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needle 9, 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 on added
N immobilization in some Hawaiian soils. The production of COg as
influenced by these energy sources was also determined.

MATERIALS AND METHODS

Five Hawaiian soils, Wahiawa silty clay (Tropeptic Euthrorthox), aa-
loa silty clay (Humoxic Tropohumult), Koko silty clay loam (Ustollic
Eutrandept), Lualualei clay (Typic Chromusterty, and Akaka silty clay
(Typic Hydrandept), were used in this study. Their site of collection and pro-
perties are deseribed in an earlier paper (11); however, some of the relevant
properties arc included in Table 1. Surface samples of these soils were collected
and passed through an 8-mesh sieve, except the Akaka which was sereened
through a 6 mesh sicve because of its high moisture content.

Effect of energy sources on immobilization mineralization of N in the
aforementioned soils was studied by adding sugar cane bagasse or sucrose
(reagent grade). Evidently, bagasse is a slowlv-available and sucrose o readily-
available energy source. The bagasse (obtamed from the Oahn Sugar Co.,
Mill, Iskand of Oalin) contained 0.25°, total N and 37.21¢, arganic ¢ (on
oven-dry weight basisi Fifty g soil samples were placed in 500 ml lrlen-
mever flasks, Ground bagasse (20-mesh) and sucrose, where needed, were
added to give a 10, (by weight) rate. Ammonium sulfate was added atarate
0f 200 ppm N. Sucrose and anmmoninm sulfate additions were mide in solution
form (5 ml per 50 g soil). Soil moisture was adjusted to approximate moisture
equivalent of the soil. Where bagasse was added, an additional | ml water
was added for each gram of material. The following set of experiments were
performed,

TABLLE |

Praperties of the experimental soils

Moisture
Soil equivalent pH Total N* Organic C* C:N
% % Yo
Wahlawa silty clay 30 4.9 0.174 1.44 8.2
Paaloasilty clay 30 3.7 0.252 3.26 12,9
Kokosilty elay loam 33 7.2 0.288 312 10.8
Lualualei clay 43 7.6 0.099 1.06 10.7
Akaka silty elay 176 4.4 0.812 14.60 18.0

* Vilues expressed on oven-dry weight basis.

* Bagasse is the remains of the sugar cane stalk after it is crushed for its julce,
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1. Native N transformation as influenced by energy sources.

2. Carbon minceralization as influenced by energy sources in the presence

and absence of added N, and

3. Immobilization of added N as influenced by energy sources.

In all experiments, samples were incubated up to 23 days and available N
and C were determined at periodic intervals. The determination of NHy -
and NOg-N was done by the extraction-distillation procedure of Bremner @
and €Oz by the method deseribed in an carlier paper 1

RESULTS AND DISCUSSION

Mineralizalion arid immobilizalion of nalive soil nitrogen

The data on the effect of carbon sources on native N transfor-
mation are given in Table 2. Without any added carbon, there was
mincralization of native N in all soils, and the magnitude increased
with the length of incubation. But the addition of carbon sources
decreased the mineral N in the soils. Sucrose wasmore effeetive than
bagasse, The latter rendered gradual reduction in mineral N, and it
took about 14 dayvs in the Wahiawa and 5 to 8 davs in the Lualualei
to immobilize all che inorganic N present, In the Paaloa and Koko
soils, the reduction was progressive but complete immobilization
failed to occur even after the 23-day incubation period. Evidently,
addition of bagasse did not make an appreciable difference in the
Akaka soil.

Sucrose caused complete immobilization of mineral Nin the Koko
and Lualualeisoilsin one day. However, mineralization of imniobiliz-
ed N commenced quite early, 1., at the 4-dayv period, in the Koko,
and rather late, 23 days, in the Lualualei. Mineral N was completely
immobilized in the Wahiawa soil within two dayvs. Like bagasse,
sucrose did not immobilize the low mineral N in the Akaka soil.
In general, less N was tied up by soils treated with the slowly-
available energy material, bagasse, than the readily available source,
sucrose.

The mineralization of native N is apparently related to total N
and organic C contents of the experimental soils (Table 1), The Koko
and Paaloa soils, which contain relatively high total N and C, showed
higher mineralization than the Lualualei and Wahiawa svils, which
contain low contents of these two clements, On the other hand, the
Akaka with the highest total N content showed the least minerali-
zation of organic N. Itishighly probable that N in this soil is ticd up
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TABLE 2

Influence of carbon sources on the available nitrogen status (ppm N) in experimental

soils,
Soil Carbon Days of incubation

source e EER e

0 1 2 4 8 14 23

Wahiawa None 38 39 a5 45 49 18 49
Bagasse - 42 J6 k1 14 ! 0

Sucrose - 30 0 0 1 0 0

I'aaloa None 136 137 131 133 151 141 156
Bagasse — 132 130 131 135 124 118

Suerose - 126 97 79 42 23 42

Koko Nane 82 83 81 99 108 (R{} 107
Bagasse -~ 72 70 75 55 32 17

Sucrose - 0 0 1 14 28 44

Lualualei Nane 34 34 33 J8 40 42 48
Bagasse — 30 12 [ 0 0 0

Sucrose -— 0 0 0 0 0 6

Akaka None 5 5 3 2 13 4 t
Bagasse — 2 2 2 2 4 9

Sucrose - 2 4 1 4 4 2

in a highlyv resistant organo-inorganic complex. The retarding in-
fluence of allophane in release of N from soil organic matter in the
presence of decomposing residues, as reported by Broadbent efal.?,
further substantiates this behavior of the Akaka soil. Tamuraefal 12
have reported as high as 23 per cent allophane in the clay fraction of
this soil,

Mineralization of carbon

The data in Table 3 indicate that the cumulative CO2 production
in all soils for the 23-day period was highest in soils treated with
sucrose, followed by those with bagasse, anl lastly by those with no
carbon source (control). Without an added carbon source, N addition
increased COa production only in the Akaka <oil. With the addition
of bagasse, N addition resnlted in agreater production of COy in the
Wahiawa, Lualualei and Akaka soils, beginning with the cighth day
of incubation, With sucrose addition, N influcnce on greater COq
production was evident with the Wahiawa, Koko, Lualuale and
Akaka soils, This influence was not evident at the first day of incu-
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TABLE 3

Cumulative carbon dioxide production (mg C/50 g soil) in soils receiving carbon sources
with or without 200 ppm NH4-N.

Soil and Without NH4-N With NH¢-N
carbon — e e s — -
solirce Days

! 8 14 23 1 8 14 23
Waliawa -
None 1 3 4 5 0o 3 4 5
Bagasse 1 7 24 35 ! 22 41 60
Sucrose 2 102 126 141 4 135 146 153
Puuloa
Nane 0 2 3 5 1 3 5 7
Bagasse 0 9 15 22 1 10 17 28
Sucrose 4 116 131 140 5 118 130 142
Koko
Nune 7 22 28 36 7 23 30 38
Bagasse 7 60 79 102 7 63 87 107
Sucrose 46 121 138 160 73 139 183 169
Lualualei
None 6 26 32 39 6 26 32 36
Bagasse 7 55 73 93 8 62 85 107
Sucrose 31 126 142 157 66 160 173 183
Akaka
None 2 20 32 49 4 30 46 67
Bagasse 3 28 44 64 4 34 54 8l
Sucrose 39 98 118 141 38 11 132 157

bation for the Wahiawa and Akaka soils (as contrasted to the Koko
and Lualualei soils which showed increased COs evolution at the
first day) but was cevident at the cighth day. Of added sucrose - C,
65, 64, 59, 56, and 44 per cent without N and 71, 64, 62, 70, and
43 per cent with N wore mineralized, respectively, for the Wahiawa,
Paaloa, Koko, Lualualei and Akaka soils. Of added bagasse - C,
16, 10, 35, 29 and 8 per cent without N and 30, 11, 37, 38 and 8 per
cent with N were mineralized, vespectively, for the same five soils,
Whatever stimulation in CO» evolution upon the addition of N is
undoubtedly due to the availability of more nutrients to micro-
organisms, Similar results were reported by Alison and Cover ®
for wood and straw with the addition of ammonium nitrate,
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Tmmobilization of added nitrogen

Immobilization of added N at all periods and in all soils was
greatest with sucrose, followed by bagasse 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 the influence of nitrogen on COz pro-
duction is relatively little (as shown by the data in Table 3) as
compared to the big influence on N immobilization (Table 4). It can
therefore be concluded that microorganisms use much N if available
but are not very sensitive to N deficiency., Without an energy souree,
the immobilization of added N seems to be related to the C:N ratio
of the soils, Maximum N was immobilized in the Akaka and least in
the Wahiawa; C:N ratio is widest in the former and narrowest in
the Iatter (Table I). The Paaloa and Wahiawa soils appeared to be
the lowest and slowest immobilizers, especially in the absence of
sucrose. It should be noted that the COy production (Table 3) in the
Paaloa soil was also low, although organic € and the C:N ratio of
this soil are high, Low biological activity because of extreme acidity
and nutrient deficiencies may account for the low COa production

TABLE 4

Influence of carbon sources on the immobilization (¢,) of 200 ppm NHy- N in the soils.

Carbon Days
Soil source et . —
1 2 4 8 14 23
Wahiawa None 6 3 7 87 10 9 6
Bagasse 7 6 14 28 38 51
Sucrose 31 74 86 95 99 93
Pauloa 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
Bagasse 19 16 34 51 65 74
Sucrose 100 100 100 100 100 100
Lualualei None 14 11 16 19 23 26
Bagasse 18 18 38 49 66 68
Sucruse 100 100 100 100 100 100
Akaka None 36 38 39 49 43 56
Bavasse 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 up all the added N in one day, and
kept it immobilized during the rest of the incubation period. Simi-
lar results were obtained with theimmobilization of native N discuss-
ed previously.

Relationship between cumulative COq production and added N immo-
bilized in the presence of sucrose
In Figures 1 and 2 are given the cumulative CO2 production, with
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Fig. 1. The immobilization of nitrogen and the cumulative Oy production
in Wahiawa soil receiving sucrose and NHy- N,
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Fik 2. The immobilization of nitrogen and the cumulative COy production
in Paaloa soil receiving sucrose and NH; N,

and without the addition of sucrose, and concurrent addition of N,
Together with COy production, corresponding immobilized N values
under similar conditions are plotted. In the Wahiawa soil (IFig. 1)
nitrogen immobilization preceded COs production in both sucrose-
treated and no sucrose samples. This trend was also found for the
Koko, Lualualei and Akaka soils (no figures are presented for these
latter three soils because of this similar pattern). In all of these four
soils there was a rapid tic-up of added N initially in sucrose-treated
sumples. This was accompanicd by a high rate of CO. production
in these samples, Evidently the organisins involved in N immobili-

7 1as C-0C NOC DUP NPy
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zation were very active in these soils. In the Paaloa soil (Fig. 2),
however, the trend was not the same, COa production preceded N
immobilization in the sucrose-treated samples while N immobiliza-
tion preceded COg production in the no sucrose samples. As carlier
pointed out, the Paaloa soil is low in biological activity because of
extreme acidity and nutrient deficiency and this is believed to ac-
count for low N immobilization, even in the presence of an added
energy source.
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