BRI (Japanese Journal of Farm Work Research) 42 (4) : 189~198, 2007

Original Paper

An Evaluation Method for Various Recycled Organic

Materials Using a Self-Organizing Map

Seishu Togo*, Shiho OcHiar**, Haruo TANAKA®,

Sohzoh Suzukr* and Kengo WATANABE*

* Institute of Symbiotic Science and Technology, Tokyo University

of Agriculture and Technology

** Bureau of Waterworks, Tokyo Metropolitan Government

H iRk b~ v 7% O 7 2GR B Y O RRtEE Oty

BGE T - EAER - Hrpiaks - IRAI=> - B
* R TR R BB BN T
= WU KIE R

1. Introduction

Various kinds of organic wastes like sewage
sludge, food scraps and kitchen garbage, in
addition to animal manure and food process-
ing residue have recently been promoted for
recycling. In the recovery treatment of these
organic wastes, some new methods such as
carbonization, gasification and thermal decom-
position have been developed. Although the
variety of applications for produced recycling
materials have also gradually increased, the
main use is expected to be in agriculture as
fertilizer and soil amendment.

In the fertilizer control act in Japan, the com-
posted and dried sludge of sewage is classified
as normal fertilizer, whereas compost from live-
stock excrement has been classified as special
fertilizer. Manufacturers have an obligation to
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express the chemical and nutrient component
of the produced material. For fertilizers from
sewage sludge, they also have a duty to assay
the injuries when they are used with young
plants. In general, the rate of application of
fertilizers for recycled organic materials is in-
dicated by the content of nitrogen, phosphorus
and potassium, and with C/N ratio or pH. It is
difficult to actually estimate the quantity of ef-
fective nutrients which will be obtained in the
field since the degradation and mineralization
rates of the recycled organic materials are in-
fluenced by the soil and the weather condi-
tions. The fertilizer nutrient remaining in the
field will change with the absorption rate of
the nutrient by the cultivated crops. It has been
indicated that the effects of the organic ferti-
lizer cannot be discussed with only the results
of a single year cultivation test. For example,
Kuboi et al. (1995) reported that long-term con-
tinuous test under crop cultivation is indispen-
sable for judging the effectiveness of sewage
sludge. Yasuda et al. (2003) asserted that com-
post application of 20 t/ha every planting is ne-

cessary for soil productivity maintenance. Since
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so many years and costs are necessary to pro-
duce results of continuous cultivation tests, it
is hoped that features of the recycled organic
materials can be shown by more convenient
tests.

The evaluation methods for recycled organic
materials have been examined by many re-
searchers. Some typical methods of evaluation
for recycled organic materials are supposed,
such as the concentration of nutrient compo-
nents, the ripeness of humus, young plant tests
and so on (Matsunaka, 2003). Excess amounts
of recycled organic materials are often applied
to fields because decomposition and minerali-
zation go on very slowly and little effect ap-
pears in the nutriment for crops. It also causes
environmental problems. There are reports
which show environmental influence such as
changes in ammonia volatilization (Misselbrook
etal., 2001) and in quantities of effluent and leach-
ing from spread compost in a field (Couillard
and Li, 1993).

What kind of view point should be impor-
tant for the evaluation of recycled organic ma-
terials in reconstructing the recycling society?
How should communications between the manu-
facturer and the user of the recycled organic ma-
terials be framed? Especially, the users of the
recycled organic materials have strong interests
in the qualities of recycled organic materials and
aspire to understand not only their component
data but also their effect on fields and on crop
growth. Evaluation of the fertilizers’ components
in the crop and the components which remain
behind in the soil is necessary for comprehend-
ing their effect on cultivation. Results obtained
by a cultivation test are reported in tables and
figures to describe agronomic properties of the
recycled organic materials. The method of prin-
cipal component analysis (PCA) is a powerful
statistical method to understand such multi-
dimensional information as mentioned above.
A map of the principal component score calcu-
lated by PCA can show the total characteristic

of individual recycled organic material visu-

ally. The principal component score, however,
is likely to be the same value and the materials
can not be distinguished adequately.

The Self-Organizing Map (SOM) is a visuali-
zation technology for multidimensional infor-
mation systematized by Kohonen (1995), and
since improved by many researchers. SOM uses
the similar way as PCA in the local process of
sorting. In SOM, an individual material is ex-
pressed by a unit and illustrated by a small
circle or a honeycomb cell in two dimensional
map. The unit cells which have similar data
will be gathered in neighboring area through
the learning process. We used SOM in this pa-
per to describe the agronomical properties af-
ter crop cultivation test. Comprehensive evalu-
ation and notation methods for various recy-
cled organic materials will be discussed in this
paper by using PCA and SOM.

2. Cultivation tests using the recycled
organic materials

2.1 Materials and method

As test fertilizers for recycled organic mate-
rials, cattle excrement compost, sludge com-
post and sludge pyrolysate were used in com-
parison with ordinary chemical fertilizer. The
cattle excrement compost was produced from
the manure of dairy cattle raised on the uni-
versity farm of Tokyo University of Agricul-
ture and Technology. Surplus sludge from hu-
man waste treatment was supplied to make
sludge compost and sludge pyrolysate roasted
at about 200°C. Components and features of the
test materials as fertilizer and soil are shown
in Table 1.

As test crops for the cultivation tests, ko-
matsuna (Brassica rapa L. var. peruviridis) and
radishes (Raphanus.sativus L. var. radicula) were
cultivated. In respect of the nutrient rate of
application in the cultivation test plots, 1 times
to 4 times the rate of total nitrogen were set for
each test fertilizer on the standard basis of
chemical fertilizer used in the Kanto district

considering the degradation rate and the ferti-
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Table 1 Chemical properties of test recycled organic materials and soils
T-N P,05 K0 Mg Ca C/N EC pH
(%DM) (%DM) (%DM) (%DM) (%DM) (=) (mS/cm) (—)
Chemical fertilizer 7.06 5.39 1.99 0.42 4.61 0.08 55.30 4.92
Cattle excrement compost ~ 2.77 1.18 4.57 1.27 0.00 4.73 1.361 8.50
Sludge compost 4.38 10.82 1.59 2.14 0.02 5.49 1.972 7.96
Sludge pyrolysate 4.70 7.23 1.76 2.07 0.02 6.12 1.935 6.89
Red soil 0.13 0.01 0.22 0.30 0.02 13.61 0.107 5.59
Black soil 0.47 0.03 0.14 0.20 0.06 13.58 0.285 5.45
lizer effect. The test plots combining two op- T T T T
tional fertilizers were designed similarly at 1 20 | Seeding i
times to 4 times the standard nitrogen. Two §-> Harvesting
optional fertilizers were weighed to make total g 15 ‘ i
nitrogen of each fertilizer equivalent. Two kinds g_ 10} 4100 ¢
of soil which have no nutrient were blended as 5 5| | 50 E
growth media in the ratio of 1:1 by volume. _|J|, I| f%
Soil was added with the test fertilizers as N : Ooa ‘I !b!,'" : - o — o
P:K=15:7:12 (kg/10a) for komatsuna and 2 3 1 22 2 10 20 I
N:P:K=19:11:15 (kg/10a) for radish. On Fig. 1 Atmospheric temperature and rain-

the test plot with partial fertilizer component,
calcium superphosphate and potassium sulfate
were added, while on the plot of surplus ferti-
lizer component was remained. Test crops were
cultivated with a plastic growth pot of 14cm
diameter, 12cm depth and 0.8 kg DM soil, in the
net roof room of the university farm (Fuchu,
Tokyo). Five individuals were grown with five
growth pots in each test plot. The cultivation
period was from 24" October to 15" December,
2004. Atmospheric temperature and rain fall
during the cultivation period were illustrated
in Figure 1. The places of growth pots were
changed weekly so as to avoid the effect of so-
lar radiation incident upon the net roof room.
The crops were watered properly, considering
the surface condition of the growth soil and
the amount of rainfall.
2.2 Chemical analysis of nutrient components
The nutrient components of harvested crops
and remaining growth soils were analyzed
with a standard chemical method as follows.
Three big individuals from five growth pots

were selected as analysis samples along with

fall during cultivation period.

three growth soil samples from which the root
was carefully removed. The results of cultiva-
tion tests were described with an average of
three selected samples. The concentration of
nitric acid included in the harvested crop was
measured with the colorimetric method using
salicylic acid (Cataldo method). The concentra-
tion of phosphorus was calculated from the
concentration of phosphoric acid measured with
the colorimetric method using vanadmolybdate
acid after pre-treatment by a wet resolving
method. The concentration of potassium, mag-
nesium and calcium were analyzed by atomic
absorption spectrophotometer after pre-treat-
ment by a wet resolving method. The nutrient
components of the growth soil were analyzed
by the same method as that used for the crop
except for the concentration of total nitrogen
which was measured by a dry combustion
method.
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2.3 Test result
(1) Growth result

The test plot was shown by the symbol for

the trial fertilizer : a : chemical fertilizer, b : cat-
tle excrement compost, ¢ : sludge compost, d :
sludge pyrolysate, e : non fertilizer. For exam-
ple, a combination of chemical fertilizer and
cattle compost is shown as “ab”. In addition,
each test plot was labeled with a numeral in

the range 1-4, according to the amount of fer-

tilizer. Yield of komatsuna for each test plot is

shown as fresh mass in Figure 2. Fresh mass is
shown on the vertical axis with test plot shown
horizontally. The growth of crops in single uses
of the trial fertilizer increased in proportion to
rate of application. The growth in cases where
chemical fertilizer was used was the best gen-
erally. Growth was retarded on the cattle com-
post plots.

In the cases where a combination of fertilizers
was used, the plots containing chemical ferti-
lizer and sludge compost produced the greatest
yield and the next highest yield was produced
by the plots in which chemical fertilizer and

1234123412341234123412341234123412341234
a c al ac a c c

Fig. 2 Fresh mass of komatsuna in the harvest.
Symbol means the test fertilizer; a:
chemical fertilizer, b : cattle excrement
compost, ¢ : sludge compost, d : sludge
pyrolysate, e : non fertilizer. ab : com-
bination of chemical fertilizer and cat-
tle compost. Number means amount
of fertilizer ranged from 1 times to 4
times standard level.

e

Nitric acid (ppm)

sludge pyrolysate were used. The fresh mass
of chemical fertilizer and cattle compost com-
bined was more than that of only cattle com-
post. The test results of the radish cultivation
are not shown here. Lamina of radish in the
test plots increased in proportion to the rate of
application, while its root did not. Takebe et al.
(1995) showed the similar growth results for
komatsuna using three times the nitrogen stand-
ard with sewage sludge. Both nitrogen uptake
and fresh mass were half of the controls ob-
tained using the standard chemical fertilizer.
(2) Nutrient analysis results

The concentration of nitric acid in lamina
was shown in Figure 3. Its concentration in
lamina was less than that in petiole but the
necessary mass of petiole could not be secured
in all plots because the petioles were thin. The
concentration of nitric acid in the lamina was
high in the chemical fertilizer plots and sludge
compost plots, and the concentration increased
in proportion to rate of application. The changes
in the content rate of calcium, magnesium,
potassium and phosphoric acid are shown in
Figure 4. Phosphoric acid and potassium tended
to increase approximately in proportion to rate
of application. However, the content rate of
potassium was significantly lower in the cattle
compost plots. The content of magnesium and

calcium in the lamina tended to be lower as the
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a b 3 d ab ac ad bc bd cd e

Fig. 3 Concentration of nitric acid contained
in komatsuna lamina.
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Fig. 4 Content rate of phosphorous, potas-
sium, calcium and magnesium in ko-
matsuna lamina.
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Fig. 5 Soil component after the cultivation,
the content rate of nitrogen, phospho-
rous, potassium, calcium and magne-
sium.

% ; nitrogen, 4 ; phosphorous, []; po-
tassium, @ ; calcium, /\ ; magnesium.

amount of application increased, except for the
cattle compost plots. The relation between the
content rate and fertilizer level in the combina-
tion plots of the cattle compost and other fer-
tilizer was complex.

In relation to the soil component after the
cultivation, the content rate of total nitrogen,
phosphoric acid, potassium, magnesium and
calcium are shown in Figure 5. The content of

total nitrogen decreased in comparison with

N, K, Mg (%, DM)

the initial content of the test plot for the chem-
ical plot and the cattle excrement plot, while
it increased in both the sludge compost and
sludge pyrolysate plots. Total nitrogen con-
tent in the combination test plots which con-
tained chemical fertilizer and sludge compost
or sludge pyrolysate did not increase com-
pared to the original level before the test.

Nishio et al. (2004) reported nitrogen dynam-
ics in a cultivation experiment using a combi-
nation of chemical fertilizer and cattle excre-
ment compost or pig excrement compost. In the
result for the pig excrement compost, remain-
ing nitrogen in the soil was more than the in-
put nitrogen. However, the result was on to the
contrary for the cattle excrement compost. It
was confirmed that nitrogen dynamics differed
according to the organic substances combin-
ing chemical fertilizer when they were applied
to the soil. In our experiment, nitrogen dynam-
ics in the combination plots of chemical ferti-
lizer and sludge compost or sludge pyrolysate
differ from that in the plots of sole sludge com-
post or sole sludge pyrolysate.

Except for total nitrogen, the concentration
of the soil components being considered de-
creased after cultivation. Though for phospho-
rus and magnesium the concentration of com-
ponents in the soil was higher in proportion to
the rate of application, for potassium and calci-
um the relation between the rate of application
and the concentration after cultivation was not
clear. By subtracting the component remain-
ing after cultivation and the component ab-
sorbed by the crop from the component before
cultivation, we obtain the amount escaping to
outside the pot. We refer to this as the “envi-
ronment runoff”. The sludge compost plots
had a high environment runoff rate for phos-
phorous, and the next highest rate was in the
sludge pyrolysate plots. The environmental
runoff rate also increased with higher fertilizer
levels.
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3. Principal component analysis of test
result and self-organizing map

3.1 Method of principal component analysis

The data used for analysis were yield of
crop, concentration of each of total nitrogen,
phosphorus, potassium, magnesium and calci-
um in the crops, and concentration of residual
phosphorus in the growth soil for all test ferti-
lizers. The standardized data was used in the
analysis because the units are different in the
original data. All data can be confidently ex-
plained in terms of the first principal compo-
nent and second principal component by PCA
in which the eigenvalues of first principal com-
ponent and second principal component were
greater than 1 and the contribution ratio also
exceeded 70%.
3.2 Presentation by PCA

The eigenvector of first and second principal
components in PCA is shown in Table 2. As
indices which could be used to synthetically
evaluate crop yield and quality in the cultiva-
tion experiment, it became clear that fresh
mass and phosphorus concentration of crop
are equivalently important from the eigenvec-
tor of the first principal component. From the
eigenvector of the second principal component,
the concentration of calcium, magnesium, po-
tassium is taken here to be an index to the
“quality” of crop cultivation. The first princi-

pal component in PCA presents the total growth

Table 2 Eigenvector of first and second prin-
cipal component in principal compo-
nent analysis

First Second
principal principal
component component

Fresh mass 0.4530 —0.2675
Phosphorous 0.4513 0.2435
Potassium 0.2067 0.4941
Magnesium —0.4368 0.4170
Calcium —0.3897 0.3958
Nitric acid 0.2852 0.3702
Phosphorous in soil 0.3527 0.3968

of crops and second principal component shows
the degree of crop absorption and soil residue,
and the effect on the quality.

The principal component score from the view-
point of the first and second principal compo-
nent was shown in Figure 6, which presents
the effect of the trial fertilizer on the cultiva-
tion experiment result. Type of fertilizer and
fertilizer level are shown by the character in
the figure. The fluctuation of crop yield and
quality in the cultivation result were illus-
trated compactly together in two-dimensional
information. This figure helps to understand
features of the trial fertilizers. For example, it
is confirmed that chemical fertilizer has pro-
perties which cause not only the yield but the
quality to be kept high when fertilizer level is
changed. It is shown that the sludge compost
affects the yield and the quality of the crops,
and that the degree of the effect on the quality
is greater for fertilizer levels of 3 times and 4
times. The effect on yield through increase in
fertilizer level for sludge pyrolysate is not big
as with chemical fertilizer, while the quality is
equivalently stable with the chemical fertilizer.
For the cattle excrement compost, the effect
on the quality was large, though the effect on
the yield was small.

When two kinds of fertilizers were applied
mixed, the effect of the fertilizer level on the
yield was between that of the two fertilizers.

. a4
4
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ac4 aA 4 ac3 \62 c4|
2 [ — o <
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First principal component
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Second principal component

Fig. 6 Principal component score of each
cultivation test result.
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For example, the figure shows that the effect
on the quality and the yield also increased when
fertilizer level was increased for a combination
of chemical and sludge pyrolysate.
3.3 Composition of self-organizing map

The self-organizing map is generally com-
posed of a two layer network as shown in
Figure 7. The first layer is the input layer and
the second layer is the output layer where
units are typically arranged two-dimensionally.
To describe the self-organizing process : the
postulated information processing in the brain
was imitated and expressed with equation (1)
by Kohonen. He established the learning algo-
rithm in which the units of the output layer
similar to the input signal are organized in the

vicinity.
mit+D=m@) +ha@® x@®-—m;@®O] (1)

where m; (¢) : is the reference vector of unit 7 at
time ¢, h; (¢) : is a vicinity function of unit 7 at
time ¢, x (¢) : is the input vector of unit i at time
t. The learning algorithm is as follows ; a win-
ner unit m, () is found to minimize the distance
of the input vector and the reference vector at

time ¢ according to the equation (2).
lx () —m.(®) | =[x (&) —m; (D) | (2)

A vicinity defined by the vicinity function A,
(¢) is formed around a winner unit. All units of
the vicinity are learned slightly with equation
(I). Number of units in the vicinity is reduced
by the vicinity function A4 (¢) of which range is
made narrower along with time. The following

vicinity function was used in the experiment.
he(®) =ay(1—t/T) (3)

where «, is initial value (=0.5), and T is total
learning times.

The same data used in the principal compo-
nent analysis was used as the input layer for
SOM. The units of 50 X 41 in the output layer
learned with a Gaussian vicinity function.

M., M, M., eaa M,

il i2 " in
R S
]ayer R =
Xy Fp X Xn

Fig. 7 Two layers network for self-organizing
map.

3.4 Presentation by SOM
(1) Component map

Cultivation results of komatsuna according
to the self-organizing map are shown in Figure
8. The similarities between the synthetic data
are expressed at the distance between units
which show the test plots denoted alphabeti-
cally and numerically. The color of the units
shows the grade of the component data, in
which red, green and blue express high, middle
and low, respectively. The map shows that the
sludge compost is similar totally to the chemi-
cal fertilizer, and that sludge compost of 3
times and 4 times standard concentration cause
synthetically similar results to the chemical
fertilizer of 1 times standard concentration.
Synthetic evaluation of the effect of utilizing
combinations of recycled organic materials
was also shown in the map. For example, it is
shown that the combination of sludge compost
and sludge pyrolysate is similar to chemical
fertilizer.

Comparing the color pattern of ‘Mg’ with
that of ‘Mass’, we notice that it is in reverse.
This means that concentration of magnesium
decreased as komatsuna grew larger. It is
remarkable that sludge compost of 1 times
standard concentration caused higher magne-
sium concentration. The color pattern of calci-
um is similar to that of magnesium while it is
not shown here. The map of ‘NO3’ shows that
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Fig. 8 Features of each cultivation test re-
sults obtained by self-organizing map.
Mg : magnesium in komatsuna (%, DM),
NOs : nitric acid in komatsuna (#g/100
mg-fresh mass), Mass : fresh mass of
komatsuna (g), Psoil : residual phospho-
rous in soil (%, DM).

sludge compost 4 times standard caused high-
est concentration of nitric acid. The self-organ-
izing map indicates that sludge compost is a
characteristic fertilizer in organic materials and
it induces cautions visually.
(2) Cluster map

Clustering by the Ward system, the result of
dividing into 4 groups was shown in Figure 9.
Chemical fertilizer and sludge compost of 3-4
times were classified as belonging to cluster A.
Cattle excrement compost was classified as be-
longing to cluster B which confronted cluster
A. Chemical fertilizer and cattle excrement com-
post are located respectively in diagonal posi-
tion of the map. This means that synthetic
character of chemical fertilizer and cattle ex-
crement compost differs contrastingly in the
effect on crop cultivation.

Sludge pyrolysate and sludge compost of 1-
2 times were classified as belonging to cluster
C and the combinations of trial fertilizers were

assigned roughly into cluster D. Cluster C is

Fig. 9 Clustering map of cultivation test results.

located in the middle of cluster A and B. This
means that sludge pyrolysate affects crops in
the level between chemical fertilizer and cattle
excrement compost. Sludge compost also af-
fects as well as sludge pyrolysate, while its
effects on crop cultivation depend upon the
amount of application. Sludge compost affects
crops as intensely as chemical fertilizer if its
application is 3-4 times standard of chemical
fertilizer. Though this result is estimated from
principal component score distribution by PCA,
the users of recycled organic materials can
easily understand these properties and charac-
teristics when they watch the self-organizing
map. Disadvantage of SOM should be dis-
cussed with the merits. The scale of the self-
organizing map is not same as the principal
component score distribution. The distance be-
tween two units shows similarity of two mate-
rials, however, the scale of distance is not pre-
cisely same on the any points of the map. This
should be known as a disadvantage of the self-
organizing map.

A compost and manure utilization promo-
tion network system in Chiba Prefecture uses
the quality chart developed by Ushio et al. (2004).
This chart shows the fertilizer component by
“radar” graphs and in tables, and the standard
of compost utilization, but it is difficult to
compare features and to know the similarity.
SOM is an excellent visualizing method to il-
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lustrate the multiple features, which can pro-
vide a communication tool between users and
producers of the recycled organic materials to

avoid the mismatch of demand and supply.

4. Summary

An evaluation method for recycled organic
materials was examined by a simple pot cul-
ture test to understand the effect on crop culti-
vation and environmental loading in their use
because resource recycling from various or-
ganic wastes has been increasing recently. The
test plots used fertilizer levels of from 1 times
to 4 times the standard level for three kinds
of organic material, cattle excrement compost,
sludge compost and sludge pyrolysate, as well
as for chemical fertilizer, and for various com-
binations of use. Through the cultivation ex-
periment using komatsuna and radish, data
such as crop yield, ionic components in the
crop and residual components in cultivated
soil were acquired. The utilization of a Self-
Organizing Map (SOM) was examined as a rep-
resentation of the test results in comparison
with principal component analysis (PCA) to
summarize and express the multi-dimensional
data. The following points are summarized
from the results and discussion.

(1) For the use of single trial fertilizer, crop
yield on harvesting was in proportion to the
rate of fertilizer application. However it was
not always proportional to rate of application
where a combination of fertilizers such as
chemical fertilizer applied jointly with the
recycled organic materials was used.

(2) Nitrate ion concentration of komatsuna
lamina was high in the chemical fertilizer plots
and sludge compost plots, and the concentra-
tion increased in proportion to rate of applica-
tion. The concentration of phosphorus and po-
tassium increased in approximate proportion
to rate of application, while the concentration
of magnesium and calcium tended to be lower
as the rate of application is increased. In com-

bination use, the relation between content rate

of components and fertilizer level became a
complex.

(3) By the principal component analysis, the
first principal component and the second prin-
cipal component show the effect of the crop
yield and the quality respectively. Describing
the test data by the principal component score
in two-dimensional information can provide
potential for understanding crop yield of the
trial fertilizer and the degree of the effect of
quality on the fluctuation.

(4) Utilization of a self-organizing map helped
to visually represent the similarities and tend-
encies of recycled organic materials on the ef-
fect of crop cultivation and environmental
loading. The self-organizing map is useful as a
communication tool between manufacturers
and users of recycled organic materials be-
cause overall evaluation can be easily per-
formed and the effect of combination utiliza-
tion of recycled organic materials can be easily

comprehended with such a map.
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Abstract

Recently there has been promotion of the
recycling of various kinds of organic wastes
after their recovery. Excess amounts of recy-
cled organic materials are often applied to
fields because the decomposition and mineral-
ization go on very slowly and little effect ap-
pears in terms of nutrients for crops. In this
paper, for various recycled organic materials,
an evaluation and representation method are
described to show comprehensively, through
crop cultivation tests and the analysis of com-
ponents, the features and properties obtained.
As recycled organic material test fertilizers,
cattle excrement compost, sludge compost and
sludge pyrolysate were compared with ordi-
nary chemical fertilizer. In terms of nutrient
rate of application in the cultivation test plots,

1 times to 4 times the rate of nitrogen were set

for each test fertilizer, on the standard basis of
chemical fertilizers of Kanto district, consider-
ing the degradation rate and the fertilizer ef-
fect. The nutrient components of harvested
crops and remaining growth soil were ana-
lyzed with a standard chemical method. The
map of principal component scores by princi-
pal component analysis shows the effect of the
trial fertilizer. Utilization of the self-organizing
map presented more visually the similarities
and tendencies of the recycled organic mate-
rials on crop cultivation and environmental

loading.
Key Words

organic waste, crop cultivation test, recovery
treatment, self-organizing map
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