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Abstract

Microbial activities, numbers, and biomass are key parameters that can be used to elucidate the dynamics of the composting
process. In the present study, four different biochemical parameters (dehydrogenase activity, ATP content, arginine ammonifica-
tion, and nitrification potential) were measured (1) to monitor the dynamics of yard trimmings composting; and (2) to relate these
parameters to changes in microbial numbers, physico-chemical properties, and maturity (stability) of yard trimmings compost.
The initial yard trimmings was a mixture of leaves, grass clippings, and shredded bark (1:1:1 v/v). Three windrows, each having
a dimension of 1.5 m (height) x 4 m (length) x 0.6 m in (width) were established. The temperature profile showed a rapid
self-heating of the compost mass from ambient temperature of 20 to 70 °C in the first 24 h of composting. This thermophilic
temperature was sustained until day 14 and then dropped to ambient level towards the end of composting (day 63). The
maturation of yard trimmings compost was accompanied by a decline in pile temperature to ambient level, increases in bulk
density, (NO3 + NO;3 )—N, population sizes of actinomycetes and fungi, drop in C:N ratio to 20:1, and decreases and stabilisation
of biochemical properties (dehydrogenase activity, ATP content, and nitrification potential) to low levels. Dehydrogenase activity,
ATP content, and nitrification potential depended on the changes in C and N content during composting. These parameters were
correlated with the populations of either total aerobic heterotrophs or actinomycetes, indicating the usefulness of these parameters
as indicators of microbial activity and dynamics of the composting process. Arginine ammonification was dependent on the
change of neither C nor N. It also did not correlate with microbial numbers, suggesting that this parameter may not be suitable
for evaluating microbial activity and dynamics of yard trimmings composting. © 2002 Elsevier Science Ltd. All rights reserved.
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tion through a variety of biological and biochemical
transformation. The microorganisms decompose the

As a biological process, composting involves a myr- starting material progressively, breaking it down from
iad of microorganisms [1—3]. During composting, mi- complex to intermediate and then to simple compounds
croorganisms convert organic matter into heat, CO,, [2]. The process also involves dynamic changes in tem-
H,O, partial degradation products and new cell mate- perature, oxygen status, and nutrient availability, as

rial [4]. The starting material is modified by decomposi- well as spatial gradients of oxygen, moisture, and tem-

perature [5]. These factors would be expected to

I strongly affect microbial activities and diversity in the
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another composting variable that affects microbial ac-
tivities, as it provides a medium of transport of dis-
solved nutrients required for the metabolic and
physiological activities of microorganisms. Very low
(<30%) or high moisture contents (> 75%) inhibit
microbial activities due to early dehydration or anaero-
biosis [9,10].

Studies on composting have been focused on
physico-chemical parameters in an effort to find simple
and reliable indicators of maturity and to improve the
efficiency of the composting process. Very little is
known about the microbiota, which determine the rate
of composting, affect the quality of the product, and
produce most of the physical and chemical changes in
the compost [2]. Microbial activities, numbers, and
biomass are key parameters that can be used to eluci-
date the dynamics of the composting process. lannotti
et al. [11] and Tiquia et al. [10] proposed that the
maturity of the compost may be assessed by the micro-
biological activity of the product, including total mi-
croorganism count, respirometric study, monitoring
biochemical parameters of microbial activities and anal-
ysis of biodegradable constituents.

In this paper, the dynamics of yard trimmings com-
posting was evaluated using four different biochemical
parameters: dehydrogenase activity; adenosine triphos-
phate (ATP) content; arginine ammonification; and ni-
trification potential. These biochemical parameters have
been used as indices of microbial activities in soils
[12—16]. The changes of these parameters during yard
trimmings composting and their associations with mi-
crobial population numbers, and other important com-
posting parameters (i.e. temperature, C and N) are not
well understood. Therefore, this study was conducted
to (1) monitor the changes in dehydrogenase activity,
ATP content, arginine ammonification, and nitrification
potential during composting, and to (2) relate these
changes with microbial numbers, physico-chemical
properties and maturity (stability) of yard trimmings
compost.

2. Materials and methods
2.1. Composting set-up and sampling

Yard trimmings were composted in piles at the
Kadoorie Botanic Farm, New Territories of Hong
Kong. Raw materials contained leaves, grass clippings,
and shredded bark (1:1:1 v/v). This mixture was
blended on a concrete compost pad and processed
through a chipper shredder before piling. The physico-
chemical properties of the initial yard trimmings are
reported in Table 1. The compost mix was then piled
up in triplicate using a tractor loader. Each pile had a
dimension of 1.5 m (height) x 4 m (length) x 0.6 m

(width). The piles were covered with a black perforated
plastic sheet to avoid heat and water loss. The piles
were turned on days 21 and 35 using a tractor loader.
Air and compost temperature were monitored daily
using a temperature probe. The average windrow tem-
perature from each pile was determined by taking at
three measurements at the left, middle, and right side of
the piles at 0.75 m depth. Water was added during the
experiment to maintain a moisture content level of
60%.

2.2. Physico-chemical properties

Yard trimmings samples were characterised for the
following parameters: water content (105 °C for 24 h);
bulk density [17]; pH (1:10 w/v 1: water extract) using a
pH electrode; electrical conductivity (EC; 1:5 w/v sam-
ple: water extract) using an EC probe; organic C (loss
on ignition; 550 °C for 5 h); and different forms of N
[18].

2.3. Enumeration of total aerobic heterotrophs,
actinomycetes, and fungi

Quantitative estimation of the populations of three
different microbial groups (total aerobic heterotrophs,
actinomycetes, and fungi) in yard trimmings compost
was determined by direct plating on appropriate culture
media [19-21]. The serially diluted compost suspension
was inoculated on the agar using a plate frequency
technique [22]. Each agar plate was divided into eight
sections and about 0.1 ml of the compost suspension
was dropped on each of the sections. After incubation,
any visible growth observed in any of the eight sections
was scored positive. The total number of positive
growths was counted and the population of microbial
organisms in the sample was estimated using the most
probable number (MPN) method [23].

2.4. Dehydrogenase activity, ATP content, arginine
ammonification, and nitrification potential

The dehydrogenase activity in yard trimmings com-
post was analysed using a colorimetric method [16]. An
ATP kit (Analytical Luminescence Laboratory, Balti-
more, MA) and a luminometer (Monolight 1500, Ana-
lytical Luminescence Laboratory) were used to
determine the microbial ATP of yard trimmings com-
post. Arginine ammonification and nitrification poten-
tial were quantified using the method suggested by
Kandeler [13,14].

2.5. Statistical analyses

The mean and standard deviation (S.D.) of three
replicates were reported for all parameters measured.
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Correlation coefficient analysis [24] between biochemi-
cal parameters (dehydrogenase activity, ATP content,
arginine animonification, and nitrification potential),
and physico-chemical and microbial population num-
bers were computed. A polynomial regression analysis
[24] was performed to examine the relationship between
biochemical parameters, and organic C and total N.
Statistical analyses were computed using SYSTAT ver-
sion 9.0.

3. Results and discussion

3.1. Temperature profile and population of different
microbial groups

The temperature profile showed a rapid self-heating
of the compost mass from ambient temperature of 20 to

Table 2

70 °C in the first 24 h of composting. This thermophilic
temperature was maintained until day 14. After day 14,
the temperature dropped dramatically and started to
level-off to about 30-35 °C by day 37.

The changes in population sizes of different micro-
bial groups (total aerobic heterotrophs, actinomycetes,
and fungi) are reported in Table 2. The initial Log,
MPN per g for total aerobic heterotrophs, actino-
mycetes, and fungi were 9.40, 8.78, and 7.27, respec-
tively. These numbers decreased dramatically at day 7
when pile temperatures started peaking at 70 °C, but
then increased when pile temperatures started to decline
(Table 2 and Fig. 1). Fungi were more sensitive to
temperature in this study. Most fungi were eliminated
at temperatures above 50 °C and were recovered later
when windrow temperatures were moderate (45 °C).
De Bertoldi et al. [9] reported that fungi normally
increase when the remaining substrate in the compost

Log,, numbers of total aerobic heterotrophs, actinomycetes and fungi during composting of yard trimmings

Composting time (days) Heterotrophs (Log,;, MPN per g)

Actinomycetes (Log,, MPN per g)

Fungi (Log,, MPN per g)

0 9.40 +0.20
7 6.99 +0.16
14 7.31 £0.17
21 7.55+0.24
35 8.12 +0.15
49 -
63 7.194+0.21

8.78 +0.08
4.99 +0.31
6.28 +£0.12
6.12 +0.35
7.16 +£0.23

7.72+£0.11

7.27+0.16
3.09 £0.03
329 +0.44
6.55+0.24
7.33+0.25

7.17 £ 0.03

Mean and S.D. of three replicates are shown. Data are based on 105 °C dry weight.
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Fig. 1. Air and compost temperatures during composting of yard trimmings.
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Table 3

Dehydrogenase activity, ATP content, arginine ammonification and nitrification potential during composting of yard trimmings

Composting Dehydrogenase (ug TPF  ATP content

Arginine ammonification (pg

Nitrification potential (ug NO; -N

time (days) g !24h Y (umol g=1) NH;-N g=! h—}) g '5hY

0 1331 +53.02 0.15+0.02 0.00 + 0.00 7.99 +1.39

7 1189 + 68.88 0.47 +0.02 1.16 +0.76 6.33 +3.01
14 908 +44.37 0.42 +0.01 0.15+0.14 5.08 +£0.04
21 716 +28.31 0.40 +0.01 9.82 +3.77 3.54+1.77
35 745 4+ 80.38 0.33+0.03 3.74+1.70 328 +1.61
49 714 +25.60 0.17 +£0.02 0.20 +0.24 1.11 +£0.78
63 717 +43.90 0.17 +0.02 0.05+0.08 1.66 +0.63

Mean and S.D. of three replicates are shown. Data are based on 105 °C dry weight.

Table 4

Correlation coefficients between biochemical properties and physico-chemical and microbial properties of yard trimmings

Composting parameters Dehydrogenase activity

ATP content

Arginine ammonification Nitrification potential

Temperature 0.26™ 0.72%%*
Bulk density —0.70** —0.80%**
pH 0.79%** 0.38™
EC 0.85%** 0.63*
Total N —0.79%** —0.55%
Organic N —0.86%** —0.50*
NH;/-N 0.92%** 0.45*%
NOy-N —0.89%** —0.70%**
Organic C 0.74%** 0.75%%*
C:N ratio 0.37"s 0.44*
Heterotrophs 0.44* 0.03"
Actinomycetes 0.13m —0.64%%*s
Fungi 0.29"s —0.43"

—0.001" 0.2278
0.04"s —0.53*
—0.13 0.69%**
—0.45* 0.75%**

0.05" —0.82%**
0.15" —0.83%**
—0.22™ 0.74%**
—0.037 —0.65**
0.21 0.69%**
—0.002" 0.55%*
—0.10™ 0.45%
—0.27™ 0.19"
0.36" 0.09"

Correlations were based on 21 raw data from three piles with the exception of EC and microbial parameters (total aerobic heterotrophs,
actinomycetes and fungi) where 12 and 18 observations were taken, respectively. *, **, and ***, indicate significant correlations at 0.05, 0.01, and
0.001 probability levels, respectively; ns, not significant; EC, electrical conductivity; heterotrophs, total aerobic heterotrophs.

are predominantly cellulose and lignin, which normally
occurs towards the later stages of composting (curing
process). The exact role of fungi during composting is
not clear although some of these might be involved in
the decomposition of cellulose and lignocellulosic com-
pounds of the compost, and thereby provide more
readily available C to the bacteria [4]. Like fungi,
actinomycetes also utilise complex organic material.
They tend to grow in numbers in the later stages of
composting, and have been shown to attack polymers
such as hemicellulose, lignin, and cellulose [9]. The
numbers of these three microbial groups were positively
correlated with a number of important enzymes includ-
ing B-glucosidase, B-galactosidase, and a-galactosidase
during co-composting of poultry litter and yard trim-
mings [25].

3.2. Dehydrogenase activity
Dehydrogenase activity has been used as a measure

of overall heterotrophic microbial inhabitants in soils
and composts [10,26,27]. In the present study, the dehy-

drogenase activity was highest (1331 pg TPF g~ ! 24
h~!) at the beginning of composting period (Table 2).
The activity decreased as composting proceeded and
began to level-off from day 49 onwards. El-Shinnawi et
al. [28] also reported a decrease in dehydrogenase activ-
ity during anaerobic digestion of cattle manure. In their
study, the immature cattle manure harboured high
numbers of active bacteria and as the digestion pro-
ceeded, the bacterial numbers decreased. They also
observed a decrease in some compounds, especially
those preferred by much of the heterotrophic popula-
tion. The initial yard trimmings had the highest number
of total heterotrophs at the beginning of composting
and its population decreased with composting time
(Table 2). This trend paralleled changes in dehydroge-
nase activity (Tables 2—4).

3.3. ATP content
ATP content has been considered as a microbial

biomass indicator in soil [29]. It has also been used as
an indicator of microbial activity and degree of degra-
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dation of spent pig litter compost [10]. The ATP
content in the piles rose rapidly from 0.15 to 0.47 pmol
g~ ! in the first week of composting (Table 2). As the
temperature started to decline, the ATP content
dropped continuously to 0.17 umol g ' by day 49 and
maintained at this low level until day 63. The decrease
in ATP content in this composting process could be
attributed to lowering of microbial activity, since ATP
is related to intact microbial cells [30]. ATP
stabilisation at day 49 onwards may indicate maturity
of yard trimmings when most bacteria have been
replaced by specialised groups of microorganisms such
as actinomycetes and fungi, which are characterised by
slower metabolism and hence slower ATP production.
Similar observations were found by Garcia et al. [31] on
composting of organic wastes. The ATP content of
yard trimmings was positively correlated with
temperature and was negatively correlated with
actinomycete numbers in this study (Table 4),
suggesting that this parameter can be used as an
indicator of microbial activity during composting of
yard trimmings.

3.4. Arginine ammonification

Ammonification of arginine is a common process in
microorganisms [32]. Arginine mineralised to ammo-
nium during decomposition can be readily extracted
from soil or composts and measured [33]. Alef and
Kleiner [34] suggested that arginine ammonification
was proportional to the soil microbial biomass and may
be used as an indicator of microbial activity of yard
trimmings compost. Ammonium—N mineralised from
arginine increased from non-detectable levels to 1.16 pg
NH;-N g=! h—! by day 7 (Table 3). Maximum
ammonium—N production was observed (9.82 ug NH;
—~N g~ ' h~') at day 21 when pile temperatures started
to decline (Fig. 1). Ammonium—N production began to
decline after day 21 and reached a low value of 0.05 pg
NH; —N g~ ! h~! at the end of composting (Table 2).
Alef and Kleiner [32] reported that most heterotrophic
bacteria are able to ammonify arginine. Interestingly,
arginine ammonification did not show any correlation
with total aerobic heterotroph counts (Table 4), and
may not be used as a reliable indicator of microbial
activities in yard trimmings composting.

3.5. Nitrification potential

Chemoautotrophic bacteria are reported to be largely
or solely responsible for nitrification at a pH above 5.5
[35]. Various methods have been used for the determi-
nation of nitrification [36—38]. Total numbers of au-
totrophic ammonium oxidisers has been counted with

the MPN method and fluorescence antibody technique.
In many cases, incubation experiments were performed
[14]. In the present study, nitrification potential was
used to assess the dynamics of the composting process
in terms of the conversion of inorganic or organic N of
yard trimmings from a reduced to a more oxidised
state. The nitrification potential of yard trimmings
compost as indicated by NO5; —N production during a
5 h incubation, decreased with composting time from
initial value to 7.99 to 1.66 ng NO; -N g=! 5 h~!
(Table 3). Changes in nitrification potential paralleled
the change in dehydrogenase activity (Table 3). Nitrifi-
cation potential was positively correlated with total
aerobic heterotrophs and other important compost
parameters such as pH, EC, NH; —N, organic C and
C:N ratio (Table 4), indicating that nitrification poten-
tial may be used as an indicator not only of microbial
activity but also as a parameter to assess the compost-
ing process.

3.6. Relationship between biochemical parameters and
C and N

Results of the regression analysis showed a linear
relationship between C and dehydrogenase activity
(r?=0.54), ATP content (r>=0.56), and nitrification
potential (r*> = 0.48; Fig. 2A, B and D), indicating that
these biochemical properties are dependent on changes
in C content. The changes in these three biochemical
parameters are also dependent on the change of N
during composting (Fig. 2E, F, and H). During com-
posting, the degradable organic matter and nitrogenous
compounds in the yard trimmings were broken down
by microorganisms. This process resulted in increases in
microbial activities. Towards the end of composting, no
further decomposition is taking place as the C and N
became stabilised. Consequently, no more heat is re-
leased as a result of microbial activities, and so the
dehydrogenase activity, ATP content, and nitrification
potential of yard trimmings dropped and stabilised to
low levels. Arginine ammonification was dependent nei-
ther on the change of C (r>=0.04) nor N (r2=0.002)
(Fig. 2C and G), suggesting that this parameter may
not be suitable for evaluating the dynamics of yard
trimmings composting.

3.7. Evaluation of compost maturity

Most of the criteria used in the evaluation of the
composting process, compost stability (maturity) and
quality were based on physical and chemical parame-
ters of the organic material, whose behaviour reflects
the metabolic activity of microorganisms involved in
the composting process [9,39-41]. These parameters
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include a drop in temperature, degree of self-heating
capacity, oxygen consumption, phytotoxicity assays,
cation-exchange capacity (CEC), organic matter and
nutrient contents, and C:N ratio.

A) Dehydrogenase activity
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potential. Regression equation, line of best fit and statistical significance are shown. *, P <0.05; **, P <0.01; *** P <0.001; ns, significant.
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ratio to 20:1, and decreases and stabilisation of bio-
chemical properties (dehydrogenase activity, ATP con-
tent, and nitrification potential) to low levels.

Acknowledgements

We thank the staff of Kadoorie Farm and Botanic
Garden for allowing this composting trial to be carried
out in the farm. S.S.H. Tang managed the construction
of the compost heaps. This project is part of S.M.
Tiquia’s post-doctoral work at City University of Hong
Kong.

References

[1] Beffa T, Blanc M, Marilley L, Fischer JL, Lyon PF, Aragno
M. Taxonomic and metabolic microbial diversity during com-
posting. In: De Bertoldi M, Sequi P, Lemmes B, Papi T, edi-
tors. The Science of Composting, Part I. London: Chapman
and Hall, 1996:149-61.

[2] Epstein E. The Science of Composting. Pennsylvania: Lan-
caster, 1997:487.
[3] Tiquia SM, Michel FC Jr. Bacterial diversity in livestock ma-

nure composts as characterised by terminal restriction frag-
ment length polymorphism (T-RFLP) rf PCR-amplified 16S
rRNA gene sequences. In: Insarn H, editor. Microbiology of
Composting and Other Biodegradation Processes. Germany:
Springer, in press.

[4] Golueke C. Bacteriology of composting. BioCycle 1992;33:55—
7.

[5] Miller FC. Composting as a process based control on ecologi-
cally selective factors. In: Metting FB, editor. Soil Microbiol-
ogy. New York: Marcel Dekker, 1993:515-43.

[6] Strom PF. Effects of temperature on bacterial diversity in
thermophilic solid waste composting. Appl Environ Microbiol
1995;50:899—-905.

[7] Finstein MS, Morris NL. Microbiology of municipal solid
waste composting. Adv Appl Microbiol 1975;19:113-51.

[8] Finstein MS, Miller PC, Strom PF. Waste treatment compost-
ing as a controlled system. Biotechnology 1986;8:396—-443.

[9] De Bertoldi M, Vallini G, Pera A. The biology of composting:
a review. Waste Manage Res 1983;1:157-76.

[10] Tiquia SM, Tam NFY, Hodgkiss U. Microbial activities dur-
ing composting of spent pig-and sawdust litter at different
moisture contents. Bioresour Technol 1996;55:201-6.

[11] Iannotti DA, Pang T, Toth BL, Ewell DL, Keener HM,
Hoitink HAJ. A quantitative method for monitoring compost
stability. Compost Sci Util 1993;1:52—65.

[12] Brookes PC. The use of microbial parameters in monitoring
soil pollution by heavy metals. Biol Fertil Soils 1995;19:269—
79.

[13] Kandeler E. Arginine deaminase activity. In: Schinner F,
Ohlinger R, Kandeler E, Margesin R, editors. Methods in Soil
Biology. New York: Springer, 1995a:168-70.

[14] Kandeler E. Potential nitrification. In: Schinner F, Ohlinger R,
Kandeler E, Margesin R, editors. Methods in Soil Biology.
New York: Springer, 1995b:146-8.

[15] Oades JM, Jenkinson DS. Adenosine triphosphate content of
the soil microbial biomass. Soil Biol Biochem 1979;11:201—4.

[16] Tabatabai MA. Soil enzymes. In: Weaver RW, Angle JS, Bottom-
ley PS, editors. Methods of Soil Analysis. Part 2— Microbiological
and Biochemical Properties. Madison, WI: SSSA, 1994:775-833.

[17] Day M, Krzymien M, Shaw K, Zaremba L, Wilson WR, Botden
C, Thomas B. Investigation of the chemical and physical changes
occurring during commercial composting. Compost Sci Util
1998,6:44—6.

[18] Sparks DL. Methods of Soil Analysis. Part 3—Chemical Meth-
ods. Madison, WI: SSSA, 1996.

[19] Parkinson D. Filamentous fungi. In: Weaver RW, Angle JS,
Bottomley PS, editors. Methods of Soil Analysis. Part 2— Micro-
biological and Biochemical Properties. Madison, WI: SSSA,
1994:329-50.

[20] Wellington EMH, Toth IK. Actinomycetes. In: Weaver RW,
Angle JS, Bottomley PS, editors. Methods of Soil Analysis. Part
2—Microbiological and Biochemical Properties. Madison, WI:
SSSA, 1994:269-90.

[21] Zuberer DA. Recovery and enumeration of viable bacteria. In:
Weaver RW, Angie JS, Bottomley PS, editors. Methods of Soil
Analysis. Part 2—Microbiological and Biochemical Properties.
Madison, WI: SSSA, 1994:19-144.

[22] Tiquia SM, Tam NFY, Hodgkiss 1J. Salmonella elimination
during composting of spent pig litter. Bioresour Technol
1998;63:193-6.

[23] Woomer PL. Most probable number counts. In: Weaver RW,
Angle JS, Bottomley PS, editors. Methods of Soil Analysis. Part
2—Microbiological and Biochemical Properties. Madison, WI:
SSSA, 1994:60—-79.

[24] Zar JH. Biostatistical Analysis, forth ed. New Jersey: Prentice
Hall, 1999:929.

[25] Tiquia SM, Wan JHC, Tam NFY. Microbial population dynamics
of evolution of enzyme activities during composting. Abstract
presented at the International Conference on Microbiology of
Composting and Other Biodegradation Processes. Innsbruck,
Austria. 18—20 September 2000.

[26] Alef K. Dehydrogenase activity. In: Alef K, Nannipieri P, editors.
Methods in Applied Soil Microbiology and Biochemistry. Lon-
don: Academic Press, 1995:228-31.

[27] Scheafer R. Dehydrogenase activity as an index of total biological
activity in soils. Soil Biol Biochem 1963;105:326-31.

[28] El-Shinnawi M, El-Shimi SA, Badawi MA. Enzyme activities in
manured soils. Biol Wastes 1988;24:283-95.

[29] Jenkinson DS, Ladd JN. Microbial biomass in soil: measurement
and turnover. In: Paul EA, Ladd JN, editors. Biochemistry. New
York: Marcel and Dekker, 1981:414-71.

[30] Jenkinson DS. Determination of microbial biomass carbon and
nitrogen in soil. In: Wilkinson JK, editor. Advances in Nitrogen
Cycling in Agriculture Ecosystems. Wiflingford, UK: CAB Inter-
national, 1988:368-86.

[31] Garcia C, Hernandez T, Costa C, Ceccanti B, Ciardi C. ATP
content, enzyme activity, and inorganic nitrogen species during
composting of organic wastes. Can J Soil Sci 1992;72:243-53.

[32] Alef K, Kleiner D. Arginine ammonification as a simple method
to estimate microbial activity potentials in soil. Soil Biol Biochem
1986;18:233-5.

[33] Lin Q, Brookes PC. Arginine ammonification as a method to
estimate soil microbial biomass and microbial community struc-
ture. Soil Biol Biochem 1999;31:1985-97.

[34] Alef K, Kleiner D. Applicability of arginine ammonification as
indicator of microbial activity in different soils. Biol Fertil Soils
1997;5:148-51.

[35] Focht DD, Verstracte W. Biochemical ecology of nitrification and
denitrification. Adv Microbiol Ecol 1977;1:135-214.

[36] Tiquia SM. Microbial transformation of nitrogen during compost-
ing. In: Insam H. editor. Microbiology of Composting and Other
Biodegradation Processes, Springer, in press.

[37] Schmidt EL. Fluorescent antibody techniques for the study of
microbial ecology. Bull Ecol Res Commun. 1973;17:67-76.



S.M. Tiquia et al. / Process Biochemistry 37 (2002) 10571065 1065

[38] Schmidt EL. Nitrification in soil. In: Stevenson FJ, editor.
Nitrogen in Agricultural Soils. SSSA, 1982:253-88.

[39] Forster JC, Zech W, Wurdinger E. Comparison of chemical and
microbiological methods for the characterization of the maturity
of composts from contrasting sources. Biol Fertil Soils
1993;16:93-9.

[40] Grebus ME, Watson ME, Hoitink HAJ. Biological, chemical,
and physical properties of composted yard trimmings as indica-

[41]

tors of maturity and plant disease suppression. Compost Sci Util
1994;2:57-71.

Tiquia SM, Tam NFY. Microbiological and chemical parame-
ters for compost maturity evaluation of spent pig litter disposed
from the pig-on-litter system. In: Wannan PR, Taylor BR,
editors. Proceedings of the International Composting Sympo-
sium (ICS 1999), vol. III. Nova Scotia, Canada: CBA Press,
2000:648—-69.



	Dynamics of yard trimmings composting as determined by dehydrogenase activity, ATP content, arginine ammonific
	Introduction
	Materials and methods
	Composting set-up and sampling
	Physico-chemical properties
	Enumeration of total aerobic heterotrophs, actinomycetes, and fungi
	Dehydrogenase activity, ATP content, arginine ammonification, and nitrification potential
	Statistical analyses

	Results and discussion
	Temperature profile and population of different microbial groups
	Dehydrogenase activity
	ATP content
	Arginine ammonification
	Nitrification potential
	Relationship between biochemical parameters and C and N
	Evaluation of compost maturity

	Acknowledgements
	References


