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Nitrogen transformations during pig manure composting
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Abstract: Composting is now suggested as one of the environmentally and friendly ahemative methed for disposal of solid organic wastes, as it
leads to minimization, stalilization, and unhzation of orgamic waste. Transformations of nitrogen were investigated in co-composting of pig
manure with different amendments, such as sawdust and leaves. Samples were analyzed for pH, total-N, soluble NH4-N, scluble NO,-N and
soluble organic-N. The total-N increased after 63 days of composting, as well a: the soluble NO;-N and soluble organic-N. Soluble NH,-N
increased significantly and showed peak values at day 7, thereafier decreased sharply and gradually to lower levels. Seed germination index
{GI) showed that co-composting of pig manure with sawdust eached maturity after 49 days of composting, while co-composting of pig manure
with sawdust and Jeaves roquired shorter time for 35 days. Soluble NH,-K was significanily negatively { P < 0.05), while seluble NO,-N and
soluble organic-N were significantly positively { P < 0.05), corrclated with sced genmination index (CI). Addition of leaves in co-composting
of pig manure with sawdust had no significant impacts on nitrogen transformations, but it was beneficial for maturity of pig manure compost.
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Introduction

In rccent years, intensive animal production has resulted in high density of animals in small arcas, producing large
quantities of waste with insufficient nearby land for application. In Ilong Kong, the pig industry has seen a steady growth in
recent years. H resulted in indiseriminate disposal of animal waste, panicu]arly pig manure (22000 tones armua]l_v) . This has
led to environmental concerns including wlor pullutivn and melbane emissiens { Tamominga, 1992; 1995; Lopez-Real, 1996) .
Serious envirommentsl comamination called for envirommeatal and economic feasible lechnologies for animal wasie treatrnent.
Cumpusting is now suggested as one of the environmentully and friendly alternative methods for dispusal of solid erganic
wastes, as it leads to minimization, stabilization, and utilization of organic weste. Most studies show thut mature compost
application ¢ agronomic scils can increase crop, improve physical properties of the soil, and therefore, can be served as a soil
conditioner ( McConnell, 1993; Wong, 1996). However, immature compost, when applied to soils, maintains high
decomposition activity, which may retard plant growth due to nitrogen starvation, anaerobic conditions and phytotoxicity of
NH, and some organic acids { Mathur, 1993) . Therefore, compost maturity and stability are key factors during composting.

Nitrogen is believed 10 be one of the most important factors affecting eompost quality. Compesting of N-rich wastes, such
as source-seperated organic household wastes can be associated with substantial gaseous N losses, amounting up to 50% —
60% (Kirchmann, 1994; Brink, 1995) . Also during composting of manure, gaseous N losses were reported to be high, up
to 77% (Martins, 1992} and during composting of sewage sludge up to 68% (Witter, 1988} . Emissions of nitrogenous gases
mean loss of an essential plant nutrient but may also lead to environmental pollution. Factors affecting ammonia formation and
losses during composting are pH, temperature, aeration level, ammonia and ammonium adsorbing capacity of added materials
(Witter, 1989}, and presence of availsble enerzy, that may lead 1o immokilization of N ( Kirchmann, 1985; 1989).
Bhamidimarri and Panday ( Bhamidimarri, 1996) described that sawdust has a high ammonia retention capacity in pig mamure
compost. In this study, the impacts on seluble nitrogen transformations with additional leaves or not in c0~comp05tmg of pig
manure with sawdust have been investigated .

The aims of this study were to investigate the changes and transformations of soluble nitrogen during co-composting of pig
marre with sawdust, as well as to evaluate the impacts on the losses of mitrogen and the maturity of compost with additional
leaves .

1 Materials and methods
1.1 Composting pile establishment

Pig manurc and sawdust were collected from a pig farm and a sawmill located in Taipo, Hong Kong, rcspectively. A
smashing machine was used to break the twigs into smaller size fractions. In order to achieve a C/N ratio of 30, pile A was
pn:pared with pig menure and sawdust at a ratio of 3:2 (w."w, fresh weigh!) , while pilc B was mixed with pig manure and
sawdusl and leaves ul a rativ of 3:1:1 (w/w, fresh weig]ll), respectively. The purpuse of using suwdust and leaves was to
adjust the C/N ratio because of its relatively high C content. Twigs were added to the piles at 10% (v/v) as bulking agent for
aeration. Windrow composting piles of approximately 8 m’ each, were composted for 63 days. The heaps were turned and
mixed using a front-end loader at a tumning frequency of every 3 days. The moisture content was adjusted to about 60% -
70% at the beginning of composting. At a depth of 60 cm within the composting piles, the temperature was taken daily.
Triplicate samples were collected from each pile at day 0, 3, 7, 14, 21, 35, 49 and 63, and stored at 4°C immediately prior
to analysis. Sub-samples were air-dried, ground to pass through & 0.25 mm sieve and stored in a desiceator for analyses. The
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selected physicochemical properties of the experimental materials are shown in Table 1.
i.2 Physicochemical properties of compost

Table 1 Selected physicochemical parameters of raw materials The aqueous compost extracts were obtained by
mechanically shaking the fresh samples with double distilled

Parameter Pig manure  Swwdust Leaves water {DDW) at a solid: DDW ratio of 1:10 (w/v, dry
pH 8.12 5.55 6. 68 weight basis) for 1h. The suspensions were centrifuged at
EC, dSm"* 2.90 0.02 0.83 12000 r/min and filtered through ¢.45 pm membrane filters.
Massture content . % 683 8. 12 6.5 The filirates were used for the following analyses. pH was

determined using an Orion 920 1SE pH meter; electrical

T-C, % ¢ 4.3 8.2 conductivity (EC) by an Orion 160 conductivity meter;
T-N., % 3.24 0.07 1.15 NH,-N by the Indophenol Blue method; NO,-N by the
C/N ratio 11.2 664 20.2 copperised cadmium reduction method (Page, 1982). Total

orgunic carbon was determined with air-dried samples by the

K, Cr, O, colourimetric mothod, tatal N by a Kjeldahl digestion method. Soluble organic-N content was determined by a
Kjeldahl digestion method on the soluble oxtract followed by NH,-N detenmination by methads described befure{ Page, 1082) .
1.3 Cress seed germinalion index test

Seed germination and root length test were carried oul vn water extracts by mechanically shaking the fresh samples for an
hour at & solid: DDW ratio of 1:10 (w/v, dry weight basis) . 5.0 ml of cach extract was pipetted into a sterilized plastic peiri
dish lined with a Whaunan # 5 filter paper. Ten cress seeds { Lepidium setivum, L.} were cvenly distributed on the filter
paper snd incubated st 25°C in dark for 48h. Triplicutes were unalyzed for cach pile sample, Troatments were evaluated by
counting the number of germinated seeds, and measuring the length of the coot radical. The responses were calculated by a
germination index that was determined according to the following formulal Zucconi, 1981) .
Seed germinalion index{ % ) x root length of treatment x 100%

Seed germination (%) x root length of control

Germinatien index (%) =

2 Results and discussion
2.1 Changes in temperature and pH
As shown in Fig. la, temperatures of two piles reached 30°C and entered the thermophilic phase after 3 days of
composting , which indicated active microbial decomposition in the composting piles. The microorganisms consumed the scluble
organic matter and ambient notrients, which then underwent aerobic degradation to generate heat, biomass and carbon
dioxide. The thermophilic phase { > 50°C ) of pile A lasted for 40 days, while pile B lasted for 38 days. The temperature of
pile A decreased sharply to 37°C at day 45, while pile B declined sharply 1o 38°C at day 43 after the thermophilic phase and
entered a cooling phase. Many reports described that the optimumn temperature range for eflective decomposition was 50 1o
60°C , while others suggested thal maximum decomposition of municipal solid waste occurred at tempemture between 65 to
70°C (Bach, 1984; Epstein, 1997). The maximum temperature in this study ranged from 65 to0 69°C . Short-term of
temperature fluctuation was caused by temperature decline in connection with turning aeration.
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Fig.1 Changes in iemperature (&} and pH (b} during composting of pig manure

The changes in pH of two piles followed the same trend with a sharp increase at the beginning but a significant decrease
at the end of composting (Fig. 1b). pH of pile A increased sharply from 7.89 at day O to a peak value of 8.40 at day 14 as
temperature incressing, while pile B increased from 6.94 to 8.22, which may be explained by the presence of NH; formed
during ammonification and mineralization of organic N through microbial activities { Bishop, 1983}. After 35 days of
compasting, & gradusl decrease in pH was observed for two piles. The pH values at the end of composting for pile A and pile
B were 7.69 and 7.24, respectively. A decrease in pH consequently coincided with nitrate formation, and prohably caused
by the volatilization of NH, and the H' -release from the nitrification process later in the composting period by nitrifying
bacteria (Eklind, 2000}, And also by the decomposition of organic matter and preduction of organic and inorganic acids by
the activities of microorganisms in compost {Mathur, 1991).

2.2 Changes in total-N
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Total-N of the two piles increased slightly after 63 days of composting (Fig. 2) . Total-N contents of pile A was 1.57%
at the beginning of the composting process, which then increased 10 2.00% at the end of composting. As well as pile B,
increased from initial 1.78% to final 2.11% . The contents of total-N increased after composting for 63 days, which may be
due to the net loss of dry mass by volatilizatien of carbon divxide during the mineralization of organic matter (Inoko, 19793
Viel, 1987; Fang. 1999) . Nitrogen-fixing bacteria may also have contributed to the increase of total-N in the later stage of
composting {Bishop, 1983). Pile B with leaves showed higher total-N content as compared 1o pile A without leaves throughout
the composting due to high content of N in leaves.
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composting of pig manure during eomposting of pig manure

2.3 Changes in soluble NH,-N

As shown in Fig. 3, at the first 7 days of composting, soluble NH,-N {as percentage of soluble-N) of pile A and pile B
were increased significantly from initial 52% and 61% to peak values of 67% and 69% , respectively. It may he due to
active ammonification with an increase in temperature and pH at the beginning of composting, as well as the mineralization of
organic-N compound ( Mahimairaja, 1994) . Thereafter, soluble NH,-N decreased gradually to 30% and 24% at the end of
compaosting by volatilization loss and immobilization by micreorganisms .

2.4 Changes in soluble NO;-N

Soluble N{} -N was almost absent al Lhe begiuning of composting and started to incrcase after the thermophilic phase
(Fig. 4). Soluble NO,-N(as percentage of soluble-N} of two piles remained a1 low levels closed 10 0% in the first 21 days of
composting . Thereafter, the percentages increased sharply to 3% of two piles at day 63. Soluble NO,-N of two piles remained
ata low level before a rise at day 21 due to mitrification. It may be explained that little nitrification occurred under
thermophilic condition, since high temperature and excessive amount of ammonia inhibited the activity and growth of nitrifying
bacteria { Morisaki, 1989; Stevenson; 1986) . There was no greal difference of soluble NO;-N between pile A and pile B.
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2.5 Changes of saluble organic-N

Soluble organic-N (as percemtage of soluble-N)} decreased in the first 7 days, and thereafter increased gradually in the
later stage of composting (Fig. 5). File A and pile B decreased from 48% and 38% at day 0 to 33% and 31% at day 7,
respectively. 1t may be due fo the minerslization of soluble organic-N compound (Mahimairaja, 1994), for satisfying the
consumption of activities and growth of microorganisms at the beginning of composting. And then increased gradually 10 70%
and 76% at the end of composting, which may be due to the formation of organic-N in the later period of composting.
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120 2.6 Cress seed germinsation index
The germination index {GI), which comhines the measure of relative
seed gormination and relative root elongation of crese seed { Lepidium
80 Sativum , L.), is the most sensitive parameter used to evaluate the toxicity
( and degree of maturity of compost( Zuceoni, 1981} . As shown in Fig. 6, the
GI values of pile A decreased from an initial level of 149% to the lowest
L values of 3% at day 14, while GI value of pile B from 2% to 0% . This may
be atiributed to the release of high concentrations of NH; and low molecular
weight organic acids {Wung, 1985; Fang, 1999) . As the composting

Percentage, %a
2]

a0

20 —c— pile A process proveeded, the GI valucs of pile A increased significantly and
o e ——pleB reached 859% at the end of the cornposting time, with pile B reached 117% .
0 7 14 21 28 35 42 45 56 63 A germinalion index of 509 has been used as an indicator of phytatoxin-free
Composting time, @ compost (Zuccom, 1981). Pilc A without leaves was stabilized enough after

49 days of composting, while pile B with leaves required 35 days, according
to the GI criterion. Pile B rcquired a shorter time t¢ reach stabilization than
pile A, imdicated that pig manure amended with leaves was heneficial for
maturity .

As shown in Table 2, soluble NH,-N was significantly negatively [ P <
0.05}, while soluble NO,-N and soluble organic-N were significantly pasilively { P < 0.05), correlated with cress seed
gemination index(GI) . It could be suggested as good chemical indicators of compost maturity .

Fig.6 Changes in Gl values during

composting of pig manure

3 Conclusion
Table 2 Correlation coefficients between nitrogen and GI

tal-N 1 ing,
The total-N increased after 63 days of composting. as values during composting

well as the soluble NO;-N and soluble organic-N. Soluble
NH,-N increased significantly and showed peak values at day Saluble NH;-N  Soluble NO; N Soluble organic-N
7, and thereafter decreased sharply and gradually to lower
levels in two piles. Seed germination index {GI) showed that
co-composting of pig manure with sawdust reached Pile B -0.9417° " 0.9499° " 0.9417% "
stabilization after 49 days of composting, while co-
composting of pig manure with sawdust and leaves required * * P <0.03.

shontier fime of 35 days. Scluble NH,-N was significantly

negatively ( P < 0.05), while soluble NO,-N and soluble organic-N were significantly pesitively ( P < 0.05) . correlated with
seed germination index (GI). Summuarily, addition of leaves in co-compesting of pig manure with sawdust had no significant
impacts on nitrogen transformations, but it was beneficial for maturity of pig manure compost.
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