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Production of Pellet Fertilizer from the Sludge of Thermophilic
Aerobic Oxidation System and Its Effects on the Growth of
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Summary

A solid of Thermophilic Aerobic Oxidation(TAQ) System was mixed with sawdust or a rice husks.
After fermentation was finished, molding machine and a dryer were used, and pellet fertilizer was
produced. The fertilizing experiment was carried out as five pieces by Bed soil, TAO solid(TAO-S),
TAO pellet fertilizer(TAO-PF), Chemical fertilizer(NPK) and Control(no fertilizer). Growth rate of the
Chinese cabbage by each treatment was examined. Analysis of microbe and soil characteristic before
and after crop experiment were carried out.

When the moisture contents of TAO-PF were 18% and 25%, the occurrence rate of microbes for
the storage time was increased to 80% and 100% respectively. However, in the 12% of water gontent
treatment was not increased microbes. The concentration of soil bacteria in TAO-PF and TAO-S for
15 day after treatment was 1.5 x 10’ ~8.0 x 10’ CFU/m¢{, and the concentration of bacteria for 50 day
was increased to 6.3 x 10’ and 8.3 x 10’ CFU/m£. However, Fungus decreased. The concentration of
Actinomycetes was increased in TAO solid, Bed soil and TAO-PF treatment. The TAO-S and TAO-PF
treatment were normal to compare to the NPK treatment. In this experiment the height and width of
the Chinese cabbage were 22.3 cm, 16.8 cm in Bed soil and 28.8 cm, 21.3 cm in TAO solid. The
leaf number of TAO-S, TAO-PF and NPK treatment were similar to 39.8, 38.3, 40.3 sheet. As the
result, the TAO-PF knew that use was possible with fertilizer.

(Key words : Pellet fertilizer, Bacteria, Chemical fertilizer, Crop, Soil characteristic)

INTRODUCTION livestock manures) are a valuable source of plant
available nutrients and organic matter, contribu-
Organic manures(including sewage sludge and  ting to soil quality and fertility, and recycling to
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agricultural land is often the most economic,
practical and environmentally beneficial manage-
ment option. Manure from animal waste has been
widely used as an important material for soil
improvement, but as the scale of livestock farm
is expanded, the production of animal waste has
been increased and the restoration of farmland
within a region has become difficult. While envi-
ronmental problems including underwater pollu-
tion are coming up to the surface because of
overuse of manure from animal waste. However,
fertilizers currently used are not clear in its
quality and effects, and also have large volume
due to high moisture content and need special
equipment to spray. These are limiting factors in
the distribution and the use of fertilizers. Mold-
ing technology helps to make fertilizer into
pellets and is being noticed as a measure for the
promotion of wide distribution and use of fer-
tilizers, because it can greatly improve defects of
the existing fertilizers such as wide transport,
storage, and machine spreading(Hara et al., 2003a,
b; Matsumoto., 1999).

The content of molded pellet is compressed
down to 50 ~ 80% of original fertilizer, and this
reduction of volume is very convenient in trans-
port and very cost-effective in wide distribution
of fertilizers. Also, it takes less space in live-
stock farm for the storage during the low-demand
period. In particular, molded fertilizer has enough
strength for machine spreading and has relatively
good particle size and quality, thus it can be
applied to various fertilizer spreader that crop
farmers have and possible to spread near resi-
dential area because the dust production is inhib-
ited. In addition, it has a variety of use not only
for the source of organic fertilizer in farms but
also in urban landscape, golf course, afforestation,

and home gardening.

The nutrient value of organic waste is consid-
ered to be moderate, although the variation in
waste quality is large dependent on waste type
and processing method(Simith et al., 1998; Ushio
et al, 2004). The principal requirement of com-
post for safe application in soil is its degree of
stability or maturity, which implies stable organic
matter content, and the absence of phytotoxic
compounds and plant or animal pathogens(Bernal
et al,, 1998; Matsuda et al., 1996; Gomez, 1998).
Lee et al.(2004), reported that Thermophilic Aer-
obic Oxidation(TAO) system is a biological fer-
tilizer system that can treat all kinds of organic
waste at high temperature over 55C and has
excellent effects in the production of liquid
fertilizer without any trace of microorganisms, the
reduction of slurry volume, and the elimination
of foul odor included in pig waste slurry.

We manufactured pellet fertilizer by mixing
solid material treated with this effective TAO
system and rice husks as bulking agent and then
investigated the effect of moisture content on
storage, the growth of Chinese cabbage by using
pellet fertilizer and the change in soil properties.

MATERIAL AND METHODS

1. Production of pellet fertilizer

Solids Content(SC) and Moisture Content(MC)
of sludge treated with TAO system were 5% and
95%, respectively; SC and MC of rice husks
added with bulking agent were 80% and 20%,
respectively. The mixing ratio from each was 50 :
50(weight). Microorganism for fermentation was
added to the mixture(SC 30%, MC 70%) and
fermented for 3 weeks. Fermented manure(SC
47%, MC 53%) was ventilated for 1~2 days,
and then manufactured into oval or round particle
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Function Process
Function Production of TAO solids Composting Solid 50 + 400
TAO Solid
l wab) Rice Husks Water 950 + 100
Adjustment of moisture content and Mixture agitator Total 1,500 kg
fertilizer nutrient balance 9
J Solid 450 kg
Production of high-quality compost Fermentation @ | Fertilizer Water 507 kg
J Total 957 kg
Production of compost pellets Molding Machine
|} Solid 450 kg
. Pellet 1
Prevention of deterioration in quality Drier =P | Fertilizer Water 61 kg
T Total 511 kg
Sotorage Reduction rate of volume : 66.0%

Fig. 1. Flow chart of pellet production.

feriilizer using pellet machine. Pellet fertilizer
was air-dried at about 40°C in the oven for 2~4
days to control the moisture content as 12, 18,
and 25%. Then it was stored air-tight at room
temperature(20 ~ 307C) in the dark and measured
at 10 day intervals. Fig. 1 showed the manu-
facturing process and the function of pellet fer-
tilizer. A chemical characteristics of the TAO-S
used in the experiment are listed in Table 1.
Contents of nitrogen, phosphorus, potassium, and
organic substances of TAO-S were 2.54, 15.35,
0.55, and 26.27%, respectively, which were ap-
propriate for the standard of fertilizer process.
TAO-PF was made by mixing TAO-S and rice
hull with the ratio of 50 : 50(weight).

Table 1. Chemical characteristics of the TAO-
S used in the experiment

pH g KO EC
(1:10) TN | POs (%) oM mS/cm)
8.87 | 2.54 | 1535 | 0.55 [26.27| 042

2. Plant growth

Winter Chinese cabbage was used as exper-
imental crops. Soil was clayish and infertile with
bad drainage, which became better with a grade

of ground. Chinese cabbage was grown for 30
days using 105-holes growing seedling tray. Fer-
tilization was performed on the basis of 32-8-20-
100-1(N-P-K-Ca-B) kg/10a; 11-8-10-100-1 kg/10a
was spread as base manure and then spread 1~3
times as top manure. Treatment groups were
divided as Bed soil, TAO solid (TAQ-S), TAO
pellet fertilize TAO-PF), Chemical fertilizer(NPK),
and Control, and the test were repeated 3 times.

3. Microbial analysis

In the microbes analysis, a medium used for
bacteria analysis was nutrient agar medium(Difco,
USA); it was cultured 24 hr for 37°C. Bennett's
medium(glucose 10 g, peptone 2 g, yeast extract
1 g, beef extract 1 g, distilled water 1,000 md,
Difco, USA) and PDA medium(Potato Dextrose
Agar, Difco, USA) were used for Actinomycetes
and a Fungi analysis, it was cultured 5 day for
28T. The culture was performed by the dilution
plate method and counted as colony forming
units(CFU) after measuring a colony generated on a
medium. Each sample dilution was in three
replicate plates. Microbes in soil samples were
evenly extracted by mixing 1g of collected soil and
0.85% NaCl with the ratio of 1:9 for 30 minutes.
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4. Analysis of soils

Soil samples were collected from ¢~ 10 cm
depth at mineral soils in each port. Before anal-
ysis, soif samples were ground and passed through
a 2 mm sieve. The pH and electrical conduc-
tivity(EC) were measured in a 1:5(soil : water)
aqueous extract. Total nitrogen content in soil
was determined by the regular Kjeldahl distilla-
tion method. Awvailable phosphorous was deter-
mined calorimetrically by molybdate blue method.
Exchangeable Ca, Mg and K were extracted from
soil with IN CHyCOONH, buffered to a pH of
7.0, and it was determined by Inductively Cou-
pled Plasma Spectrophotometer(ICP, SPECTRO
CIROS CCD).

RESULTS AND DISCUSSION
1. Moisture content experiment

The moisture contents of TAO-PF made of
TAO-S and rice hulls were 12, 18, and 25% and
the result of storage test(rate of mold production)
was shown in Fig. 2. For the 12% moisture
content, no mold was observed between 10~50
days; but for the 18% moisture content, 2% of
mold was observed afier 10 days and 50% afler
40 days, showing faster development of mold as
time passed. This tendency was more obvious in
the 25% moisture content showing 22% of mold
after 10 days but increased to 55% afler 20 days
wd 88% after 30 days, and completely covered

ith mold after 40 days.

“omposting is seen as an environmentally ac-
able method of waste treatment. The process
es the volume of waste and improves the

of the waste. It also makes animal waste
‘0 handle and transpori(Liac er al, 1994a,
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Fig. 2. Comparison of occumence rate of
bacteria by difference of moisture
content.

b; Kashmanian and Rynk, 1995; Georgacakis et
al., 1996). Heo and Jeong(200la, b) reported that
liquid fertilization and solid fertilization + liquid
fertilization are the most economic methods among
various treatments for animal wastes in pork
farms, and that the stabilizing quality and ap-
plication of fertilizer should be easy for the
activation in the use of fertilizer. TAO-PF is a
fertilizer made from solids, which were produced
after animal waste treatment, by mixing with rice
hull as a bulking agent in the TAQO system in
which 30-60%
production of safe liquid fertilizer without any

of volume reduction and the

trace of microbes are possible in the treatment of
We obtained about 66.0% of
reduction in volume in the manufacturing process
of TAO-PF through fertilization treatment. Hara
et al{2003a), reported that as for the pellets
which were molded under the optimum moisture

animal waste.

conditions, a remarkable deterioration in appear-
ance was observed because of the proliferation of
the filamentous bacteria. The deterioration of
quality by the proliferation of such microor-
ganisms can be prevented by drying the pellets
to reduce the moisture to 0.15 kg/hkg or less.
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And about 2 hr of drying ventilation is necessary
in order to reduce the moisture of the products
to 0.15 kg/kg where a long storage is possible.
From the above results, it is considered that the
distribution to distant places and the storage are
possible because there were no changes in quality
when stored with 12% of moisture content for

long period of time.

2. Change of a soil characteristic and
Growth rate of Chinese cabbage

Physicochemical properties of soil after 5 days
of planting and after harvesting Chinese cabbage
were shown in Table 2. The pH after 5 days of
planting was 6.6 ~7.3 showing that the soil was
normal, and the EC content was 0.10~1.10
mS/cm showing that it did not affect the growth
of crops even though the difference among treat-
ment groups were great. The N-P-K-Ca-Mg con-
tent seemed to directly affect the growth of crops
due to the difference following each treatment. In
nitrogen content that greatly affects the initial

growth, the value of TAO-S was 0.27%, which
was twice as much as other treatment groups and
about 3 times as much as 0.10% of control
group. This tendency was similar in calcium con-
tent. In case of phosphorus, the value of TAQ-S
was 1.04%, which was slightly higher than other
treatment groups. The contents of K and Mg
were not much different among treatment groups.
These differences in N, P, and Ca brought the
difference among treatment groups, except the
NPK, in the initial growth of Chinese cabbage.
The excellent initial growth in NPK was due to
the fast absorption of nutrients because they are
water-soluble, but solid materials such as manure
had relatively slow absorption following the deg-
radation of organic substances. Thus, if treated
on the basis of chemical fertilizer standard, it is
considered that about 30% of fertilizer contents
were lacked in the first year. The pH of soil
after 50 days of planting was 6.2~ 7.6, showing
that it was normal in most treatments, but slight-
ly changed to acidic pH of 6.2 in NPK. The EC
contents in TAO-S and NPK were 0.31 and 0.19

Table 2. Comparison of soil component for five and 50 days after planting by different type of

fertilizer

N EC N P | K | ca | Mg

Fertilizer pH

mS/cm %

Control 6.9 0.10 0.09 0.09 0.29 0.38 0.34
After NPK 7.0 0.30 0.12 0.11 0.28 043 0.36
5 Bed soil 73 0.20 0.13 0.11 0.29 045 0.34
Day TAO-S 73 1.10 0.27 1.04 0.27 1.24 0.57
TAO-PF 6.6 0.20 0.15 0.10 0.34 0.31 0.33
Control 7.6 0.04 0.108 0.091 024 0.40 0.29
After NPK 6.2 0.19 0.125 0.091 0.24 0.33 0.29
50 Bed soil 7.3 0.05 0.111 0.089 0.27 0.37 0.28
Day TAO-S 6.7 0.07 0.109 0.087 032 032 0.30
TAO-PF 7. 0.06 0.137 0.092 037 0.35 0.32

C; no fertilizer, NPK; chemical fertilizer, Bed soil; general manure, TAO-S; internal sludge which occurred after

treating a pig slurry by TAO system, TAO-PF; TAO solid 50% + Rice husk 50%, respectively.
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Table 3. Comparison of growth rate of Chinese cabbage for 50 days after planting by

different type of fertilizer

Fertilizer Survival rate (%) | Height (cm) | Width (cm)| Leaf number sheet Leaf color
Control 90 20.2 15.5 343 2
NPK 96 29.5 213 40.3 4
Bed soil 90 223 16.8 343 3
TAO-S 100 28.8 21.3 39.8 4
TAO-PF 98 254 19.8 383 3

C; no fertilizer, NPK; chemical fertilizer, Bed soil; general manure, TAO-S; internal sludge which occurred after
treating a pig slurry by TAO system, TAO-PF; TAO solid 50% + Rice husk 50%, respectively.

mS/cm, respectively, which were higher than other
treatment groups but insignificant to the growth
of crops. Contents of N, K, and Mg were 0.11 ~
0.14%, 0.24 ~0.37%, and 0.28 ~0.36%, respective-
ly, showing very small difference by treatments.
In Table 3, the growth of Chinese cabbage
according to different types of fertilizer treatment
was compared. NPK and TAO-PF showed the most
growth, and TAO-S and Bed soil were the average,
and the control group showed the least growth. In
case of TAO-PF, height, width and number of
leaves were 29.8 cm, 222 cm and 41.4 leaves,
respectively, showing the most growth; NPK and
TAO-S were 29.5 c¢m, 21.3 c¢m, and 40.3 leaves
and 288 ocom, 213 cm, and 398
respectively, showing the average growth. However,
Bed soil and Control were 223 c¢m, 16.8 ¢m, and
343 leaves and 20.2 cm, 15.5 cm, 34.3 leaves,

leaves,

respectively, showing the least growth.

Soil quality is the term currently being used to
describe the health of agricultural soils. The
researchers proposed a suite of soil attributes
(indicators) that could be used to describe soil
quality(i.e.,
properties). The most desirable attributes are

physical, chemical, and biological
those that are sensitive to short-term changes in
soil or crop management practices. Soil physical
properties are indicators of the impact of soil and

crop management practices(Doran et al, 1994,

Gregorich et al,, 1994). Evaluation of pH, EC,
and total N contents of soil is deemed essential
for assessing chemical aspects of soil quality.
The chemical aspects are important because they
provide a measure of the ability of soil to supply
nutrients and to buffer against chemical additives
of amendments(Campbell et al, 1991; Churchman
and Tate, 1987; Tisdall and Oades, 1982). In
growth rate of Chinese cabbage, the reason that
growth rate of TAO-PF is lower than NPK and
TAO solid is because the nutrients of NPK was
able to easily absorb crops as a water-soluble.
But TAO-PF was slow in its degradation and
only about 70% was absorbed during the growth
of crops. Particularly when fermentation is in-
complete, these phenomena will become greater.
Therefore, it is considered that when using
particle-type fertilizer, it should be supplemented
with particle-type solids + top manure(about 30%)
after soil examination and then gradually reduced
its amount each year if continuously tested on

the same place.

3. Change of soil microbes

Microflora changes after 15 days of planting
and after harvesting Chinese cabbage were shown
in Table 4. It is generally known that there are

0.1 ~1.0 billion microorganisms and pathogenic
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Table 4. Comparison of soil microbes for 15 and 50 days after planting by different type of

fertilizer
15 day, CFU/m{ 50 day, CFU/m{

Fertilizer Bacteria Actinomycetes Fungi Bacteria Actinomycetes Fungi

10’ 10* 10° 10’ 10* 10°
Control 40 8.0 ND 3.0 4.0 1.5
NPK 2.5 12.0 ND 22 6.2 2.5
Bed soil 35 5.0 20 42 12.0 0.52
TAO-S 8.0 6.0 9.0 83 30.0 0.72
TAO-PF 1.5 20.0 220 6.3 53.0 45

C; no fertilizer, NPK; chemical fertilizer, Bed soil; general manure, TAO-S; internal sludge which occurred after

treating a pig slurry by TAO system, TAO-PF; TAO solid 50% + Rice husk 50%, respectively.

bacteria in soil. There are fungi that can develop
damages in plants and Actinomyces, a kind of
probiotics, that can inactivate these fumgi, and
bacteria that improve soil aggregates and live by
micro-degradation. In Table 4, changes of these
soil bacteria were well presented. The range of
bacteria by treatment blocks after 15 days of
planting was 1.5 x 10’ ~8.0 x 10’ CFU/m¢, but
decreased from 2.5 x 10’ CFU/m& and 4.0 x 107
to 2.2 x 10’ CFU/m¢ and 3.0 x 10’ CFU/m{ after
harvesting in the NPK and the control, respec-
tively. It was similar in case of Actinomycetes,
and decreased from and 1.2 x 10° CFU/m¢ and
8.0x 10" to 62 x 10* and 4.0 x 10 CFU/m¢ re-
spectively. But in case of Fumgi, it was not
detected in early pericd but increased to 2.5 x
10° and 1.5 x 10> CFU/mL.

The microbial distribution in soil has been
explained by the content of clay and organic
matter. The close relationship between microbes,
organic matter, and clay for the survival of mi-
crobes, where organic matter provides the sub-
strate and clay surfaces act as a nutrient supply,
has been pointed out(Van et al, 1996). Decom-
position is an important determinant of soil fer-
tility and is, therefore, of considerable importance
to agriculture. The primary decomposers of or-
ganic matter in the soil are fungi and bacteria,

of which Fseudomonas and actinomycetes(Lacey,
1973; Chatterjee and Nandi, 1981) are two of the
most important groups of soil bacteria. Acti-
nomycetes make up a significant part of the soil
microflora. They are major decomposers of com-
plex polymers such as lignocelluloses and chitin,
and may inhibit or lyse soil fungi(Goodfellow
and Williams, 1983). Soil actinomycetes have var-
ying degrees of inhibitory activity against specific
fungi or generally reduce soil fungal populations
(Keast and Tonkin, 1983; Friedman et al., 1989;
de Boer et al, 1998; Valois et al, 1996; El-
Tarabily et al., 2000). At Table 4, the Control
and the NPK decreased rapidly if they conducted
a rate of Actinomycetes:Fungi(A/F rate). However,
the A/F rate of TAO-S, TAO-PF and the Bed
Soil were increased considerably. The greater A/F
ratio, that is the more Actinomyces, means that
the bacteriostatic property of soil is improved and
the damage to roots by fumgi is decreased. The
reason is that Actinomycetes have the ability to
chemical substances that
inhibit bacterial growth.

produce antibiotics,

CONCLUSIONS

We treated pig slurry using TAO system and
then added rice husks as a bulking agent to
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these solids produced after the treatment to make
TAO-PF. Then effects of TAO-PF on crops and
changes of soil characteristics were investigated.
The result showed that the proper moisture
content of TAO-PF with even nutrients contents
was 12% for long-term storage life. In the
growth of Chinese cabbage, TAO-PF showed
better growth than Bed soil sold in the market
and Control group with no fertilizer, and similar
to that of NPK. Also, it is expected to have
substitution effect for chemical fertilizer because
it showed better results in changes of soil char-
acteristics than NPK after growing Chinese cab-
bage. However, it is considered that it is supple-
mented by top manure during the growth period
of crops and also its amount should be decreased
by year if it is applied to the same place over
and over because TAO-PF is slow in degrading

organic materials.

5 g

R2Z7A LB ZI(TAO system)2 L& A
g JERF=IYES FUY AR XS
H BAPYAZFAE o)Lt HAY v|8 & Ax
3tk Azd " 8| S(TAO-PF)S Hlgo] &
A& AE3] 3t wlFE o] &3ty XA
H4g ANdgen, 3 F AS5F YL EUY
AE, o3}ty Hsls EAddth AS4d¥e
A Y| E(TAO-PF)E XT3t Al JEBed
soil), 2R 1% E(TAO-S), &3 E(NPK), T4
FUEHZE U5o Adgsiddh. Axd 21
HAY(TAO-PF)e] F2AFAHL uAEo ZF4
Ago R Hol & FFo] 18%, 25% A+
Hoe 12% 277 4% 202 AdHY|
o} Bl FE o]§8 Z AHITFAMY AKH3F
Az}, EGMFe] Ws= TAOPF 2|77} NPK,
FHlgF 2o HAUF S8 AgE B
fgon, 53 WA Fiek AMdEe ZAa

42 NPK, Fulg HgTo] H3 TAO-S,
TAO-PF Azg|FolA #Aste] #a1PES] E
FAHZE EGAEAS sl ol 2R A
o2 yetyt. 2 A54ES 34 wFy ¢
I, FE, 44 502 Ho} TAO-S, TAO-PF A
g7 47 g, ABLE AZTE o
A Us o2 Budnh

(AAGo] : Heulg, EYUAE, sehg,
AEAS, EGol33d)
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