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1he stetus of nltrOgen ,nd carbon In die GOU I lyfng l>otb c• 

tu11 coatant Md re lo ·his'*'» rec:os,tl to co,relete w1tll crop p,o-

4uctloa. tn ca- I hM flNn pt · derlWd 

fNIII 11111 carboDwal ratio corru,oadlag tltatlvo varues· 

..... 0, "' • 

NC~ISIII f pl•I ,_,.... •t toll or le • 

arlgt tot, It I by • flln'OWlng of the ~ltroglln 

·r lo. M ,,, ., .. ._ J1 I 1 •• .. r'Oll:ned 

tllo ., ...... , ettll •• 1,1. •• Jiu.ti 

••• IIOffllltly .... 

It 11 eally UDderatocd 

•• • ti• thl ell 

1etora. The c11•tlc 

of .WU:1 

Iha ...,.._. Ntlons. 

the ewbon:alt value In &he toll 

· II t• thl II forming 

of llnY ... a,eetty fnfl both 

I t.o toll end re of dlM:lan-the r 

potltl of that plant raaterfal. t .... 11 great de lo rot fall 

fotmd wt In t Is • ature In 

.._II are •• 1y • tlon. Ing t J · 

.,.., f. It for I 1ew Ion In local area. 

I •• respect ...... offer 8 pod lty to 1tudy the CW91QI 

tter • function of rain 11 ~mse of saral I Chi· IICD In 

•~ relatl to 

(1,Hlntltfttl ly • 
bon, nitrogen. Orog11n r tlct of eolls of 

to lhcw eech In r la Ion to the I r I f II. 
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RIV IDI '11 L ITEIIATUIIE 

Thi carlaon-altrogen ratio did not lnltlally ..... the fonD of C/1 

directly but es pointed out by Jacki (S) •••-- t"atlot sbcll ad up. 

IUdl • IOON/C, 11/C and flnelly C/N. .. .... (9) found thllt tho car­

..... ll'OgiN) ratio 11 IIDftlltlly ebcut I0-12: h .,..,.., tliWe ta• 

..... ,,,.._ -. Cbe .... of the -,1c1. Ill fur ......... that, 

•• ••• It 11 prablble Chat clllllltlc condltlCIIIS ,,.., • •IMllt pan 
' 

·1ft .,..,.lnl119 the rulo for sol 11 la MY pettJcul• .... • • • It 

... tbat •11• In ,.,.... cll•tes ._. e.1.- mlot .._ MIit In 

cc»i clllllltea _. did the C/N ntlo It ..-1flc for_.. •tlculw 

region'•. 

It It ktlrMI that tho cl fmte toi GDIJ •ffecta tbl •II org1nlc 

111tw but that son ,_._uon ts effected 1,y the.,..... It thoulcl 

be Pointed out that cllawtte Is not the only facw affecting sell or• 

Slftlc •tter. Jc.mny (6) lo Ills study of dlG reletl.on betwan l«rpera­

tt.aro end toll nltrogeo found that nltro,an decreased with,_,.... In 

temperature. 1h11 '1IIOl'k WIit a'8 h> the ........ reglGM of North 

,.._ lea. A. L. Doan (3) found that tbll rel et Ion batleOn uaperature 

end nlt,agen In Central &llltod JU.tot CC1U1d mt be •tended to Include 

Haell. In fat, Dea states the,. •-on the basle of eon nitrogen, 

,...II belongs Just south of thl tanadlen bolftdr y lnstetd of toutb of 

the Tropic of cancer... It Is Interesting to note ~ A. L. lee (3) 

elto found that tbe carbon-nitrogen ratio In most -.n. soils ws 

below 10:I 81\d more nearly 8:1. 
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L. A. INl1 (4) studied tho effect of ralnfat 1 on carbon end 

nltrogan contents end carbon•nftrogen ratios of Hawaiian solls end 

lh1Mld • slplflcent ,eletlonshlp. Hl1 lnvestlgatl00$ ge,n carbon­

nltrogan ratios of aoarly 12: I '4lld1 fa ..-e consistent with wbal 

lalld be -,ected ,,. ............ ws. Ha ••• CIOIOf'Ved that bo.dl 

cwban and altropll , ........... wlch ralnfall 41111d olevetton and that 

consider Ing sol ls of coa.umt ~ contents. the nltrogan do­

crea&Gd with IAUMSlng ralafa11. Thia obaervadon leads to the 

cantlusl• that ttra carbon-altrogea rec lo .,..ld u. e1ao Inc,.._ 

with ralnfall . tbla ....,Its of tt. mrk of ,,,,.. (I) •• slmllw 

to those d>talned by L. A. DNn. He found that f'w cultlveted aolls 

tho organic utter level for drier aol ••• thmre tNt recelwd • 

average of 25 to ltD lncbeS of anawtl ralnfoll, wes bout 2 to 6 per• 

cent a.a for wttor soils, thote that , ... tved 150 to 180 Inches of 

i'ln\1Ual ralnfell, as about 10 to 20 perCGDt. He &lso found that for 

theM ranps la preclpltetlcn the em-ban•ltrogan ratio varied from 

9 to 20. 

Jemy (7, S) at~ted to roaolve ·tJ!tG confllctlng rei,erts be• 

been his ewller 111Jrk (6) a'ld that of Oean (3), ~ (4}, Ayre& (I), 

and others. He obtained re:sults h1 Coh,mia, South Auevlca tbot were 

elmll• to those obtahtad fOf' slmllar condlUOR$ In Haalt, ft1111.aely 

higher nitrogen with l11eraeslng ralnfoU and &x.Nla$ift9 ~at.ure and 

the carbon-nitrogen ratios lncrealog 89 IOG of tba ralnfaB. Jenny 

(8) concluaa that in t.he tropical region&. favorable c:Um,,:itlc coo<H• 

tloos erld high lJ!'ffluel r.1tes of fl~tlon of nitro~n <hJG to J,rwge 



4 

.. ...,., of legaaaa In tho tropics. ere die primary ceuses of lwwrlant 

ptatlcn. 

He eleo etatat that the ctecamposltlon of de fore,, floor that 

resu on tba mineral son Pl'ocoeds at• raptd rate and• consldaral• 

p1rt of tbla dlc:ol!t'Olltlon product, tnflltratas Into die ralnere1 Mil. 

Deco111•ltlon within the 111.,..1 •It ••••• to N &low. ~••sly, 
.._.. ra,lcttv ecc_.lMOS to• talQb tei,e1. 

AyNS (1) .... with J1nnJ that thNe la e ler91 _. of ,.. 

ttw vegataaloa la 11111 bl91 raln,.11 .,.. of tlaa hullcl 811d semi hulltd 

t,optca • tbat tt. hlth «91Dl• ••• .. 11111 In tllt aon Is dla 

Ha ettrlbu'8$ the al• dec""'POsltlon within ttw ton to ace. she eon 
moisture amt • low pit •••• lllhleb ftlA.der1 bocterla1 eetlvtty. 
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DESCRIPl'ION 0, SOIL SMPlED 

fte tolls for thle 1tudy wre sel.ected to represent the aajor 

grMt eon poups and Important son eerlas within these groat eon 
,,..,.. Nost of tho 1a11ples C8ID8 fNII Ille tsl-1 of Oebu. Tm aoll 

....... the Hilo and Puhl , -.. , ,.. lfalall and .._, respectlvely. 

AH ...,1es _,. teltcted on levol to 91Rtty tloplng topography. 

Four ...,101, cne frm MCh of four .,..., ..,. talan far eadl eol 1 

..,,... lllilR posslbte. 1111Ples of •f,-9tn tGf Is w,e Ulllitft. tn -

ca1N M co., •tentha eultlvatloa of &be wlat, Ihle ms mt 

Po$111>te. In this ·ctudy only the _., .. tol I o to I Jactaos tm used. 

Table t lists tho sons Nas,led elOQS with .tba ralnf•lt ad elove1lon 

at eaeb ._ting 1fte. Tha physical p,GSMWtles of the &oils used are 

doscrlbacl by Clfne (2) In the loH SUf\4eJ of the Twrltory of Maell. 

1be locetlon of tte M1DPIGS fraa Oahu ore shatm OA tho map In f igure 

, . 
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TMLI I (contl .... ) 1HE LIST o, SOILI IMIUD 
ltCUJD ING At&NlaL RA ltFAU. AND lt.lVATIGI Cl' IACH IMIU 

tfullc 
Fettutlnou1 
Latoaol . 

............. 
Clay 

Grey Hydto-
,....pttlc son 

twfrgta •11• 

loll ....... 
t<olekole 

Nd 

Lueluetet 

.._.1tull 

S.,I• $ .. l•f•II lle¥atlon 
Map No. U• ,..._, Un f'Mt) 

J1* 37 a,.o , .. JI 8l,o ,,. JO 760 .... 18 720 ,., • .. ... 50 J80 : • * s, -... • Ito ... • 70 :r •• • •• '° ,., ;1 so '° 51 J4 28 
sa 16 IO 
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I I I I 

ll<td- _z1••ct 

-33 f ,.34 
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Z2 0 121~1, 
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ISLAHD OF OAHU, T. H. 
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,o• ... 

FIGURE I THE LOCATION OF SAMPLING SITES ON lliE ISLAND OF OAHU. 



Preparation of Soll S..,las: The bulk aoll M1Dr,les mre air 

dried for per iod of two weeks. my I 1J9 ~ or le mat-

ter , such 09 root, of llvlnt p1•t• and surface trash. removed cs 

tbla l!MI no\ con91dered part of the soll orplc •tter. •tire 

GalPI · NN u.n ground to Ph• o 20 . eh ...... flits lnclo41ec1 -v 
rock freptmU that wcro preNDt wi thin Iba SOI i . 1hl orOllDd 1141mpte 

thtlft dtorouf#lly elxoct. A .. 11 ,crtlon was ,ellDU'84 w dried 

at I IG° C for at IMSt 2ft bourl. 1be lu tiera *- -,1yze4 for 

cartJon end nitrogen In dupllcele. and averaged. 

carbon: carbon wu determined follcaidnt the dry CGllbustlon 

method described by Piper (10) with the modification that pure bottled 

oxygen was b10l1P through the ~stlon tube rather than air being 

dr am through. 

l ltrogem tt ltrogan ms dateneinod by the Kje ldahl method for 

sol I n itrogen as described In t ha Methods of Analyst& of tbo Assoc la• 

tlaa of Off icial Agrlcultural Chemists (12). 
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RESULTS 

TM molts of cm eMlysea for- cert.a find altrogrm In the 52 

solla N1Plod.,. .... In table 2. 1M cwtaoa•nltr09N' ratio. calcu-

1oted fr• tlNt carbon Md nitrogen CCMtent .,. al,o ebGNn. Plot• of 

.,.._ n .. rolnfal1. nlt.ros,en vs. ralflf•11 • .. carboa:•ltrogan vt. 

retnfall ere ,...._tied la fl.,.... a. ,. ml 4 N11PNtlvely. A ccw• 

relation .alysla of certaa find relnfen l•la1:ed • corNlattoa co­

•fflclent of o.ar.7 ldhlcb _, bl-.ly el911lflcant. 1ht ..-,,_. of the 

,..-eufOQ It• of cerlloll on r•l•fall It c • 0.1611 • o.105a this 

11• ts 1.ac11cat.t In fltuN' a. A 11111ltlple ,o.grusl• of eorbon on 

r-alnfa11 and elevation-.••• studied. A •ttt• test of the ~ coef• 

flctenu llw'.Me4 tho 0 t 0 of I0.748 for b of cer"bM on refnfaU to be 

blgbly significant with• probeblllty of getting• higher valuo of 

less than I In 1000 and ttae ·~· of 0.260 for b of carbon on eleve­

ttOll to be non-elgnlffcat with• prct,ablllty of grattlng a higher ve1• 

ue of more tta S tn to. \be men C'Alllf"bon content tas 3.35 • o.42 ,er• -
cent. 

Thi ccwrelatlce analysis beblllefl nlttogln end ra!nfc11 gava a 

correlotlon coefficient of G.796 "1llcb le hl~ly slgnlflc.ant. The 

-.,.tlon of the regr4$Slon llna cf nltrogle on ralnfa11 Is 

N z 0.003ft + o.061. This llu Is lndlc:.11ted on fls,,re 3. A multlple 

regression of nitrogen on ralnfal1 at.d elevation was studied. A 'ti" 

test of the (3 ~fflclents gave a 0 tu of 7.237 for b of r.lttog'IA on 

ralnfaU tdllch wa~ hl~1y significant with a probability of gett ing a 



TABLE 11 CAaBOII, lilt• AIIII ~RIIEI 
MTIO OF S2 ·HAit SOIU. 

Gr t Soll Group Soll Serie& ..... No. ~ '& llltrogen,. CIR 
\ 

lOf &ale Latosol fl>lokal I 1.71 ...... 11.54 
a- f .'al O.IS2 9.37 ,. ,.,, o.11aa 8.16 ,. 1.55 O.IS7 9.89 •. ,., S* 1.18 o.1u 10.~ 

'* 1.9'7 '·'" IJ."8 .,. 1.ltl o., ... 9.53 
8* l.ZI o.tos II.SI 

UZ.lm 9 I .IS 0.20ft 10.54 
10 1.99 0.186 10.68 
n 1.19 0.172 IO.J9 
12 I.OJ 0.214 ,.so 

vat .. ,,. 1.)7 o.na 11.42 ,,.. ,.zs O.JJ8 9.61 
15• 2.a · ,.,10 9.16 
16* .... , .• 11.92 ..,.... 17* J.Slt 0.285 11.68 
18* , .• o.188 IJ.i.6 
19 , .• •9.194 9.39 ... "·"' o.lJ8 18.56 

tmtc Ls I Pa 21 '·" 0.220 IS.SI 
22* ,. o.a,a , ... ,., 
23 J .'5 . ··- H.21 

* J.IS 0.201 15.66 ... -
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TABLI n (com:tnuod) CMBOtt. mOGD. • Cll8tll •anuGEJI 
IATI0.1 OF 5Z . ttM II.I. 

Great son ·~ . . 11 1w sa.te •·· ClrlioD s atlNgla s c111 

• t1lr9la eons 

5 
S1 
SI 

0.061 
. • 098 
o.tA . . m 

'·" 15.62 · 
IJ.I ,.96 
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hip,- v•lue less than I In 1000, and the "t" of 0.018 for b 

of nltrogao on elowtlon '° be non-slgnlflcent with • probllbl• 

llty of getting • hlpr wlue of *"'O dllft S In 10. 11- ,..... 

nltrogan content•• 0.245 ! 0.031 percent. 

Tbe plot of carkln:nltl'ogMI vs. ralnf•II (figure 4) 

lttdlcetad a cutvlll__. relatlonsblp. ""'•fore, • cwrelatl• 

... 1,.1s 11e-... leg canan:nltrogea _. log retnfall ... 118de. 

11111 gave • correlatlon coefficient of o.ss, llltlda WIS hl-.ly 

tlFlflcant. fte ..-1ora of Iba,.._.,. llne of log 4*bc>n: 

nltrogon on log ralnfell la toge/I a o.l1710fl • 0.1'11 this 

Une la fndtcated on figure 4. A .,,,1,1. ,egresalon of log 

cerbcn:nltrogan on 109 rolnf 11 encl elevetlon ... also studied. 

A ''t" teat of the (3 coefflc: •·••• ~ the '"t" of J .,ss for 

b of log c•ban:nlUOgen an ralafall to be hl-.ly slgnlflceat 

with probeblllty of getting• higher value of lest than I In 

1000, and the ''t0 of 1.039 for b of log 4*'bon: altrogen on ele­

vatlon to be non-•lgalflcant with a prcbabl I lty of getting e 

hi-- vehe of botlilien 2 end 4 In lo. the .an log c:orbon: 

nitrogen was 1.100 ! 0.023 . 
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DISCUSSION OF IESULTI 

Tho organic •tter content of the son •• Indicated by the cw• 

bon rmtent. , ........ with Increasing ralnfell. If the ..... .,...., 

temperature -.creases with lnereulng elevation there It "° &l9Dlfl• 

cant changa Ira carkln rmteat with -.rature. In -11 _.... then 

Is• blglaly significant cornal•tl• be-. ralAfall .. elevetlora. 

la ti. .... covered l>J lbl• It~ tbe eomalatlCM - •ly elg11lfl• 

cant. In thla reDPKt on111 can..,_, the organic ••ter '" the sotl 

to fae,.... wftlt lftCf'eall.ng elevation. Thia 8IJl'W with Ayros (I) 

end Jenny (8) lhlt the natural vagetat Ion la beev ler and Chet die 

deecllposltloa within the eol1 ls lai.,1ded dltO to tho hi..., ..... 

of __. contalRN 111 theae eol ls. 

As sllClln In fl .. r• I the carban content, which Is • measure of 

the org1nle IIDtter content. Is higher In the cuhlve&ed aolls than 

In the vl,gln eon, In the regions of rainfall belc:w about 30 lodlcs. 

Abo¥e about 50 Inches of ralnfall the reverse seems to be true. that 

Is. the carbon content 11 less In the cultlvau.d eol11 that In the 

virgin solls. Under cultlvatlon In tho low ralnfall regions more 

organic matter Is returned to the aoll under Irrigated crops t1lM Is 

returned to virgin soll1. In ht~ ralnfa1 I regions the opposite 

appears to be true. 111at Is. less organic matter Is added to the 

turface of the cultlvatec:1 eons then to the virgin sc,Us, and cultl• 

vatlon help& to aerate the so:~ and &Id the c:1eGomposltlon of the 

existing soll organic matter. 
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Nltrogan also lnc:rea,es with ralnfall IJut • a alCMW rate 

tt... cloN cerbon. Tbla phenalenon 1, to INI -,ecled beceu• u the 

ralnfell , .......... tllll -.,.tatl• e.tNt.,.. l111urlant ad,.,..,. 
...... of,,... .......... ·added to ...... , ............. .. 

_..,. .._ •tter c:andlUoas la aleo ti..,.. IWII thou_. that de-

c1 Jllltlon II elw lbe •It,,,._ .... II elW'•lllld fa INCIIM 

acn ,.,I.Sly In*"" 111th ratntan ,..., ... ·,..,dot•, It•• to lie 

--,utelll tlllt the cerbo• •ltrosJltl' ratio wlll ,_,.... to ... unwi. 
••- llllllt wU1 • cl ..... to tbll wa.. ,.,,,... ,a1o of • fNlla 

.... --···· •• CID be 411G1ft18d .._ tlln ............. _. 

.,_.•ltf'OIID ratio. The fact lhlll t:be ~tb'OIID ratio ._ 

....... ad ..,.wb ................... ftguN ,. .... ... 

In tile .,.. of too to aoo f ncheo of ralnfal I ..,, • .,._ this .,,. 

c, .... ,,. 
,,..,. J lndlcatM .................. ,c for ftlt,oga..~ of 

cultlvated •d vlr9ln eolls • 11...,. 2 does for carbon. Since both 

carbon encl altl"Oflllll are affected elalttr1y the carbon-nitrogen ratio 

should not be affected end tho car...._lvogen ratio for cultivated 

tolls should N no different tban ttMJt for virgin 110ll1. ,,_ lf'aph 

111 flpe 4..,. that there ts no eppreclable dlfforenc:a In the 

carbcJn,.,nltrogan ratio between cultlvoted .S virgin 9011&. n. re• 

suits of Ayres (I) for cerbon-nlt.rogen ratloc In tho hlsfl ralnfell 

area agree vory w 11 wl th those ahrul In f J gure 4. 



la Ila ,.. .... of hldt rolnfall thl hlfla .., ... ..,...._. ratio 

... - - to.,,.. ...... , ..... of ........... . 

...... , ..... '- and .... ,.. ......... , ... . 

·~. ~ .............. ...,,, ........ to ......... ... ........ , .......................... ., ....... . 
• era btth ._,.lo-. of.._ eoll1. T• to IO l*•rt flt 

-·-- .... ,c -- •• -- ....... t,oplctl .... ,. .. .,.. ..... 
1llwe .. IIIM, ta ·Ille r•lo ,._. tp .Sis of-. we,tn, 

..-nn.1111 vat.. of ~ttrootn ratios tMt w111 Ml ..,.,Y 

.,,., plan& .... Ti. ........... ~ tdtl - ..... 

totrlld la U. w1tlvated M11t at tb8 _.. i.e1 • In • •lrtla 

•11• blcaflle of tlto ...._. watlon 6lt to aaanlputetl• of de toll. 

AltlO mlt wop platl wll l oupplv. a.'fflca-t nt~ _, .,.-

taln tb9 .... ac •ttw •• bldl tovot. 
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Sll1MARY 

Doth carbon and nltrogi.m Increase wltb Increasing retnfall. 

1'bl cultivated aol lt In nglc:ms of ralnfel I a.tow JO tl!Cboa ,._ 

_,. carbon IIDCI nitrogen then tha virgin solls. In reglc:ms of rain­

fall ebcwia So Inches Ulca cultivated sons hwe less ~ _. nlvo-

9111 tllea oar....,._.lng virgin sons. 'ftlls .,.._, .... ts.,.,.,.. 

••• • IIPOlmtl of plat residues retwnN to thl soll tr, cro,t o, 

uthe wgotatlm • 

. ,_ .......... lcrogea ratio ll'ICNl8tel logw1thlllM11r with lo­

c,..tq ralllfa11 and tends to epptOIICb • wrm.. ,...,_ •• • dlf• 

,.,_ la Iba c,,_..ltrogen ratio of cultlveted _. vlr9l11 aona 

of sl•tl• ralnfall areas. The largo number of 1..-1nr:u, p1enu Is 

problbly the mafn reatan day the MtlW\ plant ,...,.._ la aot hmdlrM 

by the h.lgh carbon-altrogen retto end subtequent nitrogen awellabl• 

lhy. 

n. hlF amounts of organic matter In the tolls of the hl{lt rain­

fall areas aid In the moln~nance of the sol1 structure dalch al lows 

l•ge fllOl.mts of water to enter tho toll . This larll'l quantity of 

water produces a seral anearoblc condition that hinders decanposltlm 

end 1Aalntalns the organic: mttw and the cart>on-nltrogiNt ratio 01 

hi~ lnel1. 

There IIIU no correlation botwaen the elevation end C4lrbon con­

tent, nltrogan content, or earbcn-nttroge.n ratio. 
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