

Field studies 

The effect of tumperature on nitrification of ad(le anmilonium 
was studied in threc soils buried at 'cool an 'warm" climatic 
regimes. Weekly maximum and minimum temel)ratulre readings for 
the cool (1-lclemano situ) and warm (Lualudahi site) regimes and N() 
-N data for the threu soils are given in lig. I. 

COOL (HELEMANO, WINTER)
WARM(LUALUALCI, SUMMER) 

200 WAHIAWA 200 PAALOA 

0. / 

0 1 

so0 / SO[oi
__-_-____._o--

O 2 4 6 0 2 4 6 

200 LUALUALEI 50 

--0-.<>
 

"Z 0 2 1MAX0W 

'lm," IO 30 -__ . 4 : MINI- _" , -. W 

/0 gao ,J W 20 

0 2 4 6 0 2 4 6 

WEEKS 

Fig. 1. Nitri fication of adddI11)1(1 11n)11i i itr I ri d soils ant I te 
lllalinulin-nlininmUml te'mperaturesI inlcool (c) and Warlll (W)climatic rtghics 

in the field. 
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An examination of the temperature data will indicate as expected 
that the warm regime showed higher maximum and minimum 
temperatures Ihan the cool regime. Tiere was very little fluctuation 
in the minimum teml).rature for both cool (ralge: 16-17C) and 
warm (range: 27--30'C) environments. With the maximutm tenpera

tire, however, there was slight l glreater fltictuation from ;eelk to 

week. There %,iasrange ol 23 -30'(a for tlie cool and 34-41°C for the 
walmll ieginle. 

Tlh liah, and IIaaliialh i soil" shmvedl alprecialhe nitrification 
at both tviillperaturv rtgiines whil the \\'aliawa showed very little 
nitrification ill th,. (,ool)I rteinic (Fig. 1). Nitrification of added nitro
gen dtring tlu, \\ari ltgiln, ill tlu' la;ihti anti \Vmahiaw\a soils \was 
olst ,r\vd to lrtc,,l it a higher lat than il tIlt coil reginme. This 
<lifferej..\ ds tst,<illly )lriliiitt in th case of* the \V'ahiawa 
soil ill which )ill\ 27 ppim N():, N wa>, ounl at tht e of 6 weules 
ijlh.r c.l Icmtlitioiis. Tilik Iiet\ lt dl. to)t initial poputlation of 

ifitrili.r . Ii, ca"t, (d tll, Ialiuilhci soil lit- nllagiit c (f flitrification 
\\a:-, alib lt O wh' ;,lllc at boothl t( +lllwrit'+ l-cs . k ttt tl war, a dif~fet-flCe+ 

til t Iat' (of Iitification. Ti r I'ilialthi, lPa altm;, ;il \\aliwa 
soil., iitltcchcd ttn, four anld five wt't, rIn'ctivl' v, to c o plete 

iitrificali t tliig tho, waimti rmgilii,. Ini tlh Ceil rt.-gini, fmiaxiIImImm 
flit rificatioi \vaf reathitil t 3 vttk in the lialualei soil, wliertas 

tl11r1. was Ino indit atiom thal nlaxinuim uitrificatin ha bI,inattain
'dil th \\'ahiawi mil lilahm soils. 'h'll, cxtrimel" low N( ):i-N 
valii., fo the \Walhi;awa soil for thlit cot l condition was uilltxl)ecte,<l 
btta;l'r thi, s.oil i., uidtermtl'\',ehlitutricr and slightly hiher tellped 
ratili, ct'<ulition., th'ii I li lvaalta suil whih sh"lowd allrtcial)ei 

nitrific;tiun. l'lhnst i isociatttl wiilh the l)toulationfiudings lillist 
tlit."t Anii il t i' rvis tof fitIif iirs inl so)ils. n midtl" s 2, lBr iaul 

+ l ,Salw ('l 11..5 + Im\'vc tI'l Fl r,le+rick. 11,andl( "1 n lo,)nidhr-blle 

diffirtiiuc', ulitung tempeiatte iegioni su)ils ii thtir Ilitrifyiug charaic
tiiristic+. "lih:... findingg ulsot ar , with tli \v'(ork of 31 al iti Irap
lii it t/. 2 \ht f~tuttl tliit suils which ar tht\'tlontl il a warnir 
climatic z/m ritfuin'd L.ss time to nitrify tlht alhhttl Nil -N than 
soils tht-, in cttdtit climatic zoluts:. "lills theliLIualiialei, a soil 
devlojnd ilii warm climatic zotne in llawaii took less time to nitrif" 
the adddl NII 1 -N wviii incubated undtr both regimes than the 
other two soils which have developetd lillle" a ('i(tir climatic Zolle. 

Il spite of the rallil nitrificaition occurring iuiider both warlm1 and 
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cool C(-oiltitiols in tlit Lilah halvisoil, recovery as N0 3 -N was lowest 

among the thre(e soils under warm temll)(rat urts. This relatively low 

recovery is l)eliv(d to he (iuti to animoniumi fixation (this soil is 

montmorilionitic) and to lhoss of gase.ous am nionja at th. high soil 

plt. hoth of these phvltm nnea are known to occur to atgreater extent 

at high than at low tetpleratires. 

Labiralry sludit s 

a. N it ri ficat io of aid(Ie d a miioniim. \\vkly'N):-N v'ale.v. 

for six weeks iil the Wahiawa, Paaloa, I iialnalei, and Maile Soils 

treate(d with 200 lpmt NIlt -N applietd as alulnmtitlifl sullphate, anMd 

lln(ler incubationt ttull traturts of 5, 15, 25, and 40'C ale shown ill 

Fig. 2. Tht \Wahiawa -,il sltnw d practicall , it)itrificatiot at 5T 

but nitrification iltitascti. with intasiti tnilpMtat itt Up Io 25 C. 
F'uithieriitrt, tln' lig ill iiit iiiatinn ,hettIatM.i with itirtasittg t lhlt

ratllr till to 25 C. At 15 C, 40 ppm (4 N(O:t N 'apnuI t l after 

a six-wek tpritoi, wh.rta> at 25 C, 129 ppii (4 No):, N \\i- W'lu

mii1lattd titting I iis cnrrtpniii itrlinu. fliti s"Mllclliilate 
p~roduction at 40 C, butt ther c, ; i , tcadhy illc r,a . dih ing thc' 

6-wek h1tri '. 
"hth iPaaha t(il hcha\','I thc .aillv as lit. W ahiawa soil IT tlit 

5-C trticatittlt but for tlit 15 C trtat int-t, after a twt-wttk lag 

pltiil, nitrification inrcea .ul 'Iarply and wa.i coil , .diiIIin five 

weks. "lht 25 C iiuhation treuatmeltt : wd itly a week (delay in 

this Soil and tit, ad(de amilmnitto \'aiWit n ldttth nitrified ill four 

weeks. At 40 t( ,lv 17 pl11 44t nittat' was producdI. indicating 

that nitrificatiun inhibit ittl utl ti tllipl t alli'til ' was greatest in 

this soil of tilt- foiul sils testel. 
It shlmtl he fitttl that ill thct wilti tgitic (,f the previtius fitI 

teXp ll i Pl |, ti lt- Il ~x illilllll tv illll tu rclFs to ( Id a t1 o rf v x ce o'l e d 40 C " 

forl thv' first tw( wc' ,k id1 incubation (Fi,-. I1: \ t cims i-~abhe 

nitrificatio(4 iid ihlamiIllfilli I'ccill ill Imth W\ahiawa and 

Paiaho so)ils hmr thi, warml rt-gilli,. "l'h. ;ali tt cmt radlichw v 

nitrification r ,iilts at 40 C"hntwv'tl the lili and lahtl)tattr stidit';, 

for these two "oils ale motst Pduvl lu . toi th fact thal thet' is a 

fluctuatin in t ltperatu o f at least li\'t dvgrts betwelt the 

maximmli ain mininmin It inpiratlt (-., ill tilt warm rgiuit, of the 

field experimt nt which lprovidtcel conditions ctndtiti', I(t rapitl 

nitrification. lit the la ratory expwril'lcilt, (mIt the otherl hand, tlw 
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Fig. 2. Nitrification ,)f added ammonium in four alwaiian soils incubated
 
at 5, 15, 25 and 40'C in the laboratory.
 

incubation telll'iatnt, was helI at a ('lstant 40C for the entire 

six vcek duration. 
There was a slight icrease in initrification at 51, in theu lalualei 

soil as comlparetl to Wahiawa and liaahoa so)ils. At 15, 25, and 40C, 
the aldedt amninnim nitrog-ii was iitrifiedl in 3, 2, 2 weeks res
pectivlly showing that with '1 iInc,'c;ase in tentpl(ratlire, the rate of 
nitrification was faster in this soil, than in the, former two soils. 
No lag pcriodl was 01b.sertved at 25°C and 40T(, as was trie with the 

Vahiawa anid th Iaaloa soils. This plhast of th( laboratory study 

corrol)orates the filti study fildings in t hat nitri ficationl)lroce(l!(l 
more rapidly dlei all tclenrattirc conlitions iII tihe Luahialei 
soil than in the Wahiawa and Paaloa soils. It is also noteworthy to 
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point out that as in the field study, reco\ cry of N0 3 -N at till highest 
temperature (40C in the laboratory study) dropped t( Itwer VP' les 
with longer periods of incubation after maximImI nitrification was 
reached ill two weeks, whereas at 15 and 25T, N0():-N valhles re
mained almost constant throughout the, (,rrj, tmlding periois of 
incubation. Ilere again, atnltomilnt fixatiot and gasvolos loss of 
anillollia aru blie..,I to hav iicclilrle to a gi,'itl" e'xtent ill this 
Luahialci at 40'C than at till- lower t'nierat tmr' . 

In the, Mail ,oil at 5Vf after it lag p-riil of 2 w,..k,, itrificatiot 
took place slowly an th c lle ,tcalil\" ilt'leasl'wl with titue. At tihe 
end of six weks, 50 per citnt of the a,hhlel N I I N wa nitrified, show
ing that ill thi., soil nitrificatio can occlur at lwer 1t1tt]triltutrs 
than in the. tithI tIlrct, s,,ils. At 15 ( toI 25 C nit riljcation was 

comilhte ill 3 :ttd 2 we'eks respcti 'vy. V\ litlh nitrification 
OCCltiT(l at 40 'C ;I Was t'lltr with til \\';i ;[illa lI liloa soils. 
It is significant to IIti. that ilc Inaan ailtlal dir ti tnprattirt" for 

this 'cool' Mailc soil is 14 C a, citrat.tI in 1(.'\vmat' .Lnlualhi 
soil with ii ct(5r-.sotnliti itlian tepitijht'tie (d 24 C. 

This stll\ ,h,,w\s that civei it lilttivenll.rattll i, til' ..,aic for all 
incilbitilg s(,ils, t re isia ltifh r.li', ill IlitI'al! l , ,llitioll w\hich call 
bc attriblIt,., to) tlht, ,iffi -l-k.l C i In ll . lil if vill ,I tl t c lilt, soil'. 
1;rtderick 10 ]lm ,, atlso -,hto\\'l 111al (1ilhcl-,clicts, 1)Illce l'lptll llt 

rIllget f nitrifi, tiun ill suoil, ;If-( (l , 1 Vltiati s ill i il;iti,,l of 
nitrifiers, awd tIe lag ht.t.,, ipirs i,, In' i,,i irlall, i tloth'liclf'tstcc 
ill the temperatIr' rang '., fil- it rifiitifn hmllIm il lilf't'tt soils. 
Rapid nitrificattion took plaict, il all fli. silat 25 C atnI flic (nh' 
differctie among In( soil- was illl I lag prioli. '[Inw l.ialiah'i and 
Maile soils I eha\'el itlta -inililr %\a\" tl;t tiin of iulhhdill titiiti 
amlollia \w'%,i,si',twnliallv l)ll)ti'te ill t\o \,'. "li]ihc and 
Wahiawa soil-, liffei 'l ill tikt l igi,.i' ,. "lI PIa)i cipleted 
its nitrificatiotn of adhId aiootlia ilIl tt .k1,. \lln.,t ill tinl 
Wahiawa, thern was n itiliicatioii th: itriiicainn was clhoitplt ill 
six weeks. 

'he foregoilnl resltsof ripidI nitrificiatioin at 25 ' agi' will with 
the results of Salley ci tl)", blit it is also s.il that all till. soils 
shiowed nitrification at 15"C. Furtlltrillntrc. thlI.Ii of tl fitur soil 
showed ctt)ilet ,itrificatiolt at this tetmliratti. \wit I dliffieei'. 
only ill their lag perioid. Al ii k Icj oh1n ] relnittei I hat nit rificalt iii 
(lid not l)rocced at 40"C ii at topical Uiganla ,,il but I his st Ink ll, 

http:citrat.tI
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nitrification took place at this temperature ill all soils at the end of 
six weeks. The \Wahiawa, Paaloa, Lualualci and Maile accumnulated 
33, 17, 140 and 37 ppm N0 3-N, respectively. Mahendrappa el 

1.12 found that soils from a warmer climatic zone incubated at 35 
and 40'C nitrified faster than at 20 and 25C. In this study, the 
Lualhalei, which is a soil developed uinlder the warmest climatic zone 
of the four soils, nitrified all the added ammoninin nitrogen ill two 
weeks at 40T,anl requ ire(d more time to nitrify the same amoult at 
a lower templerature of 15'C. The other three soils, (ee'Clol)Cd lIn(Ier 

cooler climatic conditions thaI the l.1ialtialci, all showed less than 
25 per cent nitrificatioii of addl'l ammoiiiimn at 40"C. In an earlier 
paper, Tlh i algali gain anild Ka i clih- 18 reported that nitrification 
at 40TC was not stopped in the lualedti -Oil eVTn ill thc I)IrshCice of 
a commercially prepared nitrification inhibitor (2-chloro-6-trichlo
romnethvl 1)'yridinc), whereais inhibition of nitrification was comlplete 
in the \Vahiawa and iaamloa soils for 12 weeks under complaralble 
c('(litioiis. This rapid and complte nitrification ill the lialuialei 
soil at 40-C sti gests that the optimin iitrification temperature 
range of 27 to 35 '( rel orttd 1\ \V aksman and Madhock 
and Frederick I( may Ibe too low for a soil like the Lualhalei. 

1). Miincraliza tion of nat i'e N. Mineralization of organic N 
wit.i letermilwd ill the Control treatillent (no( ailllllnlli sulphate 

added) of the \Wahiawa, Paaloa, IAialhmalei and Maile soils I) analyz
ing for N I-I- and N() 3 -N at the same temleratire (5, 15, 25 and 
40'() and at the sIellU weeklV as the lrexV'iOs Iit rificationinttrVals i 

study ill the laboratory. l'ht cumulative am uiits of NI li- and N0 3 
-N are given iii Fig. 3. Maximum amiimninim and nitrate nitrogen 
wore foumd at 40( in all four soils. As difference oii nitrifiability 
amiong these four soils was noted in tle earlier section oil nitrifi
cation, it is also noted here that there was a difference among soils ill 

,their mineralizing capacities. At 40( the laaloa and Mailc soils 
accumulated 116 anil 155 ppmi of (NI l.I+N():)-N, reslectiw.ly, in 
6 weeks as compared to the Wahiiawa aid Lmalnualci soils which 
accumulated only 26 and 36 ppm, respectively. iPangaiilban ' 
reportedi amimoni fication to occu between and o)se.r\,ed(i 15 and 60"( 
a faster rate at higher temperatures. Substantial release of NH4-N
in a high organic matter Hawaiian soil ilong-term oven-drying 

(90C) was also rel)orte(d by Sin g1 and Ka n chi ro 17 

http:reslectiw.ly
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Fig. 3. Mineralization of native N in four Ilawaiian soils incubated at 5, 15, 
25,and 40C in the laboratory. Ammonium plus nitrate values are cumulative. 

The difference in mineralization capacity is attributed to the 
amount of organic matter present. It issignificatit to note also that the 
amount of available N release at 40'C is correlated better with C/N 
ratio than with per cent total N in the soils (see properties in Table I). 
Agarwal el A. also noted a significant correlation to exist be
tween C/N ratios of the soils and N released during drying and re
wetting treatments. 

In addition to the well-known fact that ammonifiers survive high 
temperature better than nitrifiers, a numl)er of other reasons have 
been advanced to explain increased NL4-N release with high tern
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perature. Somc of those reasons are: 1.increased solubility of organ
ic matter in aqueous solution vith heating due to chemical altera
tion a, 2. killing off of micro-organisms because their death and 
subsequent lysis would be accompaniedl by an increase in water
solu)le organic matter 11, 3.chemical oxidation of humul1S or the re
lease of not-readily exchangeable NH.1 , 6, and 4. splitting off of 
NH 4 + from N-bearing organic compounds, especially proteins and 
amino acids 17 
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