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ABSTRACT
Firstly, we have developed a new drying system of the sewage sludge cake, which is rapidly dehydrated using
waste edible oil as a heating medium (100C) under a reduced pressure (-370mmHg) in a cooker. Secondly,
using the dried sewage sludge produced by this system, the experiments on rice growing which aim to realize
conservation agriculture have been carried out at the same paddy field for three years. It was obtained that the
dried sewage sludge was almost equal to the chemical fertilizer on yield and quality of the rice by appropriate
fertilization and ecological weed control using Pomacea canaliculata.

INTRODUCTION
It is essential to reduce the generation amount of the sewage sludge for the ecosystem
conservation. However, the generation amount of the sewage sludge increases more and
more with expansion of various sewerage systems such as a regional sewerage system and
increase in advanced treatment plant and processing system. In Japan, the amount of the
municipal sewage sludge reached 85.5 million tons and the 30% of it were recycled in
1996. As a farmland utilization of the sewage sludge, composting use and direct use are
mainly carried out. The distribution quantity of the only dried sewage sludge as fertilizer
or soil improvement material is more than that of the sewage sludge compost. However,
it is somewhat difficult to use the dried sewage sludge because of instability for the crop
growth. The purpose of this study is to construct rice cropping for conservation agriculture
in using the dried sewage sludge produced at the high efficiency for the fertilizer.
MATERIAL
The authors have developed a new drying system of the sewage sludge cake as shown in
Fig.1, which is rapidly dehydrated using waste edible oil as a heating medium (100C)
under a reduced pressure (-370mmHg) in a cooker (Nakazono et al., 1999). The volume
and weight of sewage sludge decrease in about one-fifth of the initial dehydrated sludge
cake. The dried sewage sludge using the system has following advantages; granular
material with the easy handling, the stable water content of 3 to 6%, disappearance of raw
sludge smell, sterilization, preservation of nutrients and organic matter, and the
remarkable oil content of 25 to 30% due to the adsorption of edible oil. A practical plant
with the capacity of 90t/day was constructed in Fukuoka Prefecture in 2001.
Main components of the drying sewage sludge produced by this system are shown in
Table 1. The components satisfy the recommended limits in the standard for sludge
manure in Japan presented as a reference. The concentration of organic toxic substances
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Fig. 1.

Flow diagram of the sludge drying system.
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in the leachates obtained from elution tests and the mass concentration of heavy metals
were less than the tolerable limits in the regulated standard for manure. The physical and
chemical properties of the soil which mixed the dried sewage sludge have already been
reported (Chikushi et al., 2000, Ohtsubo et al., 2000).
METHODS
Using the dried sewage sludge produced by this system, the experiments on rice growing
which aim to realize conservation agriculture has been carried out at the same paddy field
of Kyushu University Farm since 1999. Paddy rice (Oryza sativa L. cv. Hinohikari) was
cultivated by the standard method in northern Kyushu, Japan. Three groups of treatments,
i.e. the cultivation with chemical fertilizer (CF), the dried sewage sludge containing the
Table 1. Chemcal analysis of the dried slewage sludge used

Fig.2.

Pomacea canaliculata eating
small paddy plants.

* Recommemded standart for organic manure quality (Notification
by Ministry of Agriculture, Forestry and Fisheries, Japan.

equivalent nitrogen (SS), and the multiple use of the dried sewage sludge (2SS), were
designed and duplicate plots were prepared for each group. No agricultural chemicals
such as herbicide and insecticide were used for each plot over the cultivation period every
year. The ecological weed control using the habit of Pomacea canaliculata (Fig.2)
recognized as vermin against paddy rice was adopted. Pomacea canaliculata was made to
eat only the weed by the water depth control after rice transplanting. By this method, it
was possible to carry out the weed control almost perfectly. Only in 1999, the production
of the rice was considerably low, since the sunshine hours were insufficient.
RESULTS AND DISCUSSION
The rice yields with their components of 1999 to 2001 rice cropping are shown in Table
2. On brown rice, the yields were heavy in order of CF, SS, 2SS. Though the crop situation
of SS was good, the yield of it did not reach that of FC. On the yield components, the
percentage of ripened grains and the thousand-kernel-weight of FC were a little bigger
than those of SS, and considerably bigger than those of 2SS, respectively. In the typical
case of 2SS, the superfluous nitrogen component caused the non-bearing tiller, the
percentage of ripened grains lowered, and the growth of the grain was prevented.
Therefore, it is very important to consider the quantity and timing of the fertilization of
the dried sewage sludge.
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Table 2. Yield of paddy rice in 1999 to 2001

Table 3. Chemical analysis and quality of rice in 1999 to 2001

The quality indices of the brown and milled rice of 1999 to 2001 annual productions are
shown in Table 3. Several external and internal qualities of rice were determined using
three kinds of measuring instruments, K-AS100 (Kubota Co.), RS-2000 (Shizuoka Co.)
and C-300 (Kett Co.). The following were measured by the near infrared analysis:
Moisture content, protein, and amylose, which seriously affect the taste and food feeling
of the rice. The taste value was calculated by the multiple regression using these measured
values. Generally, the taste and food feeling of the rice are better, as both the protein
content and the amylose content are lower. As an index of total evaluations, the taste
values of the milled rice were almost same for CF and SS. On the other hand, the value
was low for 2SS. It is considered that the low value was occurred due to the increase in
the protein content by the nitrogen overdose. As a reference data, the taste values of the
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rice in organic farming are shown in Table 3. The taste value of the rice in the organic
fertilizer cultivation was the highest of all, and the value in the dried sewage sludge
fertilizer of equivalent nitrogen was almost equal to the value in the chemical fertilizer. It
was proven that the dried sewage sludge was useful for the cultivation of the rice plant by
the experiment for three years.
CONCLUSIONS
It was obtained that the dried sewage sludge processed by the developed system was
useful as an organic fertilizer for the paddy rice growing by considering the quantity and
timing of the fertilization. By the ecological weed control using the habit of Pomacea
canaliculata, furthermore, it was possible to realize the paddy rice cultivation without
chemical fertilizer and agricultural chemicals.
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