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Changes of Some Organic Acids in the Hydrolysates of
Decomposing Litters of Wild Grasses and Tree Leaves
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SUMMARY

Changes in the concentrations of six low-molecular-weight organic acids extracted from hydrolysates of plant
residues undergoing decomposition for 90 days under the laboratory condition were investigated.

1. Litters of deciduous and coniferous trees and wild grass cuttings were sampled for the study and concentra-
tions of formic, acetic, succinic, tartaric. malic and citric acids were determined. The concentration of malic
acid were negligible.

2. In the wild grass cuttings, the total concentration of low-molecular-weight organic acids decreased with
the passage of decomposition. Monocarboxylic acids, i. e., formic and acetic acids, predominated over dicarboxylic
and tricarboxylic acids. Formic and acetic acids appeared to be compensatory for each other. Concentration
of citric acid increased at a remarkable rate.

3. The total concentration of organic acids in the hydrolysates of deciduous litter was shown to increase.
The concentration of monocarboxylic acids was significantly higher in the end of the period of decomposition.
Here again a compensatory relationship was observed between concentrations of formic and acetic acids.

4. There was comparatively little change exhibited during the period of experiment concerning the concentra-
tions of organic acids from hydrolysates of decomposing coniferous litter. In contrast with the others, however,
the concentration of succinic acid, a dicarboxylic acid, maintained the highest level.

INTRODUCTION cur"* 2B - ong-chain aliphatic acids have been

known to persist for a considerable period of time

Aqueous extracts of forest litters were observed
always to contain some low-molecular-weight orga-
nic acids"™'". The organic acids were believed to
be present in association with humic and fulvic
acids. They may be either physically adsorbed or
chemically bonded’. In most mineral soils low-
molecular-weight acids, such as formic, acetic, oxa-

lic, and butyric acids, have been identified to oc-

mainly due to their low solubility and adsorption
on clay and humus particles, whereas water-solu-
ble low-molecular-weight organics are likely to
have a transitory existence and their relative pro-
portion in soil solutions may be at the highest
when plant residues are put under active micro-
bial decomposition™ ">

Chelation by organic acids has been known as a
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primarily responsible factor for the solubilization
of mineral elements in soils. The decomposition of
insoluble phosphates and silicate minerals results
in the formation of soluble forms of phosphorus,
potassium, calcium, magnesium, and various other
trace elements through the action of organic acids
SILE Weathering of rocks has been known to be
accelerated in the presence of organic acids, and
the contribution of which to the mobilization and
transport of plant mineral nutrients has drawn a
great attention. Evidences have been accumulated
to prove their effect on the growth of higher

4,5,7,12,15, 17, 18, 19)

plant . Both favorable and unfavorable

influences were observed from the increased bioa-
vailability of mineral elements" ™"

Considerable variations and erratic fluctuations
in the level of low-molecular-weight organic acids
are anticipated when plant residues are subjected
to microbial attack, which reflect a balance bet-
ween synthesis and decomposition”’. The dynamic
status of soil environment should no doubt be

greatly influenced in accordance with them.

MATERIALS AND METHODS

1. Plant Materials

Litters of deciduous and coniferous forest trees

and wild grass cuttings were collected separately
in the fall. They were air-dried, powdered, and
then allowed to decompose in an incubator at 30

+1C for 0, 45, and 90days, respectively.

2. Method of Analysis

Samples taken at different periods of decompo-
sition were hydrolyzed and contents of organic
acids were determined following the method used
by Oades et al'’. An HPLC(Wates Model 201)
instrument was employed for the analysis of 6
low-molecular-weight organic acids . formic, acetic,

succinic, malic, tartatric, and citric acids.
RESULTS AND DISCUSSION

The total molar concentration of low-molecular-
weight organic acids increased with the progres-
sion of decomposition in the case of wild grass
cutting. This trend appeared to be reversed in
deciduous litter, while there was no significant
change observed in coniferous litter(Table 1). It
must be noted that the total concentration of or-
ganic acids from wild grass cutting enormously
exceeded those from deciduous and coniferous lit-
ters. In the end of 90days of decomposition, the

hydrolysates of decomposed wild grass cutting co-

Table 1. Content of organic acids in the hydrolysates of decomposing plant residues

Period

Organic acids(umol/g dry matterx 10?)

Plant materials

(d) Formic Acetic Succinic Malic Tartaric Citric Total
Wild grass cutting 0 28838.2 6857.0 380.9 tr 136.1 18.7 36230.8
45 102.0 15639.6 72.1 tr 6.1 390.2 16209.9
90 49.5 10390.3 103.3 tr 28.1 520.3 11091.5
Deciduous litter © 0 11704 339.8 508.3 tr 24.1 40.2 2083.3
45 1212.0 3214 632.8 tr 325 484 2247.0
90 992.6 3033.5 420.8 tr 25.8 43.6 4516.1
Coniferous litter 0 280.6 3294 918.7 tr 252 24.3 1578.1
45 226.9 299.7 828.0 tr 4.8 119.2 1478.6
90 279.5 341.1 948.3 tr 119 54 1586.1

tr— trace
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ntained a total of 110.9umol of organic acids per
1 gram of dry matter, almost 2 times that of de-
ciduous, and 6 times that of coniferous litters, re-
spectively, far exceeding those reported for hydro-
lysates of grain residues’.

The change in the molarity of individual organic
acid was in general rather erratic and there was
not any consistent fluctuation observed during the
given period of decomposition. Only a trace of
malic acid was detected in all samples

The relative molar concentration of acetic acid
increased significantly in decomposing wild grass
cutting becoming predominant gradually. At the
same time the relative molar proportion of formic
acid reduced at a drastic rate. It seemed that
there was a compensatory relationship existed be-
tween formic and acetic acids. Increase of citric
acid, a tricarboxylic acid, was remarkable.

There was a steady increase and decrease in
molar concentration of acetic and formic acids, re-
spectively in deciduous litter.

Coniferous litter appeared to experience a little
change in regard to the concentration of low-mo-
lecular-weight organic acids. It may be most likely
that coniferous litter is more resistent to microbial
degradation than the other plant residues.

In general, the concentration of low-molecular-
weight organic acids was the greatest in the hyd-
rolysates of wild grass cutting and the lowest in
those of coniferous litter as well recognized"’
The level of the concentration of succinic acid in
coniferous litter remained very high. Monocarbox-
ylic acids(formic plus acetic) constituted the grea-
test portion of all organic acids in wild grass cut-
ting, which also holds on in deciduous litter. In
coniferous litter, the highest level of concentration
belongs to succinic acid, a tricaboxlyic(Fig. 1).

[solated  water-soluble low-molecular-weight orga-
nic acids would be expected to have a short tra-
nsitory  existence in - soil'”, but they might be

quite persistent when they occur in close associa-
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Fig. 1. Changes of relative molarities of organic acids in the hydro-
lysates of decomposing wild grass, deciduous, and conife-

rous litter, respectively.

tion with humic and fulvic acid, exerting their in-
fluence on the weathering of rocks, solubilization
and mobilization of minerals mainly through che-

lation.
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