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needle 1),has been reported to lower the inorganic N content of soils, 
at least initially. This is a study on the effect of sugar cane bagasse* 
and sucrose additions on native N transformation, and oil added 
N immoblilization in some Hawaiian soils. he productioin of CO2 as 
influenced l)\. these energy Sources was also deteri illed. 

MATE IALS AND MIETIIODS 

Iive Hawaiian soills, \Wahiawa silty clay (Trptptic Itllortihox, Ila­
homisiltN' clay (i-uoxic irpoluifult), Koko silt clvay lan (1 stollic 
H tit raidept) , l.uaInnhi clay (Typic Chrotimustert, aid Aliaka siltv ca' 
(Typic Hi'drandcpt ), we't, used ill this stud\'. Their site' of LolhTtihimn Mid pro­
peries are described in fi earlier paper (1); hI tiwver, Some (if thell(rehvalt
Iiperties are includecd in Table I . Surface samnlis if these soills were collectedItI passed through an 8-msh sieve c, ctpt liht .\kaka \.hic.h was sc I' I 
tlin'iigh I 6 ilntesl sicvv liecait c i ft its high lmois u (Illt('lt.E'.ff'ct oJf tellerg'v S')lll (. ' 1'1 im mobdilization| filfiralizatifill (if N ill ite 
iforeientioneld sails was studied hv addinlg s1gar t Iagas' or sucrose 
(reagent gradi. l\ideientiy., bagasse is a shtwlyv-availablvt, (lnl ncrt,,e a rteadilv­
i'aiilIbletc ellerg', stlirc . Tht bagasse (obtailltd fr1omi tit" ();ili11Sugar to.
Mill, Island of Claill) ctntaintd 0.25", total N and 37.21"',, orgllic C (tll
it'l-dry weiglit hasisi Fifty g soil salhliles 'erve piaced in S00 il Iiihll-


Me VI flasks. (Groiund hIugasst 
 (20-nish) andt sticrosc, \i'(l ntdd, w le

addedl to give a I",,(Ihv weightlrat, .\millonimil sulfate was hildi 
 at a rate
 
of 200 ppm N. ,lcllt'st caiid alllonllill -';lfateadditlills were 
 atlh ill s;ilitionit
formI (5 fil per 50 g soil). Soil Ihttislir was adjusted to approxilate iliisttn't
tlivah.int iltthe soil. Where bagasse was added. ;ii ahlitional I fill water 
was added for each grain (if material. Tlie foihmowing set of experiments were 
perfiornied. 

IA I - 1 

I'nmpertie, of the e'xpvrilmmntal ,jil, 

Moisture 
Soil equivalent pl Total N* Orgalniv C* C: N 

%% % 

\Vahlatwa silty clay 30 4.9 0.174 1.44 8.2
Paaliit silty clay 30 3.7 0.252 3.26 12.9Kioko silt liy tnm 3.3 7.2 0.288 3.12 10.8 

lIualhit 1I.1% 4.3 7.6 0.099 1.06 10.7
Akika iy vtlaY 176 4.4 0.812 14.60 18.0 

* ,ahi- expre-.ied itn oven-dry w\eight basis. 

* lagasse is the remains oif the sugar i-;iie stalk af ter It is crushed for its juice. 
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I. 	 Native N transformatitin as influenced In, en(rgy sources. 
2. 	 Carbon mineralization as influenced by energy smrces ill the presetnce 

andiabsence of adetd N, and 
3. 	 Immobilization of added N as influenced by energy smurces. 
In all experiments., samplhs wervt incu:iedl ui ) ti 23 days and available N 

andi C were dteterlin( I at periodic intitrvals. The dtt rmti nationt f NH.,­
and N0 )3 - was done by the extraction-distillatio ltroccdtr of li r, i ner 5 

anti C(). bv the Inethodl (hscribetl in an carlivr Ialpr 1. 

RE'StLTS AND DISCUSSItIN 

Miieralizalionatal immobiili.itjn o( nalt've sod nitrogen 

The (lata on the effect of carl)on sources on natitve N tranisfo r­
mation are given in Table 2. \Without anv atded carbon, thire was 
mineralization of native N ill all soils, andI th(, mtagnittl(e illcreagl 
with tile length of inculation. But th. atlititn of carbon stl'cus 
decrease(d th. mineral N ill the stti]. Stctt st was Iitlttefftt'ti' than 
)agasse. tlh,latter rtnhidrttl gradual rtluctio in tiitteral N, andt it 

took about 14 days in the \Valiawa and 5 tt 8 days itt th iualahlehi 
to immobilize all illt intorganic N presvilt. In thit Paalta and Koko 
soils, the redlctioll was p ogrtssive htt c()Inittt, immobilization 
failed to occttr ve1n after the 23-day ittuiatitm 1period. Evteidntly, 
addition of bagasse did not make alt appreciable lifftretce in the 
Akaka soil. 

Sucrose catsed complete immobilization of mitral N ill the, Koko 
and Lualtialei soils in one da,. Ilow'r, minleralizationl of itmobiliz­

eud N commtnenced quite i.c.,early,at the 4-da" period, ill the Koko, 
and rather late, 23 days, itt the Liualualti. Mineral N was complettly 
immobilizetd in tle Waltiawa soil within ttwo day.. Likv hagasst, 

sucrose ditl not imrdbilize tht low initutral N in tlw Akaka soil. 
In general, less N was tied ttp by soils t reatetd with tle slowly­
available energy material, bagasse, than tit,ltalil' atvaihtltle solrce, 
sutcrose. 

The miuralization of nittive N is atlparv.ttl. related to total N 

and organic C contetts of the experimtental si tils (Tablh I). il'he Kloko 

and Paaloa soils, which contain relatively high total N atdI C, lttwet 
higher mineralization than theitiallialci altl Wahiawa soils, which 
contain low contents of these two elentllt .. ()il the other hanI, the 
Akaka with the highest total N content showetd lile least ininerali­
zation of organic N. It ishighly lrobable that N in this soil is titd It) 
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TABLE 2 

]lfillettlce of ciarlon sources oil the available Ititrogen status (ppi N) iniexpcrimaaenotal 

soils. 

Soil Carbon IDays of li uhation 
,soirce 

0 I 2 
-

4 8 14 23 
\Vahiaiwa Noate 38 39 35 45 49 18 49 

lga-;m. 
Sucrt,Ac 

-
-

42 
30 

.16 
0 

31 
0 

14 
1 

1 
0 

0 
0 

I'aaloa None 136 137 131 133 151 141 156 
Ilagasse 
Surose 

-
-

132 
126 

130 
97 

131 
79 

135 
42 

124 
23 

II R 
42 

Koko None 82 83 81 99 108 116 107 
laga,, - 72 70 75 55 2 17 
Sucrot. - 0 0 I 14 28 44 

il.uallalei None 

liagass.e 

Saaat.. 

34 

-
-

34 

30 
0 

33 
12 
0 

38 

6 
0 

40 

0 
0 

42 

0 
0 

48 

0 
6 

.kaka No.h-
liga.,' 

Sticro.., 

5 
-
-

5 
2 
2 

3 
2 
4 

2 
2 
I 

13 
2 
4 

4 
4 
4 

II 

9 
2 

ill a highly ri'sistallt arg/am-ionrgallic comllx.'. The rttarding ill­
fIlnece of allopllale in release of N from soil organic matter ill the
Iprestence of dcomposing residuies, as reported I \, j1roadl1 lit c al.7 , 

further sblst alit jate-s this liihavior of the Akaka soil. 'Ia imi ra ci al 12
have reportet as high as 23 per cent allopliant ill t he cla\, fraction of 
this soil. 

Al ineralizai'mi f/ carbon 
The data ill Table 3 indicate that liet CumuIlivte (O., poductionl

in all soils for tho 23-da\, period was highest in soil. I rratetl with
Sucrose, follwvd l)v thse w%'ithl bagasse, andal lIstlN" Iv th+s with nocarbon solir. (t:onr'rul). WVit hout all= atdhh,< carbonli s(1111r01 N adiionl 
ilhclaIsaawl ((O. pIllletioni oliv ill l, ;\kak .iiil. Willi tlr allitiol
of baga,w N allitionl risultilv ill a greater mtaalllalin of ('O. in the
Wahi;wii, l.ualhilai anal Akaka soils, brgiiling wit h lia cighth alav 
taf ilnclubaaion. With sllcros - adlaition, N illlullna' ill greater C0)2
piroductiin was e'ilenit wil the \ aVahiawa, Kakao, l.ilallialei and 
.kaka suils. This influence was linot evidelt at tlhu first day of ilncu­
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TABLE 3 

Cumulative carbon dioxide production (ing C/50 g ,oil)insoils receiving carbon sources 
with or without 200 ppm NII4 -N. 

Soil and Without NH4-N With NH4-N 
carbon 

Dayshomrce 

1 8 14 23 1 8 14 23 

Ivahlawa
 

None I 3 4 5 0 3 4 5 

tsaga'se 1 7 24 35 I 22 41 60 

Sucrose 2 102 126 141 4 135 146 153 

Paaloa 

None 0 2 3 5 I 3 5 7 
IBagasse 0 9 15 2. 1 10 17 28 

Sucrose 4 116 131 140 5 118 130 142 

h oko 

None 7 22 28 36 7 23 30 38 

Bagasse 7 60 79 102 7 63 87 107 
Sucrose 46 121 138 160 73 139 153 169 

Lualualei 

None 6 26 32 39 6 26 32 36 

Ilagasse 7 55 73 93 8 62 85 107 

Sucrose 31 126 142 157 66 160 173 183 

A kaka 

None 2 20 32 49 4 30 46 67 

Bagasse 3 28 44 64 4 34 54 8I 

Sucrose 39 98 118 141 38 11I 132 157 

bation for the \Vahiawa and Akaka soils (as coitrasted to the Koko 

and] Iualnalhi soils which showed iicrrased ('02 evolution at tie 

first (lay) )ut was evidtnt at tilt' ighti lay. (f atdddlut 'ticrose- C, 
65, 64, 59, 56, alntd 44 per Ctelntwithout N alnd 71, 64, 62, 70, and 

43 pt.r cent with N \t re mineralizced, re ptctiv\lv, for tlit Waluiawa, 
Paaloa, Ktkto, Lialitalti atnd Akaka s(,ilk. ()f adl(htl bagasse - C, 
16, 10, 35, 29 anl 8 per cnnt withnt N andI 30, 11, 37, 38 and 8 per 

cent with N for tilt.wIre Inlinltralizt'l, resloctiv lv, saitle five soils. 

\Whatever stimuilationi illC), evmlmliut Illipi tilc adlition of N is 

undoubtedlv tine to the availability mofinmmeinntrints to micro­

organisms. Similar results \\'rre r1)ptrttl \ .kllis()Il an Cover 

for Wood aml straw with the additionl of aiiiinoilnii nitrate. 
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Imnobilizationo/ added nitrogen 

Immobilization of added N at all periods and in all soils was 
greatest with sucrose, followed by i)agasse and control in a decreas­
ing order (Table 4). This is due to the fact that the energy is quickly 
available in sucrose and slowly in bagasse. It appears that in the 
presence of an energy source tihe influence of nitrogen on CO2 pro­
ductioii is relatively little (as shown by the data in Table 3) as 
compared to tile big influence on N immobilization (Table 4). It call 
therefore be concluded that microorganisms use much N if available 
but arc not very sensitive to N deficiency. \Without an energy source, 
the immobilization of added N seems to be related to the C:N ratio 
of the soils. Maximum N was immobilized in tile Alkaka and least ill 
the \Vahiawa; CN ratio is widest in the former and narrowest in 
the latter (Table 1). The Paaloa and \Vaiiawa soils appeared to be 
the lowest and slowest imlobilizers, eSpeciall in the abscnce of 
sucrose. It should be notedI that the C(., i)roduction (Tablel 3) in the 
laaloa soil was also low, although organic C and the (:N ratio of 
this soil are high. Low biological activity because of extrenie acidity 
and nutrient deficiencies may account for tile low C()., pro luction 

TABL. 4 

Ihfluence of carbon source, on the immobilization (,) of 200 ppm N114 N in the soils. 

Carbon Days
 

Soil souirce .. . .. .
 
1 2 4 8 14 23 

\Vahiawa 	 None 6 3 8 10 9 6 
Bagasse 7 6 14 28 38 51 
Sucrose 31 74 86 95 99 93 

Pail,,a 	 Nene 5 3 6 6 5 14 
Bagasse 10 3 8 18 16 31 

Sucrose 17 12 51 59 66 63 

Kok., 	 None 15 12 17 26 31 24 
Bagaswe 19 16 34 51 65 74 
Sucrose 100 100 100 too 100 100 

Lualualel 	 None 14 II 16 19 23 26 
Bagase 18 18 38 49 66 68 
Sucrose 100 100 100 100 100 100 

Akaka 	 None 36 38 39 49 43 56 
llaasse 40 39 40 45 50 66 
Sucrose 64 78 84 91 98 100 
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and N immobilization in this soil. Unlike the other three soils, the 
Lualualei and Koko soils tied u1) all the adled N in one day, and 
kept it immol)ilize(I (uring the rest of the incubation period. Simi­
lar results were ol)taine(d with l liimmolilization of native N discuss-
e(I previously. 

Relationship between citmnu/alive C02 prodtc/ie and added N intmo­
bilizecd in he presence o/sucrose 

In Figures I and 2 are given the cumulative CO2 production, with 
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'd11(Iwithoit thIe addition of sucrose, and concurrtet addition of N. 
Together with C0()2 pIroluction, corresponding immobilized N values 
uiter similar conlitions are )lotted. Int the Wahiawa soil (Fig. I) 
nitrngen immobilization l)rec(led CO. prodhuction ill both sucrose­
titel. *uldanIt suicrose saml)es. This trend ls also founl for the 
Koko, lialhialhi arI1 Ak tka soils (n)o figrires arc pire .nte(d for these 
latter thre., soils because of this similar pattern). Ill.;,ll of these four 
soils tl(.ie \\;is a rapid ti-lip of ad(ld N initially in sucrose-treated 
samlh's. This was accomlpaniied I)y a high rate of Co., productior 
ill these saml es. ]tvi(leitly the organisms involved in N immobili­



C SO)UICE EFFECTS ON SOIL N TRIANSFORMATION 537 

Zation were 'very active in these soils. Ii the Paaloa soil (Fig. 2), 
hlowever, the trend was not the same. C02 production pr~ced(e N 

iniflobilization in the sucrose-treated samples while N inimolbiliza­
tion precededI CO-- production in the no sucrose samples. As earlier 
pointt( oIut, tile Paaloa soil is low in biological activity because of
 
cxtreile aciditv and nltrient deficiency and this is )elicve(v to ac­
count for low N inmobilization, even inthe presuc' of an added
 
enrigy sourcc.
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