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INTRODUCTION

The status of nitrogen end carbon In the soll invoiving both ac-
tual content and ratio has been recognized to correlete with crop pro-
ductlion. In meny cssss emphasis has been placed on Information derived
from the carbon-nitrogen ratio and corresponding quantitative values of
either carbon or anitrogen,

becompos ition of plant residues, from which the soll organic mate
ter originates, s accompanied by @ narrowing of the carbonenitrogen
ratio. As decomposition sicws down an oquilibriun valus s approsched
ond the velus usually ettained is sbout 10 to 12:1. This equilibelum
value 13 normally quoted for solls of the temperats reglions.

1t is easily understood that the carbon:nitrogen valus In the sofl
is a function of the climate more than it s of the other soll forming
factors. Tho climatic conditions of any arce grestly influence both
the rate of addition of plant residues to soll and the rate of decom~
position of that plent material. In Hawmii great chenges in relnfell
cen bo found within very short distances. The temperature changes iIn
Howall ere malnly @ funstion of the elevation, decreasing about 3 dee
grees fehrenholt for cach 1000 feet rise n elovation In locsl arees.
In this respect Hamil offers a good opportunity to study the organic
wotter as a function of rainfall because of the s=all changs in tem
perature relative to the changes In annual ralnfall.

The objective of this research s to determine quantitatively care
bon, nitrogen, and the carbon-nitrogen ratios of the solls of Haall
and to show cach in relation to the annuel rainfall,



REVIEW OF LITERATURE

The cerbon-nitrogen retio did not Inftially taks the form of C/N
directly but as pointed out by Jacks (5) various ratlos shoumd up,
such as 100M/C, N/C and finelly €/, Hclsan (9) found that the cur-
bon=nitrogen ratio is normelly about 10-12:1; however, there is &
wide difforence among the solls of the world, He further states that,
H, o ¢ It is prabable that climatic conditions play o dminmnt povrt
‘In\ dotermining the ratio for soils In any perticuler gres. . . , It
scons that s0ils In wermor climstes have higher ratios than soils tn
ceol climates and that the C/i ratio Is specific for each particular
region'',

it Is known that tho clizate not only affects the soll orgmnic
matter but that soll formution is effected by the cllmats. it should
be pointed out that climete is not the only fector effecting soil or-
ganlc matter. Jonmy (6) in his study of the relation between tempera-
ture and soll nitrogen found that nitrogen decressed with Increase In
temperaturs. This work was done In the tamparate regions of Horth
fmerica, A. L. Dean (3) found that the relation betwsen temperature
and nitrogen In Centra! United States could not be extendad to Include
Hewsll, In fact, Doon states thet, "On the basls of soll ritrogen,
Hameal) bolongs just south of tho Csnadien boundry Insteed of south of
tha Troplc of Cancer', It Is intoresting to note that A, L. Bean (3)
olso found that the carbon-nitrogen ratio in most Nawamllan sclls wes
balow 10:1 and wore noarly 8:1.
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L. A. Dean (b) studicd tho effect of ralafall on carbon end
nitrogan contents and carbon=nitrogen ratlos of Hawalien solls and
showed o significant relatlonship, His lovestigetions gave carbon-
nitrogan ratios of asarly 12:1 vhich s more consistent with what
would be expected from eorlier workses, (e slso obgsrved that both
carbon and nitrogen increased with reinfall énd clevation and that
consldering solis of constant cerbon contents, the nitrogsa do-
croased with increasing rainfall, This observation leads to the
conclusion that tho cerbon-nitrogen ratio would thoa elso incressa
with ralnfell, The results of the work of Ayres (1) ere sinllar
to those obtained by L, A, Dean, s found that for cultiveted solls
tho orgenic matter leve! for drier solls, those thet received an
average of 25 to 40 inches of anmual cainfall, wes bout 2 to 6 pere
cent and for wottor soils, those that recsived 150 to 180 Inches of
annual rainfall, w3 about 10 to 20 percont. He also found that for

thoss rangss in precipitsotion the carbonwnitrogen ratio verled from
9 o 20,

Jenny (7, 8) attaupred %o resolve the conflilcting reports be-
tusen his carller work (6) and that of Baan (3), Dean (&), Ayres (1),
and others. He obtalned results fa Columbia, South Averica that were
einllar to those obtalined for simllar conditions In Hawil, namely
bigher nitrogen with increasing ralnfall and decreasing temperature end
the carbon=nltrogon raotlos Incroeslng @s log of the ralafall, Jeany
() concludes that in the tropical regions, fovorsbic climatic condle

tlons end high ammual rates of fixation of nitrogen dus to large
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mssbors of logumas In the tropics, are the primary causes of luwcwrlant
vegetation.

s also statss that the decanposition of the forest floor thet
rests on the mineral soll procouds ot o rapld rote and o consliderable
part of the decomposition products inflltratas into the mineral soll,
becomposition within the mincral soll appoars to be slow, Accordingly,
msmus rapldiy asccusulatos to @ high level,

Ayres (1) egrees with Jonny that there Is @ lerge smount of na-
tive vegotation In the high ralnfall areas of the mmid and sen! humid
tropics end thet the high organic metter content In the soll Is due
not oaly to luwrisnt natlve vogetation but alse to slow decomposicion,
Ha attributes the olow decomposition within the soll to excessive sofl
ucisture and @ low pH veluo which hinders bacterlal sctivity.



DESCRIPTICH OF SOIL SAMPLED

The golls for this study were selected to represent the major
great soil groups and important soll serias within these great soll
groups. MHost of the sanples cams from the Isiend of Oahu., Two sofi
serios, the Hilo and Puhl, cano from Hmesil end Kausl respectivaly.
Al samples were selected on leval to gently sloping topography.

Four samples, one from each of four ereas, were taken for each soll
series, When possibie, samples of virgin scl Is vore taken, In sume
cases dus to the axtonsive cultivation of the serfes, this was not
possible, in this study only the surface soil O to 8 Iaches was used.
Tablo 1 lists the solls sampled along with tho rainfall and cievation
at coach sampling site, The physical properties of the solls used are
dascribod by Cline (2) In the Soll Survey of the Territory of Hawmli,
The location of tho semples fram Oshu ere shown on the map In figure
te



TABLE | THE LIST OF SOILS SAMPLED INCLUDING
AMNUAL RAINFALL AND ELEVATION OF EACH SAMPLE

Great Soll soll Sample & Ralnfall Elevation
Croup Serilos Map. tio. {In Inches) (in feat)
Low Husic Holokal in 28 120
Latosol 2 27 iso
‘ g* 3t 320
uaipahu G 2 .
& & &
B2 25 S0
Lehsing 9 27 549
10 27 lg
] a7 !
12 i; 340
Wahimn H 920
L 46 L8y
5% Lg &80
£ 50 Lld
#ehana i7= (i 6ho
18 69 660
9 56 (AL
20% 62 640
thmile Paalca 2w 45 1000
Latosol 22 68 1020
23w 70 1200
24 5 840
Kanashe 25% 83 280
el % T
30
284 a3 320
Hydro} Hhumic Hilo 29% 148 100
Latosol 300 200 1320
3iw HL% 110
32e 140 lio
Keolau 33 98 1050
34 2% 1189
35% 90 1280
36 23 1360



TABLE | (continuad) THE LIST OF SOILS SAMPLED
INCLUD ING ANNUAL RAINFALL AND ELEVATION OF EACH SWAPLE

Groat Soll goil Sanple & Ralnfall Elevation
Group Serics Mop No. (in Inches) (In feot)
Humic Kolekole 37 37 840
Ferruginous 38% 32 - 840
Latosol 399 30 760
b 28 720
Pulit M 80 280
b2 50 330
43 60 380
Bark Hagnest Lusluaiel :;:- sﬂs ﬁg
un ue
Clay b 20 70
gt 18 (]
i8 6o
Gray Hydro- Honoul full ] E 30
morphic Soil 50 H 60
81 34 20
52 26 20

syirgin solls
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FIGURE | THE LOCATION OF SAMPLING SITES ON THE ISLAND OF CAHU,



EXPER INENTAL PROCEDURE

Preporation of Sofl Samples: The bulk soll sampics were alr
dried for a period of two wosks, Any large undecomposed organic mate
ter, such as roots of living plants and surfacs trash, wes removed 83
this was not considered part of the soil orgonic matter., The entire
samplo was then ground to pass @ 20 mesh screen. This Included any
rock freguents that wero prosent within the soll. The ground sample
was then thoroughly mixed. A small portion was removed and oven dried
st 110° ¢ for at least 24 hours. The sauples wore then amalyzed for
carbon end nitrogen In duplicate, and everaged.

Cerbon: Carbon was dotermined following the dry combustion
mothod descrlibed by Piper (10) with the modification thet pure bottled
axygen was biowm through the combustion tube rother than alr beling

drawn through,

#itrogen: Hitrogen was doterained by the Kjeldahl method for
soll nitrogen as described In tho Methods of Annlysis of tho Associae
tion of 0fficial Agricultural Chemists (12).
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RESULTS

The results of the analyses for cerbon and nitrogen In the 52
solls sampled sre showm In tdafe 2, The caerbomenitrogen rotios calcu=
insted from the carbon and nitrogen content are 3iso shown, Plots of
carbon ve. rainfall, nitrogen vs, ralnfalil, end corbom:altrogen vs.
rainfali ove presented In figures 2, 3, and b respectively. A core
relation enalysis of carbon end rainfell indicated a correlation co~
officlont of 0,847 which was highly significant. The eguation of the
regression line of carbon on relnfall §s C = 0.063R =~ 60,1055 this
line i3 Indicated In flgure 2. A multipic regression of carbon on
ralnfall end elevation wes also studied, A "t test of the § coofe
ficlonts showed the "t of 10.748 for b of carbon on reinfall to be
highly significant with a probablility of getting @ higher valus of
less than | in 1600 end the "¢ of 0.260 for b of cerbon on cleve-
tien to be nonesignificant with a prebability of getting & highor vai-
us of more than 5 in 10, The meen corbon content was 3.35 § .42 pare

cant .
The correlation snalysis between nitrogen and rainfell gave o

correlation cosfficient of 0,796 which 1 highly significant, The
equat ion of the regression lins of nitrogen on ralnfall s

B2 0.003R & 0,061, This lins is Indlcated on figure 3. A multiple
raegroession of nitrogen on rainfall and olevation was studied., A ¢
test of the (3 cosfflclents geve & "t of 7,237 for b of nitrogen on
rainfall which was highly sioniflcant with @ probablility of getting &



TADLE 11 CARBON, NITROGEN, ANO CARBOM«i ITROGEN
‘ RATIO OF 52 NAMALIAN SOILS.

Great Soil Group Soll Series . Sample No, Carbon % Nierogon %
Low Humic Letosol Holokat B .7n 0.148
28 1..2 0.152
3% 1.16 o.152
fy 1.55 0.157
Walpshu o 1.28 c.123
G 1.97 0.156
i 1.6 0,148
8= 1.21 0.105
Lahalina 9 2,15 0,204
1] 1.99 0.186
i 1.7 0.172
i2 2.03 0.2i4
Wehimes i3 1.37 0.118
e 3.25 0.338
i5a 2.8% 2.310
jo 5,80 0,503
Xshans 7% 3.3% 0.285
182 3.68 0,288
‘9 !o& ‘,.‘%
m “.u e.m
thmelc Latoso! Paaiton 21% 3.5 0.220
22% 3.5 0.238
Q% 3.5 0.368
i 3.15 0.201

1]
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oF 52 338K
Sreot ol Grop Wil Saries Somple Ho. ' Cevhon 4  Hitrogon 3 (7]
Aaslc Lagoso) it ' 5% 3.9 .29 17.06
264 $.37 6.350 15.30
200 o oo
8,331

tiydrol Husic latcsol  @ile 200 2.334 17.62
0% i7.08 2.97% 17.64%

3ie 9.561 15.53

S -4 3 o e

35 3. G.252 1%.73

; 0.206

iwgtoso! 30 3‘.3 9.236 1.83
z B R
5.68 15.95
Pahi 4 | 3.83 9.269 L%
52 3.2 0.230 3.55

3 3.19 0.256 i2z.n

berh Smpnosiae tvalualal | :ﬁ zg ::g ::.g
Clay ) §.00 0,088 18.39
30 0,08 4.083 9.5
1.k 0,020 15.56



TABLE 1} (continued) CARBON, RITROGEN, AND CARBON-NITROGEN
RATIO OF 52 HAUADIAR SOILS,

Great Soll Group sol) Seriles Sample Ho. Carbon % Hitrogen ¥ c/m
&-{ Hydromorphic

sol Honoul full by o.47 6.067 6.96

50 1.53 - 0,098 i5.62

si 2.16 0.16% 13.18

.32 0.133 9.96

@
virgin soiis

1]
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higher valua less than § In 1000, and the 't" of 0.018 for b
of nitrogen on elevation to bs non-significant with a probabli-
lity of gatting ¢ higher value of more than 5 in 10, The msen
nitrogen content wes 0.245 % 0,031 percent.

The plot of carbon:nitrogen vs. ralnfall {figure &)
indlcatad 3 curvilinesr relationship. Therefore, a corrslaetion
analysis betwesn log carbon:nitrogen end log rainfall was made,
This gmve a correlatlion coefficlent of 0,585 which was highly
significant, The eguation of the regression line of log carbon:
nitrogon on log ralnfall is JogC/N ¢ 0.21710gR & 0.742; this
line Is Indicated on flgure &, A multiple regressicn of log
carbon:nitrogen on Jog rainfall and elevation wes also studled.
A “t" tost of the 3 coofficlents shownd the "¢ of 3,955 for
b of log carbon: nitrogan on rainfell to ba highly significant
with probability of getting a higher value of less than | in
1000, and the "t of 1.039 for b of log carbon:nitrogen on ele-
vation to be non-slignificant with a probability of getting a
higher velus of botwsen 2 and & in 10, The mean log carbon:
nitrogen was 1.100 ¥ 0,023,
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DISCUSSION OF RESULTS

The organic matter content of the sol! as Indicated by the cer-
bon content, increases with Increasing relanfall, If the mean annua!
tomperature decreases with increasing clevation there 18 no signifle
cant changs in carbon content with temperature. (n smsll aress thore
is a highly significent corrclation betwsen rainfall and elevetion.
in the area covered by this study the correlation wes only signifi-
cant. In this rospect one can expect the organlic matter in the soll
to increase with increasing eclevation, This agress with Ayres (i)
&nd Jenny (8) that the natural vegetation is hesvier and thet the
decomposition within the soil is lmpedad due to the higher amounts
of water contalnod In thess solls,

As shown in figure 2 the carbon content, which s o measure of
the organic matter content, Is higher In the cultiveted soils than
in ths virgin solls In the regions of rainfal! belaw sbout 30 Inches.
Above about 50 inches of rainfall the reverse secms to be trus, that
is, the carbon content s less In ths cultivated solls than in the
virgin soils. Under cultivation in the low rainfall regions more
organic matter is returned to the soll under Irrigated crops than is
roturnad to virgin solls, in hicher rainfall reglons the opposite
appears to be trus, That is, less organic matter is added to the
surfece of the cultivated solls then to ths virgin solis, and culti-
vation helps to eeraete the s00) and aid the decomposition of the
existing sol! organic matter,
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Nitrogen also Increases with rainfall but at a slower rete
than does carbon, This phenomenon I8 to be expected becsuse as the
rainfall Increases, the vegetation boccmes more lwwriant and larger
asaunts of fresh material erc added to the surface. ODecomposition
under these wetter conditions is also slower, Even though the do-
composition is slower the nitrogen thot Is mincralized 1o leached
wore rapidly In the high reinfall reglons. Therefore, It is to be
enpscted that the cerbon-nitrogen ratio will Increase to equllibrius
valuwes thot will be closer to the carboaenitrogen retio of the fresh
plent material. (¢ can be discernsd then that with incressing en-
nuel rainfall not only doss nitrogen content increase but also the
carbonenitrogen ratio., The fact that the cerbon-nitrogen retlo does
increass end epprosch a meximum Is indicated In Figurs 4. More dats
in the ares of 100 to 200 inches of ralnfall would show this more
clearly.

Figure 3 indicates @ similar choracteristic for nitrogen of
cultiveted snd virgin aolls as flgure 2 does for corbon. Since both
carbon and nitrogan are affected similarly the carbon-nitrogen ratio
should not be affected and the carbonenlitrogen ratio for cultivated
solls should be no different then that for virgin solls., The graph
In figure & shows that there s no sppreclable difference In the
carbon-nitrogen ratlo betwcen cultlvated amd virgin scils., The re-
sults of Ayres (1) for cerbonenitrogen ratios in the high ralnfall
grea agres very wall with those showm in figure &,



in the rogions of bigh rainfall tie high carbon-nitrogen ratio
doss not seam to effect advarsely the growth of mative wvegetstion,
A large proportion (probebly over 40%) of thess tropleal end seale
tropical plants ore Tegmes and therefors are partially eble to
“fhw thelv am altrogen and supply nitrogen to the adjecent non-
logmiaous plants, This olde olso In the bulld wp of orgmic ante
tor to high lovels In mamy of these sollis. Ten to 20 percent o
bighor organic asiter Is common in thoss troplcal raln forsst typs
solls,

Thers ere thon, in the raln forast type solls of the troples,
oquitibriun valuss of carbonenitrogen ratlos that will aot adverssly
offect plont growth, The organlc metter content will aet bo emine
tatnod in tha cultlvetad solls at the sauwe Tovel as In the virghn
goiis becouss of the edded awration dus to momipulation of the soll,
Also most crop plonts wiill not supply sufficient aitrogn to maine
tain ths organic aptter &t ¢ high iowsl,
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SUMMARY

Both carbon and nitrogen increass with Increasing rainfall,
The cultivated solls In regions of rainfell below 30 inches have
aore carbon end nitrogen thon the virgin sollis. in regions of raln-
fail above 50 Inches the cultivated solls have less carbon and nitro-
gen than corresponding virgin solls. This phencmsnon Is associated
with the awounts of plant residues roturned to the soll by crops or
native vegetation,

The carbonenitrogon ratio increases logarithamically with In-
creasing rainfall and tends to approoch o maxlmsa, There §s no dif-
ference In the carbonenitrogen ratlo of cultiveted end wirgin soils
of similar rainfall sreas. The large mmber of legumimous plants is
prabably the maln reason why ths native plant growth s not hindered
by the high carbonenitrogen retlo end subsequent nitrogen available
lity.

The high amounts of crganic metter in the solls of the high rain-
fall areas ald In the maintenance of the soll structure which allows
lergs amunts of water to enter the soil., This large quantity of
water produces & seml anesrobic conditlon that hinders decomposition
ond maintains the organic matter and the carbonenitrogen ratio at
high levels.

There was no correlation betwosn the elevation and carbon cone

tent, nitrogen content, or carbonenitrogen ratio.
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