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The pig-on-litter syste~ also known as in-situ composting is one of the most highly
recommended methods to treat pig wastes in Hong Kong. Pigs in this system are raised in
pens, the floor of which is covered with a 30 cm thick layer of sawdust (bedding material),
mixed with a commercially available bacterial product to aid decomposition. After 10-13

<- ~ the-spent litter is removed from the pigpens. The spent litter contains high
concentrations of nutrients, organic matter and trace elementswhich can be utilized as a soil
conditioner and/or fertilizer, but requires further composting in windrows to reach full
maturity. In the present study, windrow composting of spent pig litter was carried out to
investigate~the~err~~ts"QTPiffeh~nfcoJ?;iposlli1g'sffufegr~s'onif(e'c.J;leIWi::arpfopeftiesofthe"
mature compost, and to deteffi$~ potentia) c~en.ricalparaniet~rsthat indicate maturity. Nine
composting piles were managed under different'oi>enitmgstrategies (turning frequency,
moisture content, and moisture adjustme,nt),During c,ompPs,tingand at maturation,
concentrations'Of-NH4-r.-N,' [N03-+ Ne2<-I..N,extract8ble:.p..and~-total"and water--' ." --, '-,n,

extractable Cu and Zn, and pH values were similar in all piles, regardless of the initial
material or composting strategy. Among ailch~fulcal parameters measured, pH,
concentrations ofNH4+-N and water-extractable Cu and Zn are the simples~ least expensive
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, ,. ," The Stah~~iri~$i4'rifra1~#ig'pigi~'H<?ng'~o~g"iS :on"c9Ii~~teor s~atiedf1oors.
The excreta is~e~~os~dA~~ t~ rie~~Y~atercoui:ses' and ~tre~.,Thisp~actic~ i~ . ,"

convenient but cie~~~'as~#~tfspoIl~tic?~.~oiic~.Ih J?~? ~ '#i.eJ\gn~tureand Fisheries
Dep~ent 9f H<?rigKo~g'ilii~~at~Ci:the 'pig-~~~littersyst~~ ~~~repigs arerai~ed, on a litter
~edding(saw4#St.#~~>y!th'~:~~rn~~tc~aIbac!eri,aI:~!O~ii~t)~"A~.pig~x.c~~~ <?I1ce

~~P~~!t~4,.~~.qW~t¥.!Y~~~~!!!l.~~,!~~e: ,?e.~~~~I3f~~~~~~~~,~PP.?~7~~;,~i~~~~~ulking
agent (sawdust) m the p~gpe~ aIld,the rapld.d.~~oIIlPOSlti~nofD.Itr~gen(jus c<?~pounds lead to
the eradication'of of£:eilSlve'odor:of'aInnionia. The success 6fthis approach oftaismgpigs
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has also been deriipnsfuif~d"inJa an,-New Zealand, 'andThe~~therlatids (FukUda, 1991).
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nor effluent needktb beJiandled..The only waste requi1¥lg4!SP9S~listhe.spe]lt pig litter (a
mixtureofp~i~lY"4~~o~p~s~~pig~ure ~4 sa~~t):a~~_~~~-:p..~eeks;.~~~o~ .
studies have shOWh"thatthe'decc>mpositionof the pig mailure-withiIithe pig-on':'litter'system
is incomplete, th~refore, the spent pig litter (spent litter) requires-further composting in
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windrows to achieve full matuPty (Tiqwa aD.<fTani1998a)before it cap.be recycled back
onto agricu1tur~)~d: "i ",: ' "-;
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Due to variations in the number of pigs, types of commercial bacterial products,
amounts of sawdust, and management practices in the pig-on-litter system, the properties of
the spent litter trom different pig pens are likely to be different. Such differences in the spent
litter would affect the time of maturation and quality of the mature compost. On the other
hand, the operating strategies being used during windrow composting of this spent litter
would also influence the maturation. Tiquia and Tam (1998a) and Tiquia et al. (1997a)
concluded that if the moisture content of the spent litter was maintained at 60% and turned
every 4 days, the spent litter would reach maturity in 56 days. Spent litter piles with less
trequent turning (every 7 days) took 126days to reach maturity (Tiquia et aI., 1997b), while
spent litter piles with their moisture contents adjusted to 70% took 91 days to reach maturity
(Tiquia et al., 1996aand 1996b). The decomposition of the spent litter during winter, without
bacterial inoculum or moisture adjustment,was slow and the spent litter did not reach
maturity at the end of the composting period (91 days) (Tiquia, 1996; Tiquia et aI., 1997a and
1997c).

The acceptance of the spent pig litter compost as fertilizer and/or conditioner depends
on the consistent composition of the mature compost. It has been reported that composting
leads to a homogeneity in the composition of the product irrespective of the initial material
and the composting process (Garcia et aI., 1993;Serra-Wittling et aI., 1996). Such
homogeneity will be useful in establishing maturity indices which can be quantified
numerically. On the other hand, previous studies have shown that chemical properties of the
mature compost vary depending on the properties of the initial material (Michel et aI., 1996;
Savage, 1996). The present study therefore aims (1) to investigate the effects of different
initial material and composting strategies on the chemical properties of the mature spent litter
compost and, (2) to identify the most suitable chemical parameters that can be used as an
index of compost maturity.

Materials and methods

The spent litter was collected trom five different pens (pens A to E) where the pig-on-
litter system was employed (Table I). The same feed type was fed to the pigs in the pig-on-
litter system and the composition of the feed is shown in Table 1.Nine triangular piles, about
2 m in width at the base and 1.5 m in height were built from the spent litter collected trom
the five pens. The nine operating strategies (piles 1 to 9) used are listed in Table 2. All piles
except pile 1were turned every 4 days. The initial moisture content of all piles were adjusted
to 60% with the exception of piles I to 3, whose moisture contents were adjusted to 50% and
pile 5, whose moisture content was adjusted to 70%. The moisture content of piles 7_and9
were adjusted to their designed values, while no further adjustment in moisture content was
carried out with the rest of the piles during composting. During the process of composting,
the ambient temperature and temperature within each pile were measured before turning. The
spent litter was considered mature when the temperature of the pile reached the ambient
level.

Initial and mature compost samples were collected at 5 random locations in each of
the piles. These samples were combined and mixed to provide a composite sample. Triplicate
composite samples were taken trom each pile. The samples were analyzed for Kjeldahl N
(Page et aI., 1982); total and Olsen-extractable P using ascorbic acid method (APHA, 1989);
total and water-extractable (1:10 spent litter:water extract) K, Cu and Zn (atomic absorption
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spectrophotometry); NH4+-N and (N03- + N02-)-N (page et al. 1982); electrical
conductivity (EC) (1:10 spent litter:water extract) using a conductivity probe; pH (1:10 spent
litter:water extract) using a pH probe; total C and ash content (loss on ignition); humic (HA)
and fulvic (FA) acids (Page et al., 1982); and cation-exchange capacity (CEC) (Harada and
Inoko, 1980)

Mean and standard deviation (SD) of the three replicates of each pile were calculated.
One-way analysis of variance was performed to determine differences among the 9 piles
during the initial and mature stage. Significant differences among means were then compared
using the Bonferroni Test. A t-test was carried out to compare the difference between the
initial spent litter and mature compost product in each pile. All statistical analyses were
based on the procedures described by Zar (1984). The Sigma Stat for Windows 1.0
computing package (Jandel Corporation, USA) was used to perform all statistical analyses.

Results

Kjeldahl N, total P and K
At day 0 (initial stage), the Kjeldahl N, and total P and K concentrations of all piles

ranged from 1.80 to 3.05%, 1.32 to 1.80% and 1.03 to 1.80%, respectively (Table 3). At
maturity, these values slightly increased to 1.90 to 3.45 % for Kjeldahl N, 1.51 to 2.04 % for
total P and 1.42to 2.01% for total K (Table 3). The initial concentrations ofN, P, and K of
the spent litter piles were not significantly different from those of the mature product in all
piles. However, significant differences were found among 9 piles at maturity in terms of the
Kjeldahl N and total P content. The total K content of all 9 piles were similar at mature stage
with the exception of piles 7 and 8 whose values were higher.

Inorganic N, and extractable P and K
The concentrations ofNH4+-N and (N03- + N02-)-N of the initial spent litter varied

significantly from each other (Table 4). The initial NH4+-N content of the spent litter piles
ranged from 3.88 to 7.20 mg g-l, and decreased to 0.12 to 0.46 mg g-l at maturity.
Conversely, the (N03- + N02-)-N content increased from initial values of 0.08 to 0.27 mg g-
1 to 1.16 to 1.44 mg g-l at the mature stage. The concentrations of(N03- + N02-)-N did not
differ among all piles at maturity. The NH4+-N concentrations of all mature piles were also
not significantly different from each other except piles 3 and 4 (Table 4), which were
statistically higher.

During the initial stage of composting (day 0), the extractable P and K contents of the
spent litter piles ranged from 3.64 to 5.45 mg g-l and 6.65 to 10.37 mg g-l, respectively. At
mature stage, these levels increased significantly (P <0.0001) between 6.41 to 7.44 mg g-l
for extractable P and 9.72 to 11.45mg g-l for extractable K. No significant difference was
found in terms of the extractable P content among all 9 piles at maturity. Although some
differences in extractable K were found between 9 piles, the difference was only about 1.0
mg g-1.

Electrical conductivity (EC), pH, total C and ash
The EC, pH, total C and ash content of the initial spent litter piles varied significantly
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from eachother(Table5).Duringcomposting,the ECvalueandashcontentincreased,while
the total C and pH value decreased. The total C concentrations of the spent litter piles at
mature stage did not vary from each other except for piles 3, 4 and 5 whose values were
about I% higher than the other piles. The ash contents of the 9 piles were similar except for
piles 3, 4 and 5 whose ash values were lower. At maturity, pH and EC values did not differ
among all piles except piles 3 and 5, whose EC values were lower than the rest.

-----------------

Humic acid (HA), fulvic acid (FA), cation exchange capacity (CEC) and C:N ratio
The HA content of all 9 piles were not significantly different at day 0 (initial stage)

(Table 6). At maturity, the HA content of all piles increased but the increases in piles 6, 7, 8
and 9 were significantly higher than the other 6 piles (Table 6). The FA content of all piles
remained relatively stable during composting, while the CEC content and C:N ratio varied
significantly from each other in all piles during the initial and mature stages of composting.

Total and water-extractable Cu and Zn
As composting progressed, the concentrations of total Cu and Zn increased, while the

water- extractable Cu and Zn decreased significantly (P <0.0001). The initial water-
extractable Cu and Zn concentrations of the spent litter piles differed significantly from each
other as a result of the different treatments during the initial pig-on-litter system (Table 1).
When the spent litter piles reached maturity, the total and water-extractable Cu and Zn
concentrations were similar among all piles (Table 7).

Discussion
Variations in the treatments (i.e. number of pigs, amount of sawdust added, type of

bacterial inoculum added and litter management) under the pig-on-litter system (Table 1)
resulted in the differences in chemical properties of the initial spent litter material which
would affect the quality of the composted product. Among all the chemical properties
investigated, there are chemical parameters (Kjeldahl N, total P, K and C, ash, HA, CEC, EC
and C:N ratio) whose values were influenced by the initial material and therefore cannot be
used in establishing the degree of maturity of spent litter. Similar results were observed on
composting of horse manure (Warman and Termeer, 1996), broiler litter (Flynn and Wood,
1996) and municipal wastes (Garcia et al., 1992).Thes.eauthors found that the chemical
properties of the composted product such as N, P, K and C:N ratio are very much influenced
by the initial feedstocks.

The Kjeldahl N, total P and K of the mature compost varied depending on the
concentrations of the initial material. Spent litter piles with higher initial Kjeldah1N and total
P and K also had higher nutrient values at mature stage (Table 5). The total nutrient content
of the spent litter increased slightly during composting, indicating that this process did not
reduce the agronomic quality of the end-product. It has been known that composting is
mainly decomposition and transformation (Golueke, 1977). For nitrogenous compounds, the
conversion is from protein to organic N, then to NH4+ and fmally to N03-/N02- (with very
little denitrification). This is why a decrease in NH4+-N concentration followed by an
increase in (N03-+N02-)-N are common for composting process (Riffaldi et aI., 1986;
Forster et aI., 1993).
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The HA content was influenced mainly by the composting strategies, while the CEC
content of the spent litter was influencedby both the initial material and the operating
strategies used during windrow composting.Their values increased over the composting
period, and at the end of maturation showed a wide variation in HA (37.3 to 89.7 g Kg-I) and
CEC (68.4-115.5 meq 100 g-l) content, depending on the starting material and the operating
strategies used. The total C and ash content were also influenced by the operating strategies.

r"'.
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One ratio which is frequently used as an index of compost maturity is the C:N ratio.
The decline to between 20:1 at maturity has been recommended as an index of compost
maturity (Jimenez and Garcia, 1991).If such criterion for maturity is to be used, the spent
litter from piles 6, 7, 8 and 9 would be considered mature even at day 0 as their initial C:N
ratios were less than 20:1 (Table 6). The C:N ratio was influenced by the initial spent litter
material. The numerical values of the mature piles varied widely between 11.9 and 25.6
(Table 6), suggesting that C:N ratio cannot be used as a suitable index of maturity. Such
problem was also encountered during composting of domestic sewage sludge (Jimenez and
Garcia, 1991) and municipal solid wastes (Garcia et al., 1992). These authors suggested that
C:N ratio of the water extract rather than that of the compost material could be more useful
indicators of compost maturity.

To be considered as a suitable indicator of compost maturity, it is not sufficient that a
parameter has a similar pattern of change during the course of composting. Rather it is
important that the parameter reached similar values when the compost became mature,
regardless of the differences in the initial material and composting strategies (Garcia et aI.,
1992; Garcia et al., 1993; Serra-Wittlinget aI., 1996). Amongst all the chemical parameters
studied, the concentrations of inorganic nutrients (NH4+-N, [N03- + N02-]-N, extractable P
and K), and pH can be used as suitable indicators of maturity of spent litter as their numerical
values were not influenced by the differences in the initial material and the operating
strategies employed during windrow composting. When the spent litter reached maturity,
compost from all piles shared the same quality in terms of these chemical parameters.
Moreover, these chemicals have direct link to the fertility value of the compost material and
thus, contribute largely to the quality of the compost material.

Total and water-extractable Cu and Zn concentrations of the mature compost were
also not affected by the starting spent litter material and composting strategy as these
parameters reached similar values in all piles at mature stage. Therefore, they can be
considered as a useful index for the maturity of spent litter in the present study. The
concentrations of total Cu and Zn in the spent litter compost were high, and this fact .cannot
be avoided since these two metals are added in the pig diet. However, as far as the
application of compost on agricultural land is concerned, the content of the water-extractable
form of the heavy metals is more important than the total metal concentration (petruzzelli et
al., 1989; Tiquia et aI., 1996c). The water-extractable Cu and Zn concentrations decreased
during composting because they bind with the humic substances. It is therefore not due to the
moisture content of the windrow, turning frequency, and feed types. Leaching ofCu and Zn
due to run-on and run-offwas not observed. In the present study, decreases in water-
extractable Cu and Zn concentrations coincided with increases in HA content of the spent
litter, indicating the ability of humic substances to form stable complexes with metal ions.
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Therefore, the water-extractable Cu and Zn can be used as suitable parameters to indicate
maturity of spent litter.

=-'" --

The present study revealed that a good operating strategy enhanced the quality of the
mature spent litter compost. Spent litter piles with more frequent turnings (every 4 days) and
moisture adjustment to 60% during composting had higher CEC and HA values compared
with spent litter with less frequent turnings and without adjustments in moisture content. The
addition of bacterial inoculum during the pig-on-litter in-situ composting had nO,effecton the
chemical properties of the spent litter and the efficiency of the process if the operating

-- ~ strategiesmentionedabovearemet. Sucha fmdingis of remarkableimportancesinceit
means that the whole process could be run on a more economic basis.

For practical composting operations, it would be desirable to use simple, inexpensive
and easy indicators of compost maturity. The measurement of chemical parameters such as
pH, EC, ammonium and possibly water-extractable Cu and Zn concentrations of the
composted product satisfied this criteria, and can be used as indices of maturity. However,
compost maturity is difficult to defme by only employing the chemical parameters. The
understanding of compost maturity has to be improved by employingbiological parameters
such as microbial counts, oxygen uptake rate, germination index (Inbar et aI., 1990; Brinton
et aI., 1995), and physical parameters such as bulk density and particle size distribution
(Tiquia and Tam, 1998b). These parameters, together with the chemical parameters
suggested in this study will be useful in the estimation of compost maturity and the
development of maturity index of spent litter compost.
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Table 1. Description of the pig pens during pig rearing under the pig-on-litter systemt.

Treatment Pen A PenB PenC PenD PenE

tSpent litter in piles 1 and 2 were collected from Pen A; spent litter in piles 3, 4, and 5 were collected from Pen B; spent litter in
pile 6 was collected from Pen C; spent litter in piles 7 was collected from Pen D; spent litter in piles 8 and 9 were collected from
Pen E. ~The same type of feed was fed to the pigs in pens A to E. The feed contained a mixture of com yellow, soya bean meal,
fish meal, fat, and small amount of dicalcium phosphate, lysine, Tasmix 77 (with pre-mix Cu and Zn), Tylan and Hygromix.
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Size of pig pen 32m2 30m2 40m2 40m2 30m2

Number of pigs 32 30 40 40 30

Age of pigs at start 99 days 82 days 113days 72 days 78 days

Raising period 92 days 115 days 91 days 123days 117days

Litter management Mixing Layering Layering Layering Layering

Total feed consumptiont 6544.5 Kg 8307.7Kg 8196.1Kg 11910Kg 9619.2 Kg

Total sawdustconsumption 60 bags 70 bags 81.5bags 91 bags 90 bags

Bacterial productused Elimexal Vitacogen Biogreen no bacterial Odor control
productadded (OC)-organic

fertilizers(OF)
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Table 2. Operating strategies and seasonal conditions during compostingtduration of composting and time of maturation.

n - - ---Pile OperatingStrategies Timewhen

Turning Initial Regular Season Durationof temperature
frequency moisture moisture composting reachedambient

adjustment correction trial . level

A 1 2 days 50% No Spring-summer 126days 74 days

A 2 4 days 50% No Spring-summer 126days 74 days

B 3 4 days 50% No Summer-autumn 91 days 60 days

B 4 4 days 60% No Summer-autumn 91 days 60 days

B S 4 days 70% No Summer-autumn 91 days 91 days

6 4 days 60% No Summer 91 days 56 days

D 7 4 days 60% Yes Summer 91 days 56 days

E 8 4 days 60% No Summer 91 days 56 days

E 9 4 days 60% Yes Summer 91 days S6days
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Range
Mean:f:SD~

1.80 - 3.05

2.29 :f:0.45
1.90-3.45
2.74:f:0.54

1.32.;1.80
1.57 :f:0.17

1.51-2.04
1.77:f:0.23

1.06-2.11
1.48 :f:0.37

1.42 - 2.01

1.65 :f:0.23

t Column Means:f: standard deviation (three replicates) of the same letter in the superscript position are not significantly ~erent
from each other at P<0.05; t Mean:f: standard deviation oftbe 9 piles are shown.
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Table 3. Kjeldahl N, total P and K concentrations of the initial and mature spent Utter.

Pen Pile N(%) P(%) K(%)
Initial Mature Initial Mature Initial Mature
material compost material compost material compost

A 1 1.86:f:0.48at
a a a a a

1.98 :f:0.02 1.80 :f:0.04 2.04 :f:0.07 1.49 :f:0.02 1.60 :f:0.02

A 2 2.14:f: O.O
a ab ab a . a

1.90 :f:0.01 1.76:f: 0.02 1.99 :f:0.19 1.50:f: 0.06 1.62 :f:0.11

B 3 1.95 :f:0.06a
be

1.32:f: 0.01c
c

1.06 :f:0.02c 1.42 :f:O.2.71 :f:0.13 1.51 :f:0.08
B 4 ac be c c c a

2.02 :f:0.08 2.68 :f:0.00 1.35 :f:0.07 1.51 :f:0.01 1.11 :f:0.04, 1.50:f: 0.78

B 5 a b c c
1.06 :f:0.01c 1.53 :f:O.1.80 :f:0.15 2.48 :f:0.02 1.37 :f:0.08 1.48 :f:0.01

C 6 acd cd ab ab
1.43 :f:0.04a

a
2.56 :f:0.01 3.13 :f:0.03 1.64 :f:0.03 1.88 :f:0.08 1.36 :f:0.06

D 7 bd cd ab b b b
3.05 :f:0.18 3.19:f: 0.04 1.67 :f:0.04 1.81 :f:0.03 2.11 :f:0.01 2.01 :f:0.03

E 8 acd cd ab ab b
1.94 :f:0.07b2.56:f: 0.01 3.13 :f:0.03 1.64 :f:0.03 1.82 :f:0.08 1.90 :f:0.02 -

'iE 9 be d b
1.82 :f:0.27ab

a
1.86 :f:(2.74 :f:0.09 3.45 :f:0.06 1.59 :f:0.04 1.70:f: 0.02



Range
Mean:l:SDt

3.88 -7.20
5.56:1:1.24

0.12-0.46
0.20:1:0.14

0.08-0.27
0.16:1:0.08

1.16 - 1.44

1.29:1:0.15
3.64-5.45
4.78:1:0.77

6.41-7.44
6.83 :I:0.42

6.65 - 10.37
8.45 :I: 1.30

9.72-11.45
10.25:1: 0.55

t Column Means:l: standard deviation (three replicates) ofthe same letter in the superscript position are not significantly different from each
other at P<0.05; t Mean:l: standard deviation of the 9 piles are shown.

Table 4. Concentrations of NH/ -N, (NO,,, + NOi)-N and, extractable P and K of the Initial and mature spent Utter.

Pen Pile NHa+-N (m2 2-1) (N01- + N(h-)-N (m2Iil) Extractable P (m2 R-I) Extractable K (m!! Iii)
Initial Mature Initial Mature Initial Mature Initial Mature
material product material product material product material product

A 1 6.04 :I:0.05at
a a a

5.45 :I:0.07at
a a

11.45 :I:0.67b0.12:1:0.02 0.08:1:0.00 1.38 :I:0.17 7.44:1:0.20 9.71:1:0.45

A 2 a a a a a a
10.37:1:0.34a 10.14:1:0.02ab6.57:1:0.09 0.13:1:0.01 0.12:1:0.01 1.42:1:0.01 5.55 :I:0.09 7.30 :I:0.11

B 3 c b ae a b a at a
4.40 :I:0.09 0.42:1:0.01 0.19:1:0.04 1.26 :I:0.06 3.64:1:0.07 6.41:1:0.12 7.77 :I:1.07 9.90:1:0.35

B 4 c b be a b a
6.65 :I:0.04 be 10.04:1:O.Ola3.99 :I:0.11 0.46 :I:0.05 0.26 :I:0.07 1.20 :I:0.06 3.81:1:0.08 6.49 :I:0.28

0

0.27:1:0.03be
b

6.73:1:0.20bc 10.05:1:O.Ola
\0

B 5 e a a a ....
3.88:1:0.16 0.18 :I:0.04 1.44 :I:0.36 3.84:1:0.04 6.59:1:0.16

C 6 b a at a a a
8.40 :I:0.56ae

a
7.01:1:0.33 0.12:1:0.04 0.18 :I:0.02 1.16:1:0.06 5.12:1:0.29 6.70 :I:0.48 9.72:1:0.20

D 7 b a Ii a a a
9.00:1: 1.108e 10.16:1:0.16ab7.20:1:0.01 0.12:1:0.04 0.05:1:0.00 1.26 :I:0.10 5.18:1:0.15 6.66 :I:0.32.

E 8 a a ae
1.16:1:0.06a 5.12:1:0.29a

a
8.40 :I:0.56ae 10.72 :I:0.20ab5.76:1:0.17 0.12:1:0.04 0.18:1:0.02 6.70 :I:0.48

E 9 a a a a a a
9.05 :I:0.85ae 10.12 :l:0.28a5.75:1:0.07 0.12 :1:0.04 0.11 :I:0.03 1.31 :I:0.18 5.37:1:0.01 7.17:1:0.03



. .

Range
Meat1:l:SD:

1.47-2.74
2.12:1:0.54

1.56 - 3.19

2.41 :I:0.56

7.90 - 8.50

8.21:1:0.21:

5.43-6.04
5.64:I:0.27

50.5 - 52.5

51.5:1:0.76
49.4 - 50.9

50.0 :I:0.65

9.73 - 12.91
11.3 :I: 1.21

12.4-14.9
; 13.8:1:1.17

t Column Means:l: standard deviation (three replicates) of the same letter in the superscript position are not significantly different from each
other at P<O.OS; : Mean :I:standard deviation ofthe 9 piles are shown.

Table S. Electrical conductivity (EC), pH, total C and ash content of the initial and mature spent litter.

Pen Pile EC (mmhos em-I) DR Total C (%) Ash (%)
. Initial Mature Initial Mature Initial Mature Initial Mature

material product material product material product material product

A 1 2.03:1:0.04bt
8

8.47 :I:0.078t
8 b b

12.91 :I:0.108 14.50:1:0.4582.11 :I:0.07 6.04 :I:0.02 50.5 :I:0.06 49.6:1:0.26

A 2 b 8 b 8 b b
12.71 :I:1.008 14.90:1:0.0381.91 :I:0.04 2.40:1: 0.01 7.92:1:0.05 5.43 :I:0.01 50.6 :I:0.58 49.4:1:0.03

B 3 c 8 8 8 8 8 c
12.50:1:0.04b1.52 :I:0.07 1.87 :I:0.05 8.50 :I:0.03 5.63 :I:0.08 52.5 :I:0.30 50.8 :I:0.05 9.85:1:0.81

B 4 C 8 C 8 8 8 'c
12.40:1:0.11b1.47:1:0.01 2.18 :I:0.71 8.28 :I:0.04 5.69:1:0.05 52.3 :I:0.09 50.7:1:0.12 9.73:1:0.27

B 5 c b c 8 8 a
10.39:I:0.76bc 11.90:1:0.11b -1.48:1:0.06 1.56 :I:0.17 8.12:1:0.01 5.51:1:0.19 52.3 :I:0.46 50.9:1:0.21 \0

'<t

C 6 8 8 b 8
51.6 :I:0.048b

b
10.96:1:0.068c 14.50:1:0.7382.68 :I:0.08 3.14:1:0.08 7.90:1:0.01 5.67:1:0.01 49.6:1:0.42

D 7 a
2.69:1:0.148

c
5.66:1:0.028

b b
12.34:1:0.378 14.30:1:0.0682.51 :I:0.15 8.18 :I:0.01 50.8 :I:0.22 49.7:1:0.03

E 8 8
3.19:1:0.088

C 8
51.6:1:0.048b

b
11.00 :I:0.088c 14.50:1:0.7382.74:1:0.00 8.24:1:0.01 5.53:1:0.01 49.6:1:0.42

E 9 8 8 C 8
51.3:1:0.068b

b
11.53 :I:0.048c 14.70:1:0.1182.72:1:0.00 2.60 :I:0.02 8.27:1:0.01 5.59:1:0.01 49.5 :I:0.06



Range
Mean:J:SDt

20.7 - 33.1

28.9:J:5.30
37.3-89.7
60.6 :I:22.12

70.9 - 114.6
93.2:J:20.6

69.7 - 114.0
92.0:J:18.5

34- 55.4
40:1:9.53

68- 115.5
93:1:15.31

17-27
23 :I:3.98

12-26
19:1:4.61

t Column Means:l: standard deviation (three replicates) of the same letter in the superscript position are not significantly different from each
other at P<0.05; t Mean:t: standard deviation of the 9 piles are shown.

Table 6. Concentrations of humic acid (HA), fuMe acid (FA) and cation-exchange capacity (CEC), and C:N ratio the initial and'
mature spent Utter.

Pen Pile HA (g Kg'l O.M.) FA (2K2,1 O.M.) CEC (mea 100 g-1 ash-free) C:N ratio
Initial Mature Initial Mature Initial Mature Initial Mature
material product material product material Product material product

A 1 31.6 :J:0.378t
8

109.2:J:0.348 109.9 :J:3.958 55 :J:1.228 68 :J:1.08d 26 :J:0.038 26 :I:0.2341.1 :J:1.17

A 2 8 8
113.5:J: 7.828 103.9:J: 5.033 54 :I:0.008 71 :I:2.02cd 26:1:0.123 26:1:0.16334.7:J: 2.83 42.8 :J:3.80

B 3 8 8
105.1 :J:0.138 97.6:J: .108b 39 :I:0.958b 93 :I:5.35b 27 :J:0.473 19:1:0.07c27.0 :J:0.46 45.0 :J:0.87

B 4 27.4:J: 4.128
3

114.0 :J:1.593 107.9:J:0.368 39 :I:1.92:b 94:J: 3.158 25 :I:1.93a 19:J:0.11c42.8 :J:6.54 N
\0

27:t: 2.188b 21 :t:0.07b
'<t

B 5 8 a
112.4:t: 1.50a 114.6:t: 2.728 42:1:3.14ab 89:t: 5.13825.2:t: 0.27 37.3:t:0,31

C 6 a b b
71.8:J: 19.44b 34 :t:2.58b 103 :t:5.34ab 20:J: 0.10bc 16:1:0.35d30.8 :t:5.25 77.5 :t:0.11 72.2:t: 4.21

D 7 a b b
80.3:1:6.728b 28 :t:11.46b 103 :I:3.34ab 17:t: 1.07c 12:1:O.1l29.8 :J:3.10 89.7:t: 1.00 69.7:t: 2.00

E 8 a b b b
34 :I:2.58b 103 :J:5.34ab 20:1: O.OObc 16:1:0.35d33.1 :J:8.52 83.5 :J:8.59 72.2:J: 4.21 70.9 :J:0.40

E 9 a b b b
36 :I:2.09b 116 :J:2.958 19 :I:0.64c 14:1:0.37e20.7:1:6.69 85.7:1:2.99 70.8 :t:0.52 70.9 :J:0.40



I"~
i; "~ . J'..., '

I

Range
Mean:f:SD~

428-551
479:f:42

545-633
585:f:38

38.2-52.2
44.9:f:5.7

9.8- 14.5
12.5:f:2.4

615 -744
751.4:f:55

674-804
638 :f:72

18.8 - 35.7

27.5 :f:7.1
9.3- 12.2
10.9:f:1.6

t Column Means:f: standard deviation (three replicates) of the same letter in the superscript position are not significantly different from each
other at P<0.05; ~Mean:f: standard deviation of the 9 piles are shown.

Table 7. Total and water-extractable Cu and Zn concentrations of the initial and mature spent litter.

Pen Pile Total Cu (URR"I) Ext. Cu (URR"I) Total Zn (URR"I) Ext. Cu (URR'I)
Initial Mature Initial Mature ' Initial Mature Initial Mature
Material product material product material product material product

A 1 551 :f:718t 633 :f:268
8 8

744:f: 178 780 :f:158
b 8

49.3 :f:5.4 14.5:f:2.35 18.8 :f:0.2 10.4 :f:1.4

A 2 503 :f:178 627 :f:678
8

15.9:f: 0.188 675:f: 98 674 :f:98
b a

46.6 :f:5.3 21.8 :f:3.7 12.2:f:0.4

B 3 468 :f:558 590 :f:318
ab 8

616:f: 728 774 :f:378
b 8

42.2:f: 1.7 9.8:f:1.39 23.3 :f:2.2 9.3 :f:0.4

B 4 454:f: 58 611 :f:218 43.3 :f:2.58b
8

604 :f:378 820 :f:328
b ' 8

13.2:f:3.70 23.6 :f:5.8 10.1 :f:1.8

B 5 428:f: 418 592 :f:108
b

10.2:f: 0.178 545:f: 228 804 t 28
b 8

38.3 :f:6.1 23.6 :f:0.03 9.8 :f:0.1

6 468:f: 48 552 :f:0.28
8 a 1"'1

C 10.4 :f:0.288 615:f: 988 723 :f:328 33.4 :f:0.58
\0

51.1 :f:1.3 12.0:1:0.1

D 7 483 :f:248 545 :f:78
b 8

706 :f:698 730:1:648 33.5 :f:128
8

38.2 :f:0.4 13.9:f: 0.82 12.2:1:0.9

E 8 468:f: 48 555 :f:58
8 8

615 :f:978 723 :f:328
8 8

52.2 :f:4.7 11.4 :f:0.28 33.4 :f:0.5 12.0:1:0.8

E 9 486 :I:108 558 :f:68 42.7 :f:0.18b 13.0:1:1.228 623:1: 188 732 :f:958
8 8

35.7 :f:1.8 11.8:f: 0.9


