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AB STRACT

To in ves ti gate green house gas emis sions from com post prep a ra tions, meth ane and car bon di ox ide con cen tra tions and

emis sion rates at dif fer ent ac cu mu la tive times and com post ing pe ri ods were de ter mined. While the ac cu mu la tive time was less

than 10 min with a closed acrylic cham ber, meth ane and car bon di ox ide emis sions in creased slightly but with high fluc tu a tion

in the sam pling er ror, and these val ues de creased sig nif i cantly when the ac cu mu la tive time was more than 20 min. Dur ing the 8

weeks of com post ing, the meth ane emis sion rate reaches its peak near the end of the sec ond week and the car bon di ox ide

emis sion rate does the same near the end of third week. Meth ane and car bon di ox ide emis sions had high val ues at the first stage

of com post ing and then de creased grad u ally for the ma tu rity of com post. Car bon di ox ide emis sion (y) was sig nif i cantly re lated

to tem per a ture (x1), mois ture con tent (x2), and to tal or ganic car bon (x3); and the re gres sion equa tion is: y = 3.11907x1 +

6.19236x2 - 6.63081x3 - 50.62498. The re gres sion equa tion be tween meth ane emis sion (y’) and mois ture con tent (x2), pH (x4),

C/N ra tio (x5), and ash con tent (x6) is: y¢ = 0.13225x2 - 0.97046x4 - 1.10599x5 - 0.55220x6 + 50.77057 in the ini tial com post ing

stage (weeks 1 to 3); while, the equa tion is: y¢ = 0.02824x2 - 0.0037x4 - 0.1499x5 - 0.07013x6 + 4.13589 in the later com post ing

stage (weeks 4 to 8). Dif fer ent stage com posts have sig nif i cant vari a tion of properties and greenhouse gas emissions.

Moreover, the emissions may be reduced by manipulating the proper factors.
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1. IN TRO DUC TION

Global warm ing has be come a mat ter of pub lic con cern

over the last few years. Waste treat ment ac counts for about

10 - 19% of an nual meth ane global emis sions into the at mo -

sphere (Bogner et al. 1999; IPCC 2001) and is a sig nif i cant

con trib u tor to global warm ing in green house gas sce nar ios.

On-farm ag ri cul tural prac tices ac count for al most 10% of

an thropogenic green house gas emis sions and ma nure ac -

counts for ap prox i mately 20% of to tal meth ane emis sions

from ag ri cul ture in Tai wan (Yang et al. 2003a, b, 2005; Yang 

2005b). Meth ane is gen er ated from com post ing of live stock

wastes through deg ra da tion of sol u ble lipids, car bo hy drates, 

or ganic ac ids and pro teins (Khan et al. 1997), and con tri -

butes 5 - 30% to the to tal emis sion of meth ane (Sommer

and Møller 2000; Külling et al. 2002). The global warm ing

po ten tial of meth ane is 23 times higher than that of car bon

di ox ide and at mo spheric meth ane con cen tra tion has been

in creas ing at a rate of -0.2 - 1% yr-1 (IPCC 2001; USEPA

2002; Simpson et al. 2006). The pri mary sources of these

emis sions are wetlands, en teric fer men ta tion, chem i cal fer -

til iz ers, paddy fields, land fills, and ma nure man age ment

(Chang and Yang 2003; Hegde et al. 2003; Yang et al.

2003a, b; Yang 2005a, b; Chen et al. 2008).

Com pared to wetlands and rice fields, com post ing func -

tions as bioreactor to con trol and man age bio de grad able or -

ganic ma te ri als (Bogner et al. 1999). These or ganic ma te ri -

als are de com posed via a com plex se ries of mi cro bial re ac -

tions un der aer o bic and an aer o bic con di tions. Even tu ally,

they are con verted into CO2, CH4, N2O, and H2O (Hao et al.

2001, 2004). Meth ane and car bon di ox ide emis sions in com -

post ing are mainly in flu enced by man age ment, tem per a ture,

tur n ing, aer a tion, height, com po si tion, den sity, mois ture con -
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tent and pH of the raw ma te ri als (Osada et al. 2000; Sommer

and Møller 2000; Amon et al. 2001; Su et al. 2003; Yang

2005a). Methanogenesis in com post ing oc curs when the or -

ganic waste pH is be tween 6.8 and 7.4 and is stim u lated by

in creas ing mois ture con tent (Jang and Yang 2001).

Al though there are many re ports avail able about meth -

ane and car bon di ox ide emis sions from land fills (Hegde et

al. 2003; Kumar et al. 2004; Meraz et al. 2004; Chen et al.

2008), com post piles (Fukumoto et al. 2003) and com post

wind rows (Hao et al. 2001, 2004; Jäckel et al. 2005; Pattey

et al. 2005), rel a tively lit tle work has been done with meth -

ane and car bon di ox ide emis sions from com post plant op er a -

tions. Pre vi ously, small com post equipments, re ac tor ves sels 

and piles have been uti lized to ex am ine the dis charge of

green house gases dur ing the com post ing pro cess (Kuroda et

al. 1996; Osada et al. 2000; Ekinci et al. 2002; Fukumoto et

al. 2003). Or ganic solid waste re leases rel a tively very high

con cen tra tions of green house gases, when ac tively de graded 

and me tab o lized by aer o bic and an aer o bic mi crobes in a

com post ing eco sys tem; and Lindau et al. (1993) also ada -

pted dif fer ent sam pling times for sum mer (15 min) and win -

ter (60 min) due to changes in emis sion rates.

In sum, there is a need for better es ti ma tions of green -

house gases emis sions and de vel op ment of abate ment tech -

niques, es pe cially in the area of meth ane and car bon di ox ide

emis sions pro duced dur ing the han dling of an i mal ma nures

and ag ri cul tural wastes. In this pa per, we re port meth ane and 

car bon di ox ide emis sions from com post at dif fer ent ac cu -

mu la tive times and com post ing pe ri ods. The cor re la tions be -

tween green house gases emis sions and properties of com -

posts are also investigated.

2. MA TE RI ALS AND METH ODS

2.1 Com post Plant

This study was con ducted at Chian-I Com post Plant in

Taoyuan County of north ern Tai wan, which pro duced 1.3 ´

104 ton of com post per year. The com post plant had 6 tanks

(length 80 m, width 6 m and height 1 m) with au to matic turn -

ing once ev ery 3 - 4 days dur ing 8 weeks of com post ing. The

raw ma te ri als were chicken ma nure 30%, cow ma nure 20%,

food pro cess ing res i due 20%, saw dust 20%, and wool waste

10%. Sam ples were col lected at each mea sur ing point from a 

depth of 20 cm be low the sur face. The ma te rial was mixed

well and sieved through 4-mm mesh.

2.2 Gases Sam pling and Mea sure ment

At mo spheric meth ane and car bon di ox ide in the com -

post plant were col lected us ing the gas re place method and

an a lyzed by gas chro ma tog ra phy. Gas sam ples (35 ml) were

col lected from the at mo sphere at each sam pling site and

trans ferred to a 12.6-ml se rum bot tle sealed with a butyl rub -

ber stop per that pre vi ously flushed with ox y gen-free ni tro -

gen gas (Yang and Chang 1997). The gas (l.0 ml) was with -

drawn and 0.5 ml was in jected into the gas chromatograph.

Meth ane was an a lyzed by a Shimadzu 14A gas chro mato -

graph (Shimadzu Co., Ja pan) with a glass cap il lary col umn

(0.26 mm ´ 2 m) packed with Porapak Q (80/100 mesh) and

a flame ion iza tion de tec tor. The col umn tem per a ture was set

at 100°C, the in jec tion and the de tec tor tem per a tures were

set at 130°C. Meth ane con cen tra tion was cal cu lated with a

stan dard curve from 0.1 to 100 mg kg-1 (v v-1) with a de tec -

tion limit of 0.01 mg kg-1 (v v-1) (Yang and Chang 1997). For 

car bon di ox ide anal y sis, a ther mal con duc tiv ity de tec tor was 

used. The col umn tem per a ture was set at 150°C, the in jec -

tion and the de tec tor tem per a tures were set at 200°C. Car bon 

di ox ide con cen tra tion was cal cu lated us ing a stan dard curve

from 0.1 to 1000 mg kg-1 (v v-1) with a de tec tion limit of

0.05 mg kg-1 (v v-1) (Chang and Yang 2003).

2.3 Meth ane and Car bon Di ox ide Emis sion Rates

Gas sam ples were col lected us ing a home made closed

acrylic cham ber (length 40 cm, width 40 cm and height 65 cm,

about 96) that was equipped with an elec tronic fan, a ther -

mom e ter and a sam pling hole (Fig. 1a). For mea sur ing meth -

ane and car bon di ox ide emis sion rates, eight acrylic cham -

bers were in stalled on the sur face of com posts at dif fer ent

com post ing pe ri ods along a lin ear path in each mea surement.

The cham bers were in serted into the com post to a depth of

5 cm and al lowed to equilibrate for 10 min be fore each mea -

sure ment (Fig. 1b). Gas sam ples (35 ml) were col lected from 

the headspace of each cham ber and trans ferred to a 12.6-ml

se rum bot tle sealed with a butyl rub ber stop per that was pre -

vi ously flushed with ox y gen-free ni tro gen gas. Gas sam ples

were col lected from cham ber at 0, 5, 10, 15, 20, 30, 40, and

50 min. En tire sam pling pro cess was re peated af ter three

hours for com par i son. Meth ane and car bon di ox ide emis sion 

rates were cal cu lated by per form ing a lin ear re gres sion on

the dif fer ences of meth ane and car bon di ox ide con cen tra -

tions and ad justed for cham ber vol ume and area cov ered.

The fol low ing equa tion was used for the cal cu la tion (Rolston

1986; Yang and Chang 1997; Hegde et al. 2003):

f = (V/A)(DC/Dt) (1)

where, f = meth ane or car bon di ox ide emis sion rate (mg

m-2 min-1), V = vol ume of cham ber above the com post (m3), 

A = cross-sec tion of cham ber (m2), DC = con cen tra tion dif -

fer ence be tween time zero and time t (mg m-3), and Dt =

time du ra tion be tween two sam pling pe ri ods (min) (Yang

and Chang 1998).

2.4 Ef fect of Ac cu mu la tive Time and Com post ing
Pe riod on Meth ane and Car bon Di ox ide Emis sions

Meth ane and car bon di ox ide emis sions from the com -
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post were in ves ti gated as fol lows:

(1) Ef fect of ac cu mu la tive time: 

Meth ane and car bon di ox ide emis sions from com post

were mea sured with the ac cu mu la tive time of 0, 5, 10,

15, 20, 30, 40, and 50 min.

(2) Ef fect of com post ing pe riod:

Meth ane and car bon di ox ide emis sions from com post

were de ter mined at 1- to 8-week com post ing pe ri ods.

2.5 Ger mi na tion Test

Af ter com post ing, a sam ple was ex tracted with five times 

of dis tilled wa ter (w v-1) and shaken at 180 rpm and 30°C for

30 min. Three ml of an ap pro pri ate di lu tion of com post ex -

tract was added to fil ter pa per (Whatman No. 1), which was

placed in the Petri dish and then 25 al falfa seeds were placed

on the fil ter pa per and in cu bated at 25°C for 5 days. Per cent -

age of ger mi na tion was counted at day 5, and dis tilled wa ter

was used as the con trol (Pai et al. 2003).

2.6 An a lyt i cal Meth ods

Air and com post tem per a tures were de ter mined on site

di rectly or un der 10 cm depth of com post with Hg- thermo -

meter. Com post pH was mea sured di rectly in tested com -

posts or in 1 : 1 (w v-1) com post to wa ter sus pen sion us ing a

pH me ter. Mois ture con tent was de ter mined by dry ing sam -

ples at 105°C to con stant weight. Ash con tent was mea sured

at 550°C for 24 h. To tal or ganic car bon was es ti mated us ing

a TOC-5000A to tal or ganic car bon an a lyzer (Code HI 8424C, 

Shimadzu, Ja pan) (Hegde et al. 2003). To tal ni tro gen was

de ter mined with a mod i fied Kjeldahl method (Yang et al.

1991). Ex per i ments were car ried out in trip li cate. Data were

sub jected to anal y sis by the co ef fi cient of vari ance and Dun -

can’s mul ti ple range tests (p = 0.05) us ing the Sta tis ti cal

Anal y sis Sys tem (SAS In sti tute 2002).

3. RE SULTS AND DIS CUS SION

3.1 Prop er ties of Com post dur ing Prep a ra tion

Com post ing is the con trolled de com po si tion of or ganic

mat ter to sta bi lize and san i tize or ganic mat ter that can be

used as soil con di tioner and or ganic fer til izer in ag ri cul ture.

Dur ing com post ing, tem per a ture ini tially in creased due to

ac tive de com po si tion of or ganic wastes and then de creased

grad u ally with ma tu rity. The mois ture con tent, to tal or ganic

car bon con tent and C/N ra tio de creased grad u ally while the

pH, ash con tent, to tal ni tro gen con tent and ger mi na tion rate

in creased (Ta ble 1). Af ter 7 - 8 weeks com post ing, the com -

post had mo is ture con tent of 25 - 26%, to tal or ganic car bon

23 - 25%, to tal ni tro gen 2.9 - 3.1%, C/N ra tio 7.5 - 8.4 and a

ger mi na tion rate 98 - 99%. This matches the stan dard re -

quire ment for or ganic fer til izer in Tai wan (Coun cil of Ag ri -

cul ture/Tai wan 2003).

The ini tial height of com post was usu ally about 100 cm

with the raw ma te ri als and about 50 - 60 cm with the fi nal

prod uct. The com post tem per a ture in creased from the top

sur face to 50 cm depth and then de creased grad u ally to the

bot tom of the com post due to lim ited ox y gen dif fu sion from

the at mo sphere into the com post and fer men ta tion heat re -

lease from the bot tom to the sur face (Ta ble 2). The tem per a -

ture in creases ini tially with high mi cro bial ac tiv ity and the

eas ily avail able or ganic com pounds are con verted into bio -

mass and heat by mesophilic zymogenous bac te rial and fun -

gal decomposers (Hellmann et al. 1997). The high tem per a -

tures pre vailed above 60°C for 7 to 10 days, kill ing most

patho gens and weeds – a re quire ment for good qual ity ma -

ture com post (Yang 1994, 2005a). Dur ing the thermophilic
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Fig. 1. The di a gram of acrylic cham ber and gas sam pling on com post plants. (a) Acrylic cham ber, (b) Ar range ment of gas sam pling on com post plants.

(a) (b)



phase with tem per a tures above 60°C, thermophilic micro -

organisms dom i nate, i.e., fun gal pop u la tions de cline (Herr -

mann and Shann 1997). Dur ing the sub se quent mesophilic

stage, actinomycetes re main and fungi re ap pear (Hellmann

et al. 1997). Af ter the eas ily degradable com pounds are me -

tab o lized, the tem per a ture de creases due to heat dis si pa tion

sur pass ing heat pro duc tion (Jäckel et al. 2005). The tem per -

a ture pat terns and com po si tion changes noted were sim i lar

to that in other well known com post plants for boiler (Yang

et al. 2001; Yang and Chen 2003; Yang 2005a) and pile-type

(Ekinci et al. 2000; Fukumoto et al. 2003) com post ing.

3.2 Ef fect of Ac cu mu la tive Time on Meth ane and
Car bon Di ox ide Con cen tra tions and Emis sions

Ef fect of ac cu mu la tive time on meth ane and car bon di -

ox ide emis sions in the closed acrylic cham ber at dif fer ent

com post ing pe ri ods are shown in Ta ble 3, Figs. 2, and 3.

Meth ane and car bon di ox ide emis sions de creased grad u -

ally with the in creas ing of ac cu mu la tive time. Meth ane con -

cen tra tion in creased 4.50 ± 0.37, 11.49 ± 0.17, 1.01 ± 0.02,

0.16 ± 0.01, 0.46 ± 0.07, 0.12 ± 0.04, 0.12 ± 0.03, and 0.30

± 0.01 ppm min-1 for 15 min ac cu mu la tive time over the 1-

to 8-week com post ing pe ri ods, re spec tively; while car bon

di ox ide con cen tra tion in creased 160.7 ± 5.5, 155.1 ± 9.2,

204.0 ± 2.1, 113.9 ± 0.9, 107.7 ± 1.4, 91.7 ± 1.5, 44.6 ± 1.5,

and 41.7 ± 1.0 ppm min-1, re spec tively. Meth ane and car -

bon di ox ide emis sions in creased slightly but with high fluc -

tu a tion when the ac cu mu la tive time was less than 10 min

due to sam pling er ror; how ever, the val ues de creased sig -

nif i cantly when the ac cu mu la tive time was more than 20 min

for the re pres sion of gas emis sion into the cham ber. The ra -

tios of me th ane emis sion for 15 min ac cu mu la tive time to

10 min ac cu mu la tive time were 0.94, 0.97, 0.99, 1.00, 0.98, 

514 Chang et al.



Meth ane and Car bon Di ox ide Emis sions from Com post Prep a ra tion 515

Fig. 2. Meth ane con cen tra tion and emis sion rate with dif fer ent ac cu mu la tive times dur ing com post ing for 1 to 8 weeks. (a) Con cen tra tion, (b) Emis -

sion rate.

(a)

(b)



1.00, 0.92, and 0.94 at 1 to 8 weeks of com post ing, re spec -

tively while the ra tios for 20 min ac cu mu la tive time to 15

min ac cu mu la tive time were 0.94, 0.94, 0.97, 0.94, 0.96,

0.92, 1.00, and 0.97, re spec tively. The ra tios of car bon di -

ox ide emis sion for 15 min ac cu mu la tive time to 10 min ac -

cu mu la tive time were 0.97, 0.99, 1.00, 0.98, 0.97, 0.97,

0.97, and 0.98 at 1 to 8 weeks of com post ing, re spec tively

while the ra tios for 20 min ac cu mu la tive time to 15 min ac -

cu mu la tive time were 0.96, 0.94, 0.93, 0.95, 0.96, 0.94,

0.95, and 0.98, re spec tively.

Thirty min ac cu mu la tive time with a closed acrylic

cham ber was used in paddy fields, wetlands and land fills

with low tem per a ture and low to in ter me di ate emis sion

rates (Yang and Chang 1997; Chang and Yang 2003; Hegde 

et al. 2003); how ever, in com post prep a ra tions with high

tem per a ture and high emis sion rate, 15 min ac cu mu la tive

time was ap pro pri ate for more re li able mea sure ment and

less re pres sion of gas emis sion in the cham ber. The meth ane

emis sion rate de creased 7 - 17% when 30 min ac cu mu la tive 

time was used in stead of 15 min ac cu mu la tive time while

the car bon di ox ide emis sion rate also de creased 7 - 16%.

The fluc tu a tions of meth ane and car bon di ox ide emis sion

rates were high when ac cu mu la tive time was less than 10 min

for sam pling er ror. There fore, 15 min ac cu mu la tive time

was cho sen in this study for prac ti cal de ter mi na tions and

ac cu racy mea sure ments.

3.3 Ef fect of Com post ing Pe riod on Meth ane and
Car bon Di ox ide Con cen tra tions and Emis sions

The ef fect of the com post ing pe riod on meth ane and car -

bon di ox ide con cen tra tions and emis sion rates in the closed

acrylic cham ber are shown in Ta ble 3, Figs. 2, and 3. At mo -

spheric meth ane con cen tra tions were: 17.5 ± 0.1, 22.1 ± 0.6,

9.2 ± 0.1, 7.7 ± 0.0, 5.7 ± 0.2, 6.0 ± 0.0, 5.5 ± 0.2, and 3.4 ±

0.4 ppm at 1 to 8 weeks of com post ing, re spec tively. Meth -

ane con cen tra tions in the closed acrylic cham ber with 15 min

ac cu mu la tive time were: 98.4 ± 2.8, 203.3 ± 2.1, 24.4 ± 0.3,

9.5 ± 0.1, 14.0 ± 1.0, 7.1 ± 0.3, 6.9 ± 0.2, and 6.9 ± 0.1 ppm at 

1 to 8 weeks of com post ing, re spec tively while meth ane

emis sion rates were: 1.90 ± 0.16, 4.86 ± 0.07, 0.43 ± 0.01,

0.07 ± 0.00, 0.20 ± 0.03, 0.05 ± 0.02, 0.05 ± 0.01, and 0.13 ±

0.00 mg m-2 min-1, re spec tively.

Meth ane emis sion was the high est at the 2-week com -

post ing pe riod and de creased sharply af ter 3 to 4 weeks of

com post ing. Meth ane con cen tra tions in the at mo sphere and

in the sam pling cham ber, and the meth ane emis sion rate

reached their peaks near the end of sec ond week due to ac -

tive mi cro bial growth and or ganic mat ter deg ra da tion. The

to tal or ganic car bon con tent was 42.58% at 1 week of com -

post ing, 36.93% at 2 weeks of com post ing, and 34.86% at 3

weeks of com post ing (Ta ble 1). De crease in to tal or ganic

car bon was the high est at the sec ond week of com post ing,
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Fig. 3. Car bon di ox ide con cen tra tion and emis sion rate with dif fer ent ac cu mu la tive times dur ing com post ing for 1 to 8 weeks. (a) Con cen tra tion, (b)

Emis sion rate.

(a)

(b)



which is con sis tent with peak of meth ane emis sion. The pat -

terns of meth ane emis sion were sim i lar to the re ports of

Osada et al. (2000) in the swine waste com post ing pro cess,

Kuroda et al. (1996) and Fukumoto et al. (2003) in swine fe -

ces com post ing and swine ma nure com post ing. Meth ane

emis sion was high dur ing the first pe riod of com post ing and

de creased grad u ally dur ing the com post ing pro cess. Chang -

ing the scale of com post pile was a ma jor cause of the dif fer -

ence in emis sion pat terns. The num ber and size of an aer o bic

sites in side the com post ing ma te rial are ma jor fac tors in

meth ane emis sion. Dur ing com post ing of live stock waste

with out forced aer a tion, an aer o bic sites are es tab lished in

the cen ter of the heap due to less air ex change than in the sur -

face por tions, and a large- scale com post pile will in crease

the num ber and size of an aer o bic sites in the pile (Fukumoto

et al. 2003). There fore, chang ing the scale of the com post

pile and turn ing op er a tions may change the emis sion rates of 

gas eous com po nents.

In the case of car bon di ox ide, at mo spheric con cen tra -

tions were: 732.9 ± 4.4, 745.0 ± 15.4, 760.3 ± 18.5, 579.3 ±

17.2, 557.4 ± 16.8, 471.8 ± 16.8, 392.7 ± 3.2, and 394.5 ±

7.7 ppm at 1 to 8 weeks for the com post ing area, re spec -

tively. Car bon di ox ide con cen tra tions in the closed acrylic

cham ber for 15 min ac cu mu la tive time were: 3132.2 ± 40.3,

3194.1 ± 34.5, 3593.7 ± 31.5, 2339.2 ± 2.0, 2205.0 ± 24.9,

2189.3 ± 30.8, 1082.5 ± 19.4, and 950.7 ± 2.4 ppm at 1 to 8

weeks of com post ing, re spec tively; while, car bon di ox ide

emis sion rates were: 186.8 ± 6.4, 180.3 ± 10.7, 237.2 ± 2.4,

132.4 ± 1.0, 125.2 ± 1.7, 105.5 ± 1.7, 51.9 ± 1.7, and 48.5 ±

1.1 mg m-2 min-1, re spec tively. The in creases in car bon di ox -

ide con cen tra tions prob a bly orig i nated from ac tive mi cro -

bial de com po si tion of eas ily degradable sub strates such as

sug ars and pro teins (Beck-Friis et al. 2001). The car bon di -

ox ide emis sion rate reached its peak near the end of the third

week and then de creased sharply af ter 4 to 6 weeks of com -

post ing be cause of a re duc tion in mi cro bial ac tiv ity due to

lim ited readily avail able degradable com pounds. Car bon di -

ox ide emis sions from com post and stock piled dairy cat tle

ma nure were also high ini tially and de creased with time

(Pattey et al. 2005). The pro duc tion of car bon di ox ide re sults 

mainly from the ox i da tion of eas ily degradable car bon com -

pounds and the ac tiv ity of mi cro or gan isms.

The cor re la tions be tween com post prop er ties and meth -

ane or car bon di ox ide emis sions are sum ma rized in Ta ble 4.

Meth ane emis sion had pos i tive cor re la tion with mois ture con -

tent, C/N ra tio, to tal or ganic car bon, car bon di ox ide emis sion

and tem per a ture; sig nif i cantly neg a tive cor re la tion with pH,

and ash con tent; neg a tive cor re la tion with to tal ni tro gen and

the ger mi na tion rate. Car bon di ox ide emis sion had very sig -

nif i cantly pos i tive cor re la tion with tem per a ture, mois ture

con tent, and to tal or ganic car bon; sig nif i cantly po s i tive cor re -

la tion with C/N ra tio; very sig nif i cantly neg a tive cor re la tion

with to tal ni tro gen; neg a tive cor re la tion with pH, ash con tent,

and ger mi na tion rate. The tem per a ture, mois ture con tent, to tal 

or ganic car bon, and to tal ni tro gen are the ma jor fac tors in flu -

enc ing meth ane and car bon di ox ide emis sions dur ing com -

post ing. To tal ni tro gen con tent, pH, ash con tent and ger mi na -

tion rate had neg a tive cor re la tion with both car bon di ox ide

and meth ane emis sions dur ing com post ing. There fore, ad just -

ment of the ap pro pri ate C/N ra tio may shorten the ma tu rity

pe riod of com post ing and re duce the car bon di ox ide and

meth ane emis sions dur ing com post ing. Car bon di ox ide emis -
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sions from com post ing and stock piled ma nure were also pos i -

tively cor re lated with ma nure tem per a tures, which were higher 

than am bi ent tem per a tures (Pattey et al. 2005).

Pearson cor re la tion co ef fi cients be tween car bon di ox ide 

emis sion and com post tem per a ture, mois ture con tent and to -

tal or ganic car bon were 0.921, 0.907, and 0.846, re spec -

tively. The re la tion ships be tween car bon di ox ide emis sion

and tem per a ture, mois ture con tent, to tal or ganic car bon by

ANOVA and the mul ti ple re gres sion meth ods re vealed that

car bon di ox ide emis sion (y) was sig nif i cantly re lated to tem -

per a ture (x1), mois ture con tent (x2), and to tal or ganic car bon

(x3). The re gres sion equa tion is: y = 3.11907x1 + 6.19236x2 - 

6.63081x3 - 50.62498. A co ef fi cient of mul ti ple de ter mi na -

tions (R2), 0.965, sug gests that cor re la tion ex ists be tween

the com post qual ity pa ram e ters and the car bon di ox ide emis -

sion. The sig nif i cance level (0.0023) of the F test in the

ANOVA ta ble was lower than a of 0.05, which in di cates that 

the com post prop er ties should have a re gres sive cor re la tion

with the car bon di ox ide emis sion. The In de pend ent-Sam ple

t tests were also used to as sess the sig nif i cance of the co ef fi -

cients be tween the means of two in de pend ent sam ples. A

com mon rule of thumb is to drop the vari able from the equa -

tion if its sig nif i cance level (p value) is at � 0.05. Ex tra sam -

pling data were col lected to ex am ine the fea si bil ity of the de -

vel oped mul ti ple re gres sion equa tions. The re sults in di cate

that the car bon di ox ide flux from var i ous sam pling sites was

con sis tent with the sim u la tion equa tion, and with a max i mal

de vi a tion of 12.84%. The same method was also ap plied to

the re la tion ships be tween meth ane emis sion and mois ture

con tent, to tal or ganic car bon and C/N ra tio. A co ef fi cient of

mul ti ple de ter mi na tions (R2), 0.696, sug gests that a cor re la -

tion ex ists be tween the meth ane emis sion and the com post

qual ity pa ram e ters. How ever, the Pearson cor re la tion co ef fi -

cient be tween meth ane emis sion and com post pa ram e ters

were lower than 0.7. The sig nif i cance level (0.1546) of the F

test in the ANOVA ta ble was higher than a of 0.05, in di cat -

ing that the meth ane emis sion was not re lated to com post

prop er ties in all stages. Meth ane emis sion was high in the

ini tial stage of com post ing and then de creased sharply. The

re gres sion equa tion be tween meth ane emis sion (y’) and

mois ture con tent (x2), pH (x4), C/N ra tio (x5), and ash

content (x6) is: y¢ = 0.13225x2 - 0.97046x4 - 1.10599x5 -

0.55220x6 + 50.77057 in the ini tial com post ing stage (weeks 

1 to 3); while, the equa tion is: y¢ = 0.02824x2 - 0.0037x4 -

0.1499x5 - 0.07013x6 + 4.13589 in the later com post ing

stage (weeks 4 to 8) with a max i mal de vi a tion of 16.25%. In

this study, the ex per i men tal re sults sug gest that the emis -

sions of car bon di ox ide and meth ane from com post can be

pre dicted us ing the re gres sion equa tions de vel oped here.

More over, green house gas emis sions may be re duced by ma -

nip u lat ing the ap pro pri ate fac tors.

In Tai wan, there were 55 com post plants with au to matic

turn ing op er at ing once ev ery 3 - 4 days for live stock ma -

nures, ag ri cul tural wastes and food pro cess ing res i dues

treat ment. Each year 8.0 ´ 105 ton of wastes are treated and

4.0 ´ 105 ton of com posts are pro duced for ag ri cul tural use

(Coun cil of Ag ri cul ture/Tai wan 2007). There is po ten tial for 

mit i gat ing meth ane and car bon di ox ide emis sions dur ing

com post ing. Strat e gies to re duce meth ane and car bon di ox -

ide emis sions may be ori ented to ward: (1) ad just ment the ap -

pro pri ate C/N ra tio of raw ma te ri als, (2) ad just ment the ap -

pro pri ate mois ture con tent with bulk ing ma te ri als, and (3)

in creas ing meth ane ox i da tion with ap pro pri ate turn ing op er -

a tions and aer a tion. Re duc ing of green house gases emis -

sions could be achieved through the ad just ment of mois ture

con tent and the C/N ra tio of the sub strate, ap pro pri ate turn -

ing op er a tion and aer a tion dur ing the com post ing.

In con clu sion, com post ing func tions as a bioreactor to

con trol and man age the biodegradation of or ganic ma te ri als.

Es ti ma tion of green house gas emis sions as so ci ated with

live stock ma nure and ag ri cul tural waste han dling re quires

the mea sure ment of emis sion rates dur ing treat ment. The ap -

pro pri ate ac cu mu la tive time for the mea sure ment of meth -

ane and car bon di ox ide emis sions with a closed acrylic

cham ber was 15 min. Meth ane and car bon di ox ide emis -

sions had high val ues at the first stage of com post ing and

then these de creased grad u ally to wards the ma tu rity of com -

post. Ad just ments in the ap pro pri ate C/N ra tio and mois ture

con tent of raw ma te ri als may shorten the ma tu rity pe riod of

com post and re duce the car bon di ox ide and meth ane emis -

sions dur ing com post ing.
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