Mass production and application of biogranule for
remediation of polluted bottom of aguaculture farm
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SUMMARY

I. Subject

Mass production and application of biogranule to improve the low quality of bottom of

fishery farm

II. Purpose and importance of the research and development (R & D)

1. Purpose of the R & D

Dredging or the improvement of the low quality bottom of fishery farm are the most
effective method to facilitate the environmental improvement. However, currently the
lower quality is being improved by cultivating method, limestone, clay pouring, and
partial chemical compound but is not effective or rather there occur more concerns for
worsening the bad effects on ocean biology. Therefore, the purpose of this research is
to maintain the amount of constant farming production through the improvement of
lower quality bottom of farms by developing biogranule that makes useful ocean
microorganism living in the ocean area as grains apart from the existing water purifying
materials. To accomplish the purpose, this research includes mass production method of
biogranule as well as its utilization for the improvement of lower quality of farms of

Manila clam and shrimp.

2. Importance of the R & D

In case of shellfish farms in our country, the improvement of lower quality bottom of fishing
ground due to the deterioration of ocean environment and aging of the bottoms of the ground is

urgent. Manila clam which is a tideland shellfish is the number one source of income for fishermen

as most fishermen are participating in collecting grown shellfishs from seed shellfishs generated

_10_



naturally in the class 1 common fishery industry until now. However, since mass dying of shellfishs
is repeated because of loss of fishery area and contamination by land reclamation by drainage and
increased coastal contamination of each ocean area, it is urgent to improve the lowe quality of the
tideland which is the environment for the growth of shellfishs. In addition, as the same phenomena
are taking place in shrimp farms, the overall improvement of the lower quality of coastal areas is

urgent too.

Korea 1s the second consuming country of marine products in th world and as we have to
supplement the shortage of marine products by farm production, the farm industry must be
protected and nurtured for the security of food. In the future, no industry can expect only
production by polluting the environment. Farm production method until now has obtained the
products in return of sacrificing the environment but now it must be changed to the methods of
maintaining the production by protecting the environment in the future. In order to grow as
environment friendly farm industry that can be a focal debating point of the world trade market of
the 21st century, it is urgent to improve the lower quality of the bottom of severly polluted coastal

ocean areas currently.

M. Contents and scope of the R & D

1. Optimization of mass production of microorganism through cleaning of lower gq
uality in the nature friendly type
1) Separation of useful microorganism with excellent enzyme activity
2) Separation of useful Lactobacillus sp.
3) Separation of photosynthetic bacteria
4) Measurement of salt-resistance of separated colony
5) Biogranule manufacturing using separated colony
(1)measurement of activity of microorganism according to coating material.
(2)Measurement of sedimentation degree by kind of adhesives.

(3)Measurement of sedimentation degree per the time of granule.

2. Verification of the effect of biogranule and site application test.

_11_



1) On-site test of shrimp farms using biogranule.
(1)Selection of objects of farms.
(2) Growth and production of prawn.

2) On-site test of Manila clam using biogranule.
(1)Selection of Manila clam farm.
(2)Growth map of Manila clam.

(3)production amount of Manila clam.

3. Analysis of bio and biochemical characteristics per kind of objects of farm.
(prawn)
1)Analysis of bio and biochemical characteristics per kind of objects of farm.
(1)General component
(2)Content amount of Lipid and cholesterol

(3)Fatty acid composition

IV. Result of the R & D

1 . Result of the R & D

1) Separation of useful microorganism with excellent enzyme activity
For official colony, I have finally selected 11 kinds of useful micro organism colonies
with excellent energy and fast growing out of 450 kinds of colonies separated from the
lower quality in the coasts of Gyeongnam, Jeonnam, and Chungnam and the kind of each
selected colony is 5 kinds of Bacillus sp., 4 kinds of Streptomyces sp., 1 kind

ofCellulomonas sp., and 1 kind of Saccharomyces sp.

2) Separation of useful Lactobacillus

I have used, as an official colony in this research, one kind of the colony Lactobacillus
sp. ML-101. with excellent production force of lactic acid out of a total 48 colonies and
the production capacity of lactic acid of this colony showed relatively high at 1.8% in

culturing of 24 hours in 30C with 13% of skim milk powder and glucose 3% media.

3) Separation of photosynthetic bacteria

As an official colony of this research, I have used 2 kinds of colonies of Rhodobacter

sp. out of 21 colonies with fast growing and excellent decomposition ability of sulphur
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hydrogen and ammonia separated from the sediment of coastal foreshore.

In particular, since the colony of Rhodobacter sp. MR-101 is excellent in decomposing
ammonia in salt water (12 ppm/hr) and in decomposing sulphur hydrogen (11 ppm/hr), I
have separate observation. As the result, It was turned out as Rhodobacter sphaeroides
and I have registered as final patented colony by naming it as Rhodobacter sphaeroides
M102.

4) Measurement of salt-resistance of separated colony

The result of measuring salt-resistance of separated colony showed normal growth up
to 4% of salt density as indicated in table 8 and also showed about 50% of growth up
to 69 of density proving high salt-resistance.

5) Manufacturing of biogranule using separated colony
(1) Measurement of activity of microorganism per coating materials
The best coating material of microorganism as the result of using 2 kinds of materials

for coating microorganism cultured for maintaining energy of microorganism was turned

out as the mixture of 40% of maltodextrin and 60% of gelatine.

(2) Measurement of sediment degree per kind of adhesive materials
The result of measuring sediment degree of a total 6 kinds of sediment materials in
order to develop the adhesive materials containing necessary nutrition for growing
microorganism that can lower the sediment materials to 20m under the sea showed that
the energy of microorganism of the mixed materials used at the ratio of 40% of
maltodextrin and 60% of gelatine maintained a very high degree of activation of 93% in
30 days after maintaining 99% after 7 days.

When we used 100% of a coating material of maltodextrin, 65% of activation of
microorganism after 30 days and 78% of activation was shown when we used 100% of
gelatine. In a Measurement of activation of microorganism according to the mixture ratio
of the two materials, the mixing ratio of 409 of maltodextrin and 60% of gelatine was

measures as the best effective mixing ratio for coating materials of microorganism.

(3) Measurement of sediment degree per the time of granule

The result of measuring of sediment degree per the time of granule at the machine of
granule for adjusting the strength of granule manufactured by using coating material,
adhesive material, and sediment material, granule at 30 minutes showed proper sediment

degree and granule at over 50 minutes showed excessive strength so that the
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distribution degree is deteriorated a lot after arriving at the bottom and also it showed
disadvantageous for the mass production in commercial terms because of longer time
required.

By the result of aforementioned experiments, I have developed materials of
microorganism to improve the lower quality in granule type that can maintain over 80%
of activation of microorganism with sediment degree at 20m under the sea while
maintaining over 90 days at normal temperature and we I have named this

microorganism material as M-1001.

2. Effect verification and the field application tests of biogranule
1) Field test at shrimp farms using biogranule
(1)Selection of objects farms
The field test place was at the shrimp farm owned by Mr. C and located at
Seosan-Ri, Dangjin—-Gun, Chungnam and each area was 12,000 Pyeong respectively. The
test was carried out by dividing comparison section and test section. Stocking quantity
of juvnile prawn was carried out with the basis of 1,500,000/12,000 Pyeong(3.3m’).

(2)Growth and production quantity of prawn
In the comparison section, 19 tons were produced but the test section produced 25 tons
showing a significant increase in production quantity. At the time, the test section
showed stable water quality compared to the comparison section.
2) The field test at Manila clam farm using biogranule

(1) Selection of Manila clam farm

The Manila clam farm used in the field test was a village farm located in the ocean
region of Gangjin Bay of Namhae-Gun, Gyeongnam province. The test ocean region had
4-6 hours of exposure time during high tide and 1-2 hours of exposure time during low
tide. The region is a tideland with many traditional Manila clam farms with the
exposure up to about 20m from the edge of the lower part of test section at the time of
tide.

(2)Growth map of Manila clam
The meat weight of Manila clam at the test section and comparison section in May
2004 of stocking time was average 2.30 g/piece and the weight were each 2.4g and 2.53
g respectively in July-September in the test section and comparison section. Afterward,

the meat weight was rather reduced following the reduction of water temperature. From
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February of the next year when the water temperature was rising, the meat weight
started to increase and the weight were 2.53 g in the test section and 240 g in the

comparison section in April 2005.

(3)Production quantity of Manila clam

The four times of repetition tests conducted from May 2004 to April 2005 in each
large test section (10 m x 10 m) and comparison section (10 m x 10 m) of the final
production quantity of Manila clam is shown in Fig. 34. At the time of stocking at the
test section and comparison section, each farm was 31.7 cm and at the time of collection
in April 2005, the average of the test section was 36.3 + 0.29 cm and the average of
the comparison section was 36.2 + 044 cm. And therefore, there was no difference in
the growth. The weight at the time of stocking in May 2004 was 6.0 g and the
average weight of the test section at the time of collection was 10.8 £ 0.30 g and it was
average 10.2 = 04lg in the comparison section. The test section showed higher

production quantity due to higher survival rate than the comparison section.

3. Analysis of bio and biochemical characteristics per object of farm per kind
(prawn)

1) General components

The result of analyzing the general components is as Table 1. There is no significant
difference between the two specimen. The content of protein and lipid was high in
treatment section and the value of energy was calculated as 9lkcal in control section
and 98kcal in treatment section.

Table 1. Proximate composition (%) of prawn muscle

Sample Moisture  Protein Lipids Ash Energy (kcal)
Control 76.9 20.5 1.0 1.6 91
Treatment 75.9 21.2 15 1.4 98

2) Content of lipids and cholesterol
The total TL, PL, NL, and total cholesterol of prawn are the same as in Table 2.

There is no difference in content of total lipids between the control section and
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treatment section but the content of PL in the treatment section was 90.5% and its NP
content was 9.7%. The PL content of the treatment section was 88.0% and its NP
content was 12.0%. Also the PL content of the treatment section was higher than the

control section.

Table 2. Lipid and cholesterol content of prawn muscle

(mg/100g tissue)

Sample Lipid Cholesterol

TL PL NL

Control 1024 901 123 190
Treat 1541 1392 149 150

3) Composition of fatty acid

The result of observing the change of formation of fatty acid by dividing into as PL
and NL after extracting the TL from prawn, there was no big difference between the
comparison section and test section but it is considered to show the smoothness of lipid
metabolism according to the treatment as the content of unsaturated fatty acid showed

higher number compared to the comparison section.

V. Result and utilization plan of the R & D

1) The production quantity of Manila clam is planned to be increased by restoring the
production force through the improvement of the lower quality of Manila clam farm using
biogranule and for the marine farms, more positive improvement of cleaning fishing grounds
can be utilized as one of environment friendly methods by reinforcing the public relations

effect of purifying marine farms.

2) In addition, by utilizing the result of test, we can utilize it effectively in environment

friendly cleaning project of ocean by introducing this method in the cleaning project of

fishing ground that is carried out by the government sector.
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3) By applying this product to shrimp farms, we present this as a method of increasing
productivity drastically of marine farms suffering the production reduction due to mass
perishment up to now and old aging of farms and we will be able to utilize in the

production of environment friendly high quality by using this product.
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Fig.3-3. Biogranule and storage container(18kg/container)

A2 A AFNEe A3

L A3 A4 vA2 o FPLe H 43

P!
J{m
o,
o

= ZAE A3 2
Aol A7 115 d#FE5 HAF HAEstden, 72t 5% FFT Bacllus sp. 5F,

1% o] A H(Table 3-1). 7+

N

Streptomyces sp.4%, Cellulomonas sp.1%, Saccharomyces s
T 24 4% 2 YA EA Y= oY 1ok 2

Table 3-1. Sample sites of isolated bacteria species

o

Species Isolate station
Bacillus sp. MB-101 Gyeongnam Goseong
Bacillus sp. MB-102 Gyeongnam Goseong
Bacillus sp. MB-103 Chungnam Dangjin
Bacillus sp. MB-104 Chungnam Seosan
Bacillus sp. MB-105 Jeonnam Muan
Streptomyces sp. MS-101 Gyeongnam Goseong
Streptomyces sp. MS-102 Gyeongnam Nambhae
Streptomyces sp. MS-103 Chungnam Dangjin
Streptomyces sp. MS-104 Chungnam Seosan
Cellulomonas sp. MC-101 Jeonnam Mokpo
Saccharomyces sp. MS-101 Chungnam Dangjin
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(1) Lipase activity &4

Lipase activity®] &#-& FA#F2 Psedomonas aeruginosa (KCTC2513)9} H] L3} o]
Bacillus sp MB-10517} 7}F4 433 2| Bacillus sp MB-102 2 Streptomyces sp
MS-1027F vl 523 €28 e It (Table 3-2).

Table 3-2. Results of lipase activity of isolated species

Elnae:! 2 % (cm) H] 25 H] 3L

Psedomonas aeruginosa(KCTC2513) 1.7 vl nl FA T
Bacillus sp MB-101 1.2

Bacillus sp MB-102 19

Bacillus sp MB-103 0.9

Bacillus sp MB-104 0.8

Bacillus sp MB-105 2.0 30C

Streptomyces sp MS-101 0.2

Streptomyces sp MS-102 19

Streptomyces sp MS-103 0.5

Streptomyces sp MS-104 0.9

Cellulomonas sp. MC-101 0.3

Saccharomyces sp MS-101 0.1

t}. Amylase activityd] =74

Table 3-2°14¢ o] Amylase activity®] &S FA|TF9 Bacillus subtilis
(KCTC1028)¢} w®laLste] Bacillus sp MS-105 ©57} 7} &2 &8 vedlon,
Bacillus sp MB-101, % Bacillus sp MB-103, Streptomyces sp MS-102 % H|ul
4 x> 29s dEhAH

(2) Protease activity®] =4

Table 3-3¢] AdA|Ae} o] protease activityd ZFHE& FA|A
subtilis(tKCTC1028)¢} vl xnste] Streptomyces sp MS-101 w57 3
oW Bacillus sp MB-103 % Bacillus sp MB-102 5% v % =2 &S5 el

nl, Cellulase activity &%

Table 3-42] A& Ao} o] cellulase activitye] &3 FA|FF2l Cellulomonas
cellulance(KCTC1771)9} vlLste] Cellulomonas sp. MC-101 57} 7} & &2 S e
Wo W Bacillus sp MB-101, Bacillus sp MB-103 ¥ Bacillus sp MB-104 , Streptomyces
sp MS-102v 5= Hl 24 £ &S Yeh Ak

53] Bacillus sp MB-1037F+ 79 & g484d0] Hojgon, A4&% 2 YydAg

-
N
-
N
Ak
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Table 3-3. Results of amylase activity of isolated species

T4 g4 % (ecm) Hl] 25 H| 3L

Bacillus subtilis(KCTC1028) 1.1 Hl 1l 2 A] it
Bacillus sp MB-101 1.1

Bacillus sp MB-102 0.9

Bacillus sp MB-103 1.0

Bacillus sp MB-104 0.8

Bacillus sp MB-105 1.7 30T

Streptomyces sp MS-101 0.7

Streptomyces sp MS-102 1.0

Streptomyces sp MS-103 0.9

Streptomyces sp MS-104 0.8

Cellulomonas sp. MC-101 0.9

Saccharomyces sp MS-101 0.9

o]l BF g5k SoldE HEUY 5 dFE 557 st EHsEE AAS
O A= %50 9 ¥EH1. Bacillus thuringiensis. MH-10012] 16s tTRNA #4 A 3¢} 2+

Table 3-4. Results of protease activity of isolated species

T4 g % (ecm) Hl] 21 H| 3L

Bacillus subtilis(KCTC1028) 1.2 vl al AT
Bacillus sp MB-101 0.7

Bacillus sp MB-102 0.9

Bacillus sp MB-103 1.3

Bacillus sp MB-104 15

Bacillus sp MB-105 0.8 30C

Streptomyces sp MS-101 1.8

Streptomyces sp MS-102 0.5

Streptomyces sp MS-103 0.8

Streptomyces sp MS-104 0.4

Cellulomonas sp. MC-101 0.8

Saccharomyces sp MS-101 0.7
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Table 3-5. Results of cellulase activity of isolated species

EIale:! 4 E(cm) ] - H] a1

Cellulomonas cellulance(KCTC1771) 0.5 H 3l FA] i
Bacillus sp MB-101 0.6

Bacillus sp MB-102 0.2

Bacillus sp MB-103 0.6

Bacillus sp MB-104 0.5

Bacillus sp MB-105 0.3 30°C

Streptomyces sp MS-101 0.2

Streptomyces sp MS-102 0.6

Streptomyces sp MS-103 0.3

Streptomyces sp MS-104 0.2

Cellulomonas sp. MC-101 0.8

Saccharomyces sp MS-101 0.1

Table 3-6. Results of identification and isolation on Bacillus sp. MB-103

e sty 54
BB
Rt
. o 30 - 55Ce A2 94
Bacillus thuringiensis. MH-1001
SRR
F71% oy wa
3714
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>M101
AGAGTTTGATCCTGGCTCAGGATCGAACGCTGGOGGOGTGCCTAATACATGCAAGTOGAGC
GAATGGATTAAGAGCTTGCTCTTATGAAGT TAGCGGCGGACGGGTGAGTAACACGTGGGT
AACCTGCCCATAAGACTGGGATAACTOOGGGAAACCGGGGCTAATACCGGATAACATTTT
GAACCACATGGTTCGAAATTGAAAGGOGGCT TOGGCTGTCACT TATGGATGGACCOGCGT
CGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGOGTAGCOGACCTGAG
AGGGTGATOGGOCACACTGGGACTGAGACACGGOCCAGACTCCTACGGGAGGCAGCAGTA
GGGAATCTTCOGCAATGGACGAAAGTCTGACGGAGCAACGCCGOGTGAGTGATGAAGGCT
TTOGGGTOGTAAAACTCTGT TGT TAGGGAAGAACAAGTGCTAGT TGAATAAGCTGGCACC
TTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGOOGOGGTAATACGT
AGGTGGCAAGCGTTATCCGGAAT TATTGGGOGTAAAGCGOGCGCAGGTGGT TTCTTAAGT
CTGATGTGAAAGCOCACGGCTCAACCGTGGAGGGTCAT TGGAAACTGGCGAGACT TGAGTG
CAGAAGAGGAAAGTGGAAT TCCATGTGTAGCGGTGAAATGOGTAGAGATATGGAGGAACA
CCAGTGGOGAAGGOGACT TTCTGGTCTGTAACTGACACTGAGGCGOGAAAGCGTGGGGAG
CAAACAGGATTAGATACCCTGGTAGTCCACGOOGTAAACGATGAGTGCTAAGTGTTAGAG
GGTTTCCGOCCTTTAGTGCTGAAGT TAACGCAT TAAGCACTOOGCCTGGGGAGTACGGAC
GCAAGGCTGAAACTCAAAGGAAT TGACGGGGGOCCGCACAAGCGGTGGAGCATGTGGTTT
AATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAACCCTAGAGAT
AGGECTTCTCCTTCAGGAGCAGAGTGACAGGTGGTGCATGGT TGTCGTCAGCTOGTGTCG
TCAGATGTTGGGTTAAGTCOCGCAACGAGOGCAACCCTTGATCTTAGT TGCCATCATTAA
GTTGGGCACTCTAAGGTGACTGOOGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAA
TCATCATGCOCCTTATGACCTGGGCTACACACGTGCTACAATGGACGGTACAAAGAGCTG
CAAGACOGCGAGGTGGAGCTAATCTCATAAAACCGT TCTCAGT TOCGGATTGTAGGCTGCA
ACTOGCCTACATGAAGCTGGAATOGCTAGTAATOGOGGATCAGCATGCOGOGGTGAATAC
GTTOOCGGGACTTGTACACACCGOCCGTCACACCACGAGAGT TTGTAACACCCGAAGTCG
GIGGGGTAACCT TTTTGGAGOCAGOCGCCTAAGGTGGGACAGATCGATTGGGGTG

Fig. 3-4. 16s rRNA sequence of Bacillus thuringiensis M101.
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Bacillus cohnii AB023412
4|7—Bacillus halmapalus DSM 8723
Bacillus horikoshii DSM 8719

Bacillus macroides AY030319

|7 Bacillus flexus IFO 15715

I— Bacillus megaterium AY 030338

Bacillus pumilus AB020208

Bacillus subtilis AF287011

Bacillus atrophaeus JCM 9070

Bacillus vallismortis DSM 11031

Bacillus licheniformis AF391127

Bacillus sporothermodurans DSM 10599

Bacillus marisflavi AF483624

Bacillus aquaemaris AF483625

Sporolactobacillus dextrus IAM 12380

Bacillus funiculus AB049195

Bacillus mycoides AF155957

Bacillus pseudomycoides NRRL B-617

Bacillus weihenstephanensis DSM 11821
Bacillus sp. AF227848

Bacillus cereus AF176322

Bacillus thuringiensis AF155955

Bacillus anthracis AF176321

M101

Fig. 3-5. Phylogenetic tree of Bacillus sp. M101 based on 16s rRNA.
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Bacillus pseudomycoides NRRL B-617

Bacillus weihenstephanensis DSM 11821

Bacillus sp. AF227848

. . Bacillus mycoides AF155957\ /" Bacillus anthracis AF176321
Bacillus funiculus AB049195, Bacillus thuringiensis AF155955

LBaciIIus cereus AF176322

Sporolactobacillus dextrus IAM 12380.

Bacillus aquaemaris AF483625

Bacillus marisflavi AF483624 Bacillus cohnii AB023412

Bacillus halmapalus DSM 8723

Bacillus sporothermodurans DSM 10599 Bacillus horikoshii DSM 8719

Bacillus flexus
Bacillus macroides AY030319
Bacillus megaterium AY030338

BBaci_Illlus \i_alglism_tf)rtis _D% l\231911013217

acillus licheniformis . .

oo Bacillus sublilis AF287011 Bacillus pumilus AB020208
Bacillus atrophaeus JCM 9070

Fig. 3-6. Phylogenetic tree of Bacillus sp. M101 based on 16s rRNA.
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. 8 Ak i

ol Aol Aol <lste] FAE 48709 coclony T ZaMAAGEHol Hod FF
Lactobacillus sp. ML-101. 1&& £ A FAdTZ ALt o EFo ALk Ak
3 Skim milk powder 13%, Glucose 3% Z| o] A 30T 24437 wiFo = 1

gh

01’2}94 Agubye] olste] FAHE 21719 coclony & A&
myole] RajHo] oS Rhodobacter sp2ES B Ao FAAFE AL}
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T 2= Gy ol Y gty ] a1
Rhodobacter sp.MR-101 12ppm/hr 11ppm/hr
30C
Rhodobacter sp.MR-102 9ppm/hr 0.7ppm/hr

Table 3-8. Identification and isolation of Rhodobacter sphaeroides NMH-1002

# o gepera 54

Rhodobacter sphaeroides MH-1002
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>M102C
AGAGTTTGATCATGGCTCAGAATGAACGCTGGCGGCAGGCCTAACACAT

GCAAGTCGAGCGAAGTCTTCGGACTTAGCGGCGGACGGGTGAGTAACGC
GTGGGAACGTGCCCTTTGCTTCGGAATAGCCCCGGGAAACTGGGAGTAA
TACCGAATGTGCCCTTTGGGGGAAAGATTTATCGGCAAAGGATCGGCCC
GCGTTGGATTAGGTAGTTGGTGGGGTAATGGCCTACCAAGCCGACGATC
CATAGCTGGTTTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGC
CCAGACTCCTACGGGAGGCAGCAGTGGGGAATCTTAGACAATGGGCGCA
AGCCTGATCTAGCCATGCCGCGTGATCGATGAAGGCCTTAGGGTTGTAA
AGATCTTTCAGGTGGGAAGATAATGACGGTACCACCAGAAGAAGCCCCG
GCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGGGCTAGCGTTAT
TCGGAATTACTGGGCGTAAAGCGCACGTAGGCGGATCGGAAAGTCAGAG
GTGAAATCCCAGGGCTCAACCCTGGAACTGCCTTTGAAACTCCCGATCT
TGAGGTCGAGAGAGGTGAGTGGAATTCCGAGTGTAGAGGTGAAATTCG
TAGATATTCGGAGGAACACCAGTGGCGAAGGCGGCTCACTGGCTCGATA
CTGACGCTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCT
GGTAGTCCACGCCGTAAACGATGAATGCCAGTCGTCGGGCAGCATGCTG
TTCGGTGACACACCTAACGGATTAAGCATTCCGCCTGGGGAGTACGGCC
GCAAGGTTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGA
GCATGTGGTTTAATTCGAAGCAACGCGCAGAACCTTACCAACCCTTGAC
ATGGCGATCGCGGTTCCAGAGATGGTTCCTTCAGTTCGGCTGGATCGCA
CACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTCGGTT
AAGTCCGGCAACGAGCGCAACCCACGTCCTTAGTTGCCAGCATTCAGTT
GGGCACTCTAGGGAAACTGCCGGTGATAAGCCGGAGGAAGGTGTGGATG
ACGTCAAGTCCTCATGGCCCTTACGGGTTGGGCTACACACGTGCTACAA
TGGCAGTGACAATGGGTTAATCCCAAAAAGCTGTCTCAGTTCGGATTG
GGGTCTGCAACTCGACCCCATGAAGTCGGAATCGCTAGTAATCGCGTAA
CAGCATGACGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTC
ACACCATGGGAATTGGTTCTACCCGAAGGCGGTGCGCCAACCTCGCAAG
AGGAGGCAGCCGACCACGGTAGGATCAGTGACTGGGGTG

Fig. 3-7. 16s rRNA sequence of Rhodobacter sphaeroides M102.
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Maricaulis maris ATCC 15269

Maricaulis washingtonensis AJ227804

Maricaulis salignoratus AJ227806

Amaricoccus macauensis U88042

Amaricoccus tamworthensis U88044
{ Amaricoccus kaplicensis U88041
Tetracoccus cechii Y09610

Rhodovulum strictum D16419

Rhodovulum euryhalinum DSM 4868
Rhodovulum sulfidophilum D16422

Rhodovulum adriaticum DSM 2781

Rhodovulum robiginosum DSM 12329

Rhodobaca bogoriensis AF248638

Rhodobacter veldkampii ATCC 35703

Rhodobacter apigmentum AF035433

Rhodobacter azotoformans D70847

M102
Rhodobacter sphaeroides X53855

Rhodobacter gluconicum AB077986

Rhodobacter blasticus ATCC 33485

Rhodobacter capsulatus D16427

Paracoccus kawasakiensis AB041770

Paracoccus yeeii AY014172

Paracoccus carotinifaciens IFO 16121
0.01

Fig. 3-8. Phylogenetic tree of Rhodobacter sp. M102 based on 16s rRNA.
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Rhodobacter gluconicum ABO77986
Rhodobacter sphagroides X53855 Rhodobacter blasticus ATCC 33485

M102 Paracoccus kawasakiensis ABOAL770
Rhodobackér capsulatus D16427
Paracoceus yeeii AY014172

Rhodobacter azotoformans D70847
Rhodobacter apigmentum AF035433

Rhodobacter veldkampii ATCC 35703\
Rhodobaca bogoriensis AF248636

Paracoccus carotinifaciens IFO 16121

~

Maricaulis maris ATCC 15269

Rhodovulum robiginosum DSM 12329
Rhodovulum adriaticum DSM 2761

Rhodovulum sulfidophilum D16422

Rhodovulum euryhalinum DSM 4868
Rhodovulum strictum D16419

Maricaulis washingtonensis AJ227804
Maricaulis salignoratus AJ227806

Amaricoccus macauensis U88042

maricoccus tamworthensis U88044
Amaricoceus kaplicensis U88041
Tetracoccus cechii Y09610

0.01

Fig. 3-9. Phylogenetic tree of Rhodobacter sp. M102 based on 16s rRNA.
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Table 3-9. Salt tolerance of isolated bacteria species
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nAgEe] dYFAE A YRR MY vAdeEs 2

ol
ol

171 913 2P AR =N 259

ﬂl

4
54S Abgsle] #E3E A3 m® A maltodextrin 40%, gelatine 60%9] H] &2 A3 &
FAAANA WAL FHE 79 F 9%E FATF F 30¥ Fol= 93%° =L &8-S e
W AT

¥ A maltodextrin 100%S A& Suj= 30 €3 nAE A o] 65%, gelatine 100%=
AHEEE Wl 78%9 A4S YHEUAT F AR EFH & BE rAdE G4 S8 A
+ maltodextrin 40%<} gelatine 60%<2] &3 H]&o] 7} Ydast vAE IHAZ SAHY

ATt (Table 11).

Table 3-10. Microbial activity of different coating materials

(unit : %)

Storage period

Mixture rate
0 7 days 15 days 30 days

cm. A 100% 83 72 65
cm. A 60% + cm. B 40% 92 84 73
cm. A 40% + cm. B 60% 99 97 93
cm. A 50% + cm. B 50% 100 95 83 89
cm. A 30% + cm. B 70% 97 93 90
cm. A 70% + cm. B 30% 9% 89 80
cm. B 100% 93 83 78

% c.m. | coating material, A @ maltodextrin, B : gelatine
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Table 3-11. Sinking rate of different adhesives

A kind of adhesive Sinking rate (m)
Adhesive A (potato starch) 5.6
Adhesive B (maltodextrin) 22.7

Adhesive C (S. M. P.) 2.8
Adhesive D (C. M. C.) 15.6
Adhesive E (corn starch) 9.6
Adhesive F (acetic acid starch) 18.4
Adhesive G (wheat powder) 8.6

% Granule time: half an hour

Table 3-12. Sinking rate of time

Granule time Sinking rate (m)
10 min. 2.9
20 min. 10.5
30 min. 22.7
40 min. 25.6
50 min. 274
60 min. 29.5
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Table 4-1. Selection of sampling shrimp culture ponds
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Table 4-2. Amount of biogranule treatments depending on monthly period
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Fig. 4-1. Experimental ponds treated with biogranule(M-1001)
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Fig. 4-2. Growth rate of shrimp in the indoor aquarium
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Fig. 4-3. Survial rate of shrimp in the indoor aguarium
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Table 4-3. Amount and time of biogranule treatments on the experimental ponds

AL A7) (L/9) ) 2( /18Kg)
T Ml
2 3 4k 1 2 3% 4
LT-101 5/10  6/13 7/15 1,200 900 900
LT-102 5/1 6/5 /5 1,200 300 300
LT-103 5/10  6/13 7/15 1,200 900 300
LT-104 5/2 6/4 7/10 1,000 300 800
LT-105 6/20 7/20 900 900

MT-101 4/20  5/20 6/21 7/21 1,200 900 300 800

MT-102 5/1 6/5 7/15 8/1 1,200 900 800 800

MT-103  4/22 5022  6/22 1000 900 800
MT-104 510 614 7/20 900 800 700
MT-105 515 614 7/20 800 800 700
MN-101 =T

MN-102

(1) Aelo] w2 A $Fa g vhete] v 42T

M-101 Aelel mE ASRNF AF el wgE FEARE S50 9sel
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AH71E ol&sto]l A v EdS AT 50g AES 100g] B2 Aol

= W, Aya] FAA MR S
Gk olu mAES] Wk WA 2= PCAXETIHW A (Tryptone 5.0g, Yeast Extract
2.5g, Dextrose 1.0g, Agar 15.0g /D.W 1,000m/, pH 7.0+0.2)E AF&3F1 o 30CoA] 3U7F
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Table 4-4. Bacterial load of experimental ponds depending on the season

SAAI7I(E/Y) 4 ( X 10* CFU/mb)

= 2z 3 4z 1= 23 3i 4%

LT-101 57 6/5 7/10 121 105 321
LT-102 4/20 5/29 6/28 36 115 312
LT-103 52 6/5 7/10 42 153 416
LT-104 4/20 5/27 /1 180 102 295
LT-105 6/10  7/11 264 116 315

MT-101 4/10 5/10 6/13 7/11 388 14 264 596

MT-102 4/22 5/28 7/6 7/20 490 116 298 624

MT-103 4/11 5/15 6/17 290 129 220
MT-104 5/3 6/9 7/11 14 116 311 528
MT-105 510 6/9 7/11 212 129 272 627
MN-101 5/15 6/20 7/25 725 206 267
MN-102 5/10 6/20 7/25 528 247 298

(2) Aol W A-FAE vte 2 S5 pHH g
M-101 Aol wE Ae-FAG AS v pHHEE SAs7] skl AE AF7E

ke
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o u}&} 2ol M-1019] Fo] oA = 3o Fo] kA Ho 7
A H o] vzl Hleto] pHe| Wskrp A A Ay E3d
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Table 4-5. pH changes in the different zones of the experimental ponds depending

on the season

uhe} G
T Ml

% 23 3 4% 1% 2% 33 4R
LT-101 6.9 6.9 6.6 3.0 8.5 3.9
LT-102 7.3 7.2 6.3 3.1 8.3 3.7
LT-103 7.3 7.0 6.7 3.2 8.5 3.9
LT-104 7.1 7.0 6.8 8.3 8.7 9.1
LT-105 7.0 7.0 6.8 8.2 8.7 9.0
MT-101 6.9 6.8 6.5 5.9 3.2 8.6 9.0 9.1
MT-102 6.8 6.8 6.3 5.6 3.1 8.7 9.3 9.1
MT-103 6.9 6.7 6.5 3.3 3.8 9.2
MT-104 7.1 7.0 6.5 5.3 3.2 8.7 9.0 9.0
MT-105 6.8 6.9 6.6 5.8 8.0 8.7 9.1 9.2
MN-101 6.7 6.6 5.9 8.3 9.3 9.8
MN-102 6.8 6.6 5.4 8.1 9.2 9.9

#ZGA 7 vAEdE AL s

#*Z A 7E18:00 — 20:00AF°]
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Table 4-6. DO changes in the different zones of the experimental ponds

¢
_Z#O
<0

et

=

A7}

32t
7.1

22k
5.5
5.0

6.3

12+
4.2

47}

32t
3.5
3.3
3.5
3.8
3.7
3.9
3.9
3.7
4.0

22F
3.7
3.7
3.7
3.8
3.7
3.9
3.7
3.9
4.0

12k
4.0

pitd

LT-101

6.6
72

4.2

LT-102 4.1

4.3

LT-103 4.2

6.0 7.0
6.6
72

4.3

LT-104 4.1

5.9
6.2

4.2

LT-105 3.9

8.7
8.7

44
4.0

4.1

MT-101 34
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6.9
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6.8
8.9

5.5
6.3

4.0

MT-102 34

4.0

MT-103 3.6

8.2

44 6.2

4.2

3.7
3.9

MT-104 4.3

8.2

5.9
7.1

4.0
2.1

41

MT-105 4.0

4.0

3.1

3.5

MN-101

8.6

6.9

4.2

1.6

31
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(5) Hiole 1w *

Fig. 4-4. Decomposition capability of different microorganism from the biogaragule

@D control @Treated with biogranule

‘: AN \\\Fﬂ
\ i\\\\\‘\“

Fig. 4-5. Experimental p pond and shrimp samples from different culture

ponds.

A S AL ]

Table 4-7. Comparison of shrimp production

(7 AdT(tel e aefE A7)
19ton/12,00033 /% 25ton/12,000%3 /'

— x| 3} 1509k B - 23h:150%H] W

-20021 %= AAEeF 19-20 ton YAt A FA ol He Bk
T A 1‘“5“33_ 712k AT g sAe A
CH aft Fold H AHE FASIE




3. FAUFFE (A3 e - ABTH SHRA

AW ES 43 A= Table 13 2ok & A&ztel 2 Aol gilen, @i 5 249

Shke A7t mka, oA ke EF7F 9lkeal, A& 7F 98kcalZ Al AbE i th.

. A1& 9 cholesterol ¥

7o AAAA Ay AES Y= sterols(Kanazawa et al., 1971; Teshima,
1972; Castell et al., 1975)¥ <1x] & (Kanazawa et al., 1976; Conklin et al., 1980)2 & 4=%
o]ar, 20:5n-3¢} 22:6n-3 To ALEEBXIAPALE AUt o R Aol Yo i E ook
slth(Kanazawa et al., 1979; Teshima et al.,, 1989).

Table 2= tiste] F AA(TL), AAZPL), THAELNL) 2 F Zd=dHE 3
Ebdl otk thxek Ael g Atold F A A 3hEFel= Wty glloy, Ao A
TEFS 90.5%E AAE o, SAHAAE TFEFS 97%E vewd dxTe A HE T
88.0%°]1L, TAA AL shaFe 120%= A9 AA A o] =)

AA class #4247 F FdzHE FFS F AA9 oF 10-19%(w/w)ell o] 231 gl
thZ=77F 190 mg/100g tissue, &7} 150 mg/100g tissue® 2] 79 o ~H = 3Fafo]
OFIF WA UrEbwkth o] of o] PLe| jtEFo] =& At FUAHESY $EE vrol A
glo] e 37 g Ao o] AR Teshima et al. (1986)S C cholesterolS 217 2
(PL)H &4 HFeolatds W A & 5 PL H7H97F F37H 1o ZH28HE gt 9

atlaL, PL F3 7ol A= PLel o3k S| 2HE9 Al o]Fo] ddstA] Xsto] 4%
o] wstH AL skt

ot
o
<

o} A Ak A

a2 RE F AH(TLS FE3ta o5 54(PL) B HANL) AHZ 3 3 F9
Ak x4 W3S Table 3, 401 zHzE Ureby i),

iz TL, PL % NL & tixE# AdAik A& 160, 180, 18:1n-9, 18:2n-6,
20:4n-6, 20:5n-3, 22:5n-3, 22:6n-3 & °|UTh TL & XA P4k, Ewclak 2 zaA il
o gake 7H7; 27.38%, 3355% % 39.07% o, PL F o9 d#FE 7H7 29.88%,
23.80% % 50.32% i, NL % o8 & 717F 25.82%, 27.50% 2 46.69% th. TLe
e PL % NL9 &S nlus] i PLS Ri=dibe] gaFo] wral PUFAS] o] &
HhE, NL2 whole] 4 gs w4t 1813 PUFA % n-3A1€99 #l& =9kt



Ag7e] TL, PL % NL < tisEA<Q AAE A&%= diz=+¢ #l5sted 160, 180,
18:1n-9, 18:2n-6, 20:4n-6, 20:5n-3, 22:5n-3 % 22:6n-3 ATk PL F Z3}A| WAk Bi=ddit
D B xR uRAe] FhEke 2325%, 2853% W 4822% = wlzxTho Hlsto] A HFARe] g
ol ofzh GHAl yERd T 1ejy TLE A5 ol& 3ol Zh7t 27.64%, 27.62% % 44.74%
B BXSpAGAEY] ko] diEgtel mldte] 2 FE HolFo] Aol wE AFdiAbe
A& YEhlE om oA
AR AL AAure] FAREH ¥ FE9 PUFAZE dfso] AAwe] f548 S7HA
1, A Ado) Atz d e s A4 dFS B (Cossins et al, 1978), =2
a1 sk tH(Martin and Ceccaldi, 1977). AJ A =<

A
FEAES FA2EE el oSl E WEH L (Deenan, 1965), FEE H7h Fao] @

N
ﬂll

il
oo
o
k1
i
X
o|N
)
A,
32
o
al
fu
)
N
(o
o
=
o,
=
oX,
=8
P

< Diet 4, Diet 5ol A ¢ Z&2H|
ofd Aoz AztEr},

Teshima et al. (1986) 5 Ul lecithin & 3% 7}3t ¢} H7lelA] &2 +2 ALS3)
FAe W "I A, AEEC] =S ERE ofYE 20:5n-3 ¥ 22:6n-3 ko] T
of vlate] =k, PL 9 Fe2HE ddE 953 Edvha 34

Table 4-8. Proximate composition (%) of prawn muscle

Sample Moisture  Protein Lipids Ash Energy(kcal)
Control 76.9 20.5 1.0 1.6 91
Treatment 75.9 21.2 1.5 14 98

(mg/100g tissue)

Table 4-9. Lipid and cholesterol content of prawn muscle

Lipid
Sample Cholestero
TL PL NL

Control 1024 901 123 190
Treat 1541 1392 149 150
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Table 4-10. Fatty acid compositions (%) of muscle lipids in control prawn

Muscle
Fatty acids TL PL NL
14:0 2.06 0.85 2.32
15:0 anteiso 0.10 0.22 tr
15:0 0.26 1.04 1.76
16:0 16.77 13.86 13.59
16:1n-7 3.62 3.59 3.10
16:0 7Me 0.22 0.11 0.13
16:1n-5 0.20 0.08 0.13
16:2n-7 0.63 0.71 0.24
17:0 iso 0.12 tr 0.11
16:2n-4 0.84 0.19 0.74
17:0 0.21 1.24 1.19
16:3n-4 0.21 2.50 2.99
16:4n-3 0.10 1.76 0.18
16:4n-1 0.29 0.49 0.53
18:0 6.66 6.93 7.67
18:1n-9 14.87 12.81 14.58
18:1n-7 477 3.15 3.53
18:2n-6 4.39 5.76 4772
18:2n-4 0.23 0.22 0.31
18:3n-6 0.23 0.29 0.69
18:3n-4 0.28 0.20 0.21
18:3n-3 0.24 0.81 1.53
18:4n-3 2.31 1.24 3.34
18:4n-1 0.20 0.17 0.13
20:0 0.21 0.28 0.24
20:1n-7 1.58 1.62 141
20:3n-9 0.19 0.25 0.17
20:3n-6 0.34 0.31 0.19
20:4n-6 4.03 5.96 5.05
20:3n-3 0.21 0.19 0.19
20:4n-3 1.43 1.39 1.28
20:5n-3 11.68 17.21 13.29
22:0 0.18 0.21 0.16
22:1n-7 0.19 0.51 0.20
22:1n-5 0.11 tr 0.36
22:2n-6 0.25 tr 0.24
21:5n-3 0.18 0.17 0.19
22:4n-6 0.28 0.32 0.19
22:5n-6 0.71 0.83 0.37
22:4n-3 0.11 0.13 tr
22:5n-3 4.36 5.42 458
24:0 0.66 0.85 tr
22:6n-3 11.68 17.21 13.29
>Saturates 27.38 23.88 25.82
>Monoenes 33.55 23.80 27.50
>Polyenes 39.07 50.32 46.69
“tritrace.
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Table 4-11. Fatty acid compositions (%) of muscle lipids in treat prawn

Muscle
Fatty acids TL PL NL
14:0 1.46 1.25 2.70
15:0 anteiso 0.11 0.18 tr
15:0 1.84 1.09 2.06
16:0 16.79 13.99 14.39
16:1n-7 3.31 4.48 3.84
16:0 7Me 0.21 0.09 0.13
16:1n-5 0.31 0.08 0.10
16:2n-7 0.18 0.47 0.36
17:0 iso 0.18 tr 0.10
16:2n-4 0.84 0.54 0.95
17:0 1.41 1.78 1.28
16:3n-4 2.82 1.78 3.95
16:4n-3 1.12 1.21 0.46
16:4n-1 0.71 0.33 0.64
18:0 7.96 4.68 5.18
18:1n-9 14.88 13.97 13.09
18:1n-7 3.31 2.77 5.05
18:2n-6 4.34 5.06 6.05
18:2n-4 0.32 0.27 0.41
18:3n-6 0.51 0.63 0.72
18:3n-4 0.11 0.16 0.25
18:3n-3 0.37 0.10 0.35
18:4n-3 3.42 2.49 4.21
18:4n-1 0.09 0.14 0.12
20:0 0.22 0.32 0.20
20:1n-7 0.79 0.99 0.58
20:3n-9 0.15 0.19 0.11
20:3n-6 0.27 0.33 0.12
20:4n-6 4.65 6.31 3.02
20:3n-3 0.18 0.20 0.29
20:4n-3 1.16 1.41 1.48
20:5n-3 14.58 16.46 13.17
22:0 0.18 0.16 tr
22:1n-7 0.23 0.29 0.12
22:1n-5 0.33 0.36 0.31
22:2n-6 0.25 0.29 tr
21:5n-3 0.15 0.11 0.17
22:4n-6 0.28 0.35 0.12
22:5n-6 0.58 0.66 0.12
22:4n-3 0.11 0.11 0.12r
22:5n-3 4.62 5.14 3.87
24:0 0.12 0.15 tr
22:6n-3 15.42 14.77 14.23
>Saturates 27.64 23.25 21.67
>Monoenes 27.62 28.53 35.55
>Polyenes 4474 48.22 42.78
“tritrace.
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(3) =44 (Dissolved oxygen)

) .

Mol A =243 7] (600QS, YSI, USA)E ol &

4) B2 e T
Aol ARE AHste] ARAR A Am AABE Do HYan
SN F R Fe] AUANLES B2

, 2002).

AF sk, el B4 (045 um membrane filter) = ©f ¥}

8 AlZE o]83}4 ascorbic acid FWHol <& n|A A=Y

(Menzel, 1965).
(6) =572 2 (Dissolved inorganic nitrogen)
A2 (NH,-N)¥ Indophenol WHol <]a] WA Ay, ofdi Aie
H]

g o}

(NO2-N)+= sulfanilamide-NEDY, cadmium reduction Feol 23|

A4 A4 (NOs-N)+=
A 4 sl

(7) Chlorophyll-a
Ao AFE fHee] AFAZ 27 oJ3A (045 um, membrane filter)oll ] 7}A]
YAl A FE3333 A (Genesysd, USA)2] 630,

A

90% oHAE Fow FEEF AL

AR
647, 664 2 750nmoll A =43kl E24 5

[ R s B2
AABA AN IS sters] Askel AA Ad vrol oS Al 74 YT
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20041 5€FE 20059 397bA] Wi 13] ZFEA

g 2454

of ZAbskSlt
g HE2 g4 d (10 mx10 mE
ow, Zt AT Woll= g 24231 em x 53 cm x 16 cm) 6
2] 7€ 5 me ST} (Fig. 5-3).
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F71 A% A-AALA (Rlel L 21elE)= 3.6 ke/100

g e AANHEI}E 73



ol &A1 %24 (1.8 kg/100 m?)H o}

P
~

A E (10 m x 10 m)el
2= gt ~e 42k (31 ecm x 53

el
T

~

3.6 kg/100 m*E

=

%2l 57 g/0.16 m*S

l

H

2e

o &=

cm x 16 cm)

2004

o))

aelE

20041 129 H-E

of

T AEFAT. ol

4 F71= 73 &

so] Aol
Al

54

e

-
.

oH,

u_—c‘,—}

-

B 13/

o=
T T

ki3

23]

2 A

wr

59 vl

A

200551 3974~

FHE

1 3}

T (10 m x 10 m)

g}

™

ATk AEA

5

2 g 2

LL)

(

&

%47

1}

gsE (H.S)

A2 (31 cm

X~ E]
— =1

RE

3
x 53 cm x 16 cm)lA XM 5 cm Zo|7tx[e] XMZE 40-50 g2 K 540

3|

=K

__o_l

ol
OH

<
ol

<

St ct.

Ir

A
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(1) 23}= (Sulfide)
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AR A 4
Foras o2 FYstel dAwe WA WA FREFS A

ot

kA &

S(mga/g, dry base)= 2 X229 =2 X

Sl: N (g ), S2: AxMEE (%)

AAAZ 20 g& =7F]el FHete] FAE 1 mg 997HA S F, 100C Azx=7] A
2407 st s AEAA FAE SAT ts 50T A7) FstRolM 247 St &
ol & wi7Ax AAsdnt. dAAlolEr Lol e tE FAE S48kl AFHIT AR
ek S MEe= Yeb A

4

|

Qs vpAE Aldoj el AEeto] AEINA BItol] wE wpx| o] HAAAolE
a2 20059 4 AHAIZEA vl 13] Al w AT AT A3 (v
ol aeEAE ) Tl dFEA (30 cm x 30 cm)E FAFIA O T & A &
& o]&ste] 10-15 cm Zo|7hA AAE o] BT "2 F
d A - AAFHE T AFE v R APAR H0 F o] Zodde wWe AAE FH
3% APl ARSI

npxj ko] z}A Zbal ZFE 2 vyernier calipersE ©]€319] 001 cm 997MA] A5 A
ARTFd SEFS AR A HAFE o] &5kl 001 g7kA SASATE 4 H[W =
(condition index) W3}A4Eli= Momoyama and Ishmoto(1979)2] HIWFZ= AlAb2] (MW ==83F

Fx1000/(A4 x Zhal x Z43F)S o] gste] A W FEE £AMSHA T

AgTsl gzTe 27 42 10m x 10 m 2712 84T e Agags, 48T

.
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7 AT uAE 2

F

&

rlo

AP TE 80 ke/100 m, 22 FFE 116 g/0.16 m' b &=

L3

7} A,

e FoE 2004 59 A FHelA AatE RS FYste] dElat AbE A nhA
gtFEA el AddT (10 m x 10 m)o] A9 thxFo 4utH o A¥sta, AILA 6.0
gdt FOE dAdF 72 FEuit 80 ke/100 mA AEFATE 20054 49 AFHE o E
AQdEe] srE ol&ste] AP st o, AH e vpA g Fatol] ol &S 3ol A

3. A4 A
7y ag7ke) AolE BAEY] fete] AAd RE B4 B4& SPSS 10.0k (SPSS, USA)
of F IFZ Blue A T-tests AASAIL, Ul Z2FIF Hl LA
T A B S AASA T T-testet dYulA] 2R {2458 0.050 W= A

Aol om AdYhufx] AR o] ALE A Ao A= Duncan’s multiple range test (Nie et al.,

0

A2Ad ATFALTe 25

1 2% $zUdMe A2 A5
FAdxAY AW (F8FZF, 60 cm x 30 cm x 30 c)oll A Hlole g s A X wE
T2 vkxge] gEH 2 A WstE AR A 20049 69 49 HEH 79 179704 43

1o
o

AA 8 A= Fig. 7, 8 2 Table 149 7T},

1) $3}= (Sulfide)

A gts frEjgze] 8% § /)3l wE 4 AE
EF A 0-0.012 (F+ 0.004 + 0.00)mg/g - dryAth. 28 =%
EAET 013 mg/g - dry, VIAET 014 mg/g - dryQth 2eElE AEFE 0.103-0.202 (F

>
i
©
i}
BN
41
1o,
ot
Lot
i
off
l
i
o
B
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T 0.154 + 0.04) mg/g - dry® P]4AET- 0.145-0.365 (B 0.291 + 0.09) mg/g - dryell H] 3l
S F3tE =5 UEHAY (Table 14).

Hpol @ TefE Hdxe e v A
mg/g - dryRth. VA ET = dxed v 343 I3t v= 7S B §F HisE
0.36 mg/g - drys YWEAT (Fig. 7). Az AA7bet dx= v v

T4 g B #3E FEE YERT (P<0.05).

Zot AA3 Z71sle] Hu Fx 0.2

R

(&)

7

N

ki

(A

05 r

—o— Control

45 -
0.45 —e— Treatment

04 |  —a— Non—treatment
0.35 -

03 r
025 r

HeS(mg/g-dry)

015 r

0.05 ~
/y/‘o-\r\/\ ; —
0
1st Week 2nd Week 3rd week 4th Week 5th Week
Elapsed days

Fig. 5-4. Weekly changes in the sulfide of experiments in aquaria.
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Table 5-1. Changes in the ignition loss and sulfide of experimental

aquaria
‘04. 6/9 6/18 6/24 7/5 7/17
Control . . . . .
) 0 0.012° 0.002° 0.007 0
(Kaoline)

Sulfide  Treatment

0.124* 0.157° 0.185° 0.202° 0.103"
(mg/g - dry) (Mud)

Non—-Treatment

0.145% 0.280° 0.365" 0.365" 0.298"

(Mud)

Control

oniro 085" 304" 264 266" 225

(Kaoline)
Ignition

Treatment a a b a a
Loss 6.09 6.32 494 5.88 5.36
%) (Mud)

Non-Treatment

6.52"  6.79° 6.06° 657" 6.03"
(Mud)

% The lettersk (a, b, ¢) above numbers indicate statistical differences (P<0.05).

e & Wste A7A gskey AE T 5.35-6.32% (H 572 + 0.56%)7F
VAET 6.02-6.79% (Bt 640 + 0.34%)°l Hla] FEzFe]l o HAaskdvt (Fig. 8). =

T AEAEASe} I Ale v FadEder FoAd s AolE WEUY
(P<0.05). Al 2w ez SARMA adsdExyot vdxy ds Fo4 U= A
ol YERNA kAR, Az e} vdx T o] FoA HIFolM = Hxe] AEF O



TR fo8 A A GEhT (P<0.05).

B
20

AL E

S ¥ 7|(aeration)
Fxo A FHEGE 7Y

%4 gob A

=
)

o

HF Buk A e

&40 2 oA vers

Zs

l

uT ez

f_r"L
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<

A

B
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Ignition loss(%)

SL/‘\I__—z\I

\ —e— Control —e— Treafrent —a— Non—treatment\

0 |
1st Week 2nd Week 3d week 4th week 5h Week

Elapsed days

Fig. 5-5. Weekly changes in the ignition loss of experimental aquaria.

Agolgel AAF Ao FAWRE BH3ky] fIstel 20043 SUFEHA0059 49717
Mg e (0), MF (100, pH, £E44 (mg/l), SSAME2TH (mg/lL), 4+
(mg/L), $EF71 4% (mg/L), 2EEF-a (ug/L)e EAtGor, oo e 448 43

< Fig. 9-16 3 Table 150 2tz YR ATt

(1) & 2 uF
T WES Fig. 99 &t} 2004 5€9 v}
A BEA £ 182CE P vzdgor], 88 JF B6CAAE Feo] F7sto]
0R e vropt AFA Seluet g £ BZE Uitk 583 129744
.o}

, 78 T 99 T2 FHE GAE lste] HdEY

05-07C¥=A Yebyot
ZAF 717 s Ao 28 89 A 28T ol A #A=H o, FRAl V9o S
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PR PUE I

=z
gl
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 1.0189= Tt}

‘—0—2004 —=— 2003 —— Average ‘
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(0,)8injeladuwal Jalep
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Dec. Jan.

Aug. Sep. Oct. Nov.

Jul.

May Jun.

Month

Fig. 5-6. Monthly changes in the water temperature at the experimental

farm.
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Table 5-2. Water quality of experimental farm area

Depth Teamp. S. G ol DO W.COD DIN PO,~P Chlo.-a
() (1.0-) (mg/#¢) (mg/#¢) (mg/2) (mg/?) (ug/¥¢)
May Surface 182 243 807 813 166 0019 0008 584
‘04 Bottom 810 798 0019 0008 7.19
Surface 219 220 822 116 238 0025 0005 761
Jun g tom 80 60 0025 0006 738
Surface 243 203 803 824 190 0084 0004 7.87
Jul Bottom 814 1048 0060 0001 866
Surface 256 196 794 818 209 0034 0014 746
Aug. Bottom 791 6.39 0025 0014 451
Surface 243 189 820 881 132 0033 0024 11.44
Sep Bottom 810 859 0034 0021 1259
Surface 200 216 806 847 201 0033 0015 1212
Oct Bottom 808 866 0.030 0016 9.20
Surface 150 241 804 963 172 0033 0024 4.89
Nov. Bottom 805 9.89 0034 0021 473
Surface 92 256 810 980 170 0030 0012 510
Dec. Bottom 810  9.80 0.030 0.013  4.60
Jan. Surface 41 262 816 1245 094 0.063 0014 -
‘05 Bottom 822 1230 0055 0021 -
Surface 46 265 814 1310 101 0084 0010 -
eb. Bottom 820 12.88 0117 0015 -
Surface 74 264 815 1201 141 0079 0012 -
Mar p ttom 808 958 009%5 0018 -
Surface 139 257 810 910 048 0052 0007 -
Apr. Bottom 810 889 0055 0010 -

% S. G(1.0-) : Specific gravity; W. COD (Water chemical oxygen demand).
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Specific gravity(1.0-)
s 8 &8 8§ B

8

3

—0— 2004 —=— 20083 —— Average

s

May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr.
hozi
Month

Fig. 5-7. Monthly changes in the specific gravity at the experimental

farm.

pHE AF7IFEer 250l 7.94-822, AFol 791-822 M= AF9 pH7F €7 29
ok X - AT BT 79-82 WA 2 AolE UehliAl= skt (Fig. 11). AE7I7t
= %3 AF9 pH WaE By 259 A4S 2004 6€0] 8222 7HF =% 8€o] 79
2 7 gekon A= 20054 190] 8228 7MF =kal 8¥o] 791® b wgkon ¥

2o pH Aol el Hx Lk}

ol
=
2

(3) &2 (Dissolved oxygen)
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(4) 3t A 24~ 7% (Chemical oxygen demand)
T4 CODE= 1.32-238 mg/L= 69, 899 COD#S AYstais 9O saed 20
mg/LET @A Jegton €W W3t kA Fig. 139 YeEAT Al wE FE3k 2

ol wlloy, o] v AxHe] v Ade nls) w2 e T Ee HERL

A2 FEE EE 0.004-0.024 mg/L, AF 0.001-0.021 mg/LIrh (Fig. 14). 7Hg

2004 79 Aol 0004 mg/LE JERIQIT  EEFH AS3 fo

Qi Aol= AT oy 005). 99, 19 A F=E FZF AZA 0020 mg/LE =
S GA R A EAF Dol AE 002 mg/LE WA ekt

o,
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Fig. 5-8. Monthly changes in the pH at the experimental farm.
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Fig. 5-9. Monthly changes in the dissolved oxygen at the experimental farm.
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May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr.

o
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Fig. 5-10. Monthly changes in the COD at the experimental farm.
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0083 r
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POs—P(mg/L)
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S

001

001

0.00
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joZ!
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Fig. 5-11. Monthly changes in the PO4,—P at the experimental farm.

(6) &5 7142 (Dissolved inorganic nitrogen)

pEUolda, obditd s, Aadae] AR A Ve §EFIAADINE Aol
ol ;FlA 0.019-0.084 mg/L, A5lA 0.019-0.060 mg/LE YEFNAT (Fig. 15). A5+
o A& Agdol ThE Adel val e §ETAL FEE YPUdt fERds

(DIN)&= Adojde] :ZFelA 0.019-0.034 mg/L, AFolA 0.019-0.060 mg/LE YEFH AT
Zgepo] Mo 99-1290] ThE A} ARtk U FEE el

(7) Chlorophyll-a
A71tEet F2E2H-a 55 543 AxE B3I 489-1212 ug/lL, AFelA
xZo v3 = o SAdY (Fig. 16). € WHASGGS 24
E35H AZFolA 2004 9€ Y} 10€¥€el =2 T TEE EAT 20049 11€, 12€92& % -
]

H
Fol Al thE 2AF Wl el YU Re BEge e

451-1259 ug/LoZ A Fo9]
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‘™
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Fig. 5-12. Monthly changes in the DIN at the experimental farm.

_83_



14.0

120

10.0

Chlorophyll-a(ug/L)
> (0] oe]
(@] (@) (@]

N
o

o
o

—e— Surface —— Bottom

May Jun. Jul. Aug. Sep. COct. Nov.

Month

Dec.

Fig. 5-13. Monthly changes in the chlorophyll-a at the experimental

farm.

gl

slojZFoll A 2004 5€EF-EH 20054 3E7FA] FERA| ARE
% =4 A= Table 16, 17 2 Fig. 17-219] e AT
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O WA F3t=
Aad e gstE Hd v 79 AP+ 001 £ 0005 mg/g - dry, tHE7+ 0.01

+ 0.003 mg/g - dryAth 8¥2 AT dx++ 5 AFF 0.027 £ 0.003 mg/g - dry, o
Z9 0024 £ 0001 mg/g - dry= 7€l v]&] 28] o] =A YEyth o]F tRTE 33
E SRV AHAH R Frtstd oy, adles Axd AF¥E gz gy SUhshA ¢
i HAH o ® st (Fig. 17).

A7 s FEE AdF7F 0.009-0.028 (H 0.019 = 0.005)mg/g - dryS=
=79 0.010-0.046 (3 0.028 + 0.008) mg/g - dryRth ¢ w2 s w25 YEUA
o AdTe iz 2718 SdstEsol e A4 w4 Ad= Fig. 189 YEd
o}

2004 3/4%7] AT dxz+9 F3tE W =+ EF 0.021 + 0.009 mg/g - dry=
FolAde YERA ok (P>0.05), 2004 4/4%-7] #F8E FEE A7 0.021 £ 0.012
mg/g + dryS. 2 tE+ 0041 £ 0017 mg/g - dryE ot #Fold Q= 22 Fde s=5 UE
ok (P<0.05). 20059 1/47]1+ A3+ 0.013 £ 0.004 mg/g - dry, tiz=7 0.023 + 0.006
mg/g - dryS 2 AAF7F FoAd v 2 FstE v E YERAT (P<0.05)
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Fig. 5-14. Monthly changes in the sulfide at the large experimental

farm.
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0.07

O Control
006 Treatrrent

006 -
0.04 -

003 - *

HoS(mg/g-dry

002 -

0.01

0.00
‘4. 3/4 04 4/4 ‘6. 1/4

During three nonths

Fig. 5-15. Variation in the average sulfide during three months at the
large experimental farm. The asterisks ( *) above bars indicate

statistical differences from control (P<0.05).

A 10 m x 10 mWll AA 8 &2dd+ Bl em x 53 cm x 16 cm)ol A 9] &3t=
FEE 20049 7€ 0.018 mg/g - dry, tlE+ 0.017 mg/g - dryS oy, 89+ A9 o
9 B 79 wlE] 28] o] w2 AdT 0.052 + 0019 mg/g - dry, tiET 0.062 £
0.007 mg/g - dryith. A3 77HEt A 8= Fdses AP 0.014-0.052 (F+ 0.032
+ 0.005) mg/g - dry, tiZ&7 0.017- 0.064 (33 0.044 + 0.04) mg/g - dry= HAFF7} =
TR o sekt (Fig. 19).

AT dxTe FatEwwed gk FAF FAAS AMEGEIDE HAAG A

rr



Fig. 20, 219 20}, 223879 94 382 srs 497 487, 487 Q27 iz
T AYT, HET ET A1FoR o] Ml § A3 2004d 34RV)E o OF
BE Ho4e LA @A 20049 4487 AFTIE 0041 + 0.015mg/g - dry,

0.044 + 0.017 mg/g - drye.2 T2 ¥ gAdd 7 A" 279 0063 + 0.025 mg/

g - dryR Tt oA JA A YERSTE (Fig. 20, P<0.05). 20059 1/4871% A& 71 0.025
+ 0.009 mg/g - dry, 0.021+ 0.014 mg/g - dryZ tZT9] 0.045 + 0.027 mg/g - dry Rt} &

o4 A ekt (P<0.05).
71 oA 2004 4/4%F71¢F 20051 1/4%7]5< A= txTol vl $gstE

TEE Y ¥ (Fig. 2D).
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0.00
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Fig. 5-16. Monthly changes in the sulfide at the small experimental

farm.
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04. 3/4 04. 4/4 05.1/4
During three month

& Control in Control 1 Control in Treatment
Treatment in Control [ Treatment in Treatment

Fig. 5-17. Variation in the average sulfide during three months at the
four small groups in large scale experiments. [The asterisks ( *)

above bars indicate statistical differences from control (P<0.05)].
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0.00
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During three months
Fig. 5-18. Variation in the average sulfide during three months at
the small scale experiments in large scale experriments.

[The asterisks (*) above bars indicate statistical differences

from control (P<0.05)].

7HE =2 FstE saT 12€ U2y AT A 283E Y giEzTell A 0.070
+ 0.021 mg/g - dry2 7F¥ =9t} (Table 16).
R AL 717 A A e delEree A7 gzl vlE o v¢e #stE
T

ool Aol g Fof AP TN AT dx2Te FIE F=E 247 v
B fAd ol E 2dgE A7 109 0028 £ 0.006 mg/g - dry® 7FE =gka, thx
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104¢ 0.046 + 0.007 mg/g - dry, 119 0.045 + 0.028 mg/g - dry= YEST (Table 17).
B3 2 Gl APTFE dETo ve B FE FEE AT 22T

=
T 849 0.052 + 0.019 mg/g - dry= 7Hg =%, 2T+

=
rlr

>
ot

dry, 129 0.064 + 0.012 mg/g - dry® =t} ZAZ|F §oF 1
[e3]

8

gl

Aol mle] oA A Dol A B2 ke $EE JERAIT
‘?_
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Table 5-3. Monthly changes in the average sulfide at the small

experiments in large scale experiments

Treatment Groups

of large Experiment

Control Groups

of large Experiment

Sulfide
Treatment Control Treatment Control

Jul.'04 0.017£0.003  0.018+£0.001  0.010£0.002  0.014£0.003
Aug. 0.042+£0.012  0.047£0.024  0.066£0.018  0.056£0.015
Sep. 0.030+£0.007  0.039+0.012  0.037£0.014  0.042+0.012
Oct. 0.040+0.004  0.055+£0.014  0.042+0.011  0.049+0.010
Nov. 0.043£0.006 ~ 0.063£0.025  0.061£0.012  0.065+0.007
Dec. 0.042+0.020  0.070£0.021  0.036+0.009  0.034+0.011

Jan.'05 0.018+0.007  0.051£0.031  0.028+0.006  0.039+0.012
Feb. 0.017£0.010  0.028+0.010  0.017+£0.001  0.017+0.002
Mar. 0.027+£0.006  0.046+0.020  0.031+0.007  0.034+0.007
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Table 5-4. Monthly changes in the average sulfide in large and small scale experiments

Large scale groups

Small scale groups

Sulfide
Treatment Control Treatment Control
Jul." 04 0.010£0.005  0.010+0.003  0.018+0.007  0.017£0.004
Aug. 0.027£0.003  0.024+0.001  0.052+0.019  0.062+0.007
Sep. 0.027£0.005  0.029+0.006  0.033+£0.005  0.045%0.014
Oct. 0.028+£0.006  0.046+0.007  0.040+0.004  0.052+0.012
Nov. 0.023£0.017  0.045+0.028  0.048+0.005  0.058+0.012
Dec. 0.013+0.006  0.032+0.012 0.033+0007 0.064+0.012
Jan.'05 0.009+0.001 0.020£0.008  0.022+0.005  0.034+0.007
Feb. 0.014£0.001  0.024+0.004  0.014+0.003  0.020£0.004
Mar. 0.017+0.001 0.024£0.008  0.027+0.007  0.045+0.009
(2) <97 % (Ignition Loss)
A7IE s AT dxTe AERE 54 A= Fig. 22-26, Table 18, 199 2
=
O 9 EAHF
PR 7] 7

2.15-4.02% (H

Tar

oA 4.0% ©o]st

352 +

_94_

AT (10 m x 10 molA FEaTES veleadges 4z A7t

0.35%), Zx7- 2.15-584% (F 414 + 052%)= HAFF7F =
seton, 99 o] iE AP BEHLFS FUkekA Fa FAHAG (Fig. 22).
iz 119 582 + 1.38%= 7MY =& 4
CAATe dxzTe A



B3 A3 Fig 239 2uh A8 279 20049 3487 29 gz2+t f9d4 3
ol 7F 1A AW (P<0.05), 2004'd 4/4%-7]1= AP F7F 394 £ 0.72% % thx 489 + 1.13% K
o o)A AdA WA YERgTE (P<0.05). 20059 1/4E 7 E AE = 356 + 0.46% 2 T
Z7 415 + 052%HETE FoA UA Skt (P<0.05). 2004 4/4%-719F 200519 1/4%-7] 9]
A7 dizTol vl o v AERES vEd AL nvpoleadsd fAMte] A A
Ul fr1E8S AEHez 288t 7] wiEolth

AT (10 m x 10 m)Wiel] Ax¥" 2438+ (31 cm x 53 cm x 16 cm)9] €4 74

-
el 2w ¥ v FEade JEhidY (Fig. 24). 24979 444+

= Ul 2oz FEste] vug Ay il gy A= 358 + 0.32%,
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Fig. 5-19. Monthly changes in the ignition loss at the large scale experiments.

_96_



7.0 r

O Control
60 - H Treatment

Ignition Loss(%)

0.0

‘04. 3/4 ‘04. 4/4 '05.1/4
During three month

Fig. 5-20. Variation in the average ignition loss during three months
at the large experimental farm. [The asterisks (*) above

bars indicate statistical differences from control(P<0.05)].
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Fig. 5-21. Monthly changes in the ignition loss at the small scale experiments.

=Tt 419 £ 0.24%, WA D 7 AT 413 + 0.23%, thHET 469 + 052% =4 1
HEs Axd gdAdFue] AP Tl B e AEdES dEU AT (Table 18).
AT AXE AAFETE U 2Fe®E R 155 wrE AEuEs v
A3 Fig. 2594 2ok 2004 3/4%7])+= wpol e aedE x 3
+ 1.0%, HET7F 332 + 0.82% = "AE PAF T 2T 48
Al vkekth (P<0.05). 2005 1/4771% wloladfss Abxst A3 ge] A3 353 +
0.80%, 3.65 + 0.71% ol tzT2] 421 + 0.81%, 428 + 0.93% Kt} FA4 UA ke Fdzt
Fs HERIATE (P<0.05).
A7 ek B Al Aot T T
W 3/4%7], 2004 4/4%- 7= AT dlE2T3F AhiaEed fo48 A= AolE YEA
eror ot 20054 1/4871E AE T 359 + 0.74% %2 ET 424 + 086% KT oA =

L

OF ZFE7EF vlwo) A E 2004

kil



ARG TA EzTe] AEnFES 77 vl BH A
A ES AEXT AU 215-4.02%(H 352 £ 0.35%), T 2.15-5.84(F
+ 05 S YRt AAE TN =
FAzrEEe 386 £ 0.3%, T 444 £ 041%% A7 ol v& e Faduss
UER ST (Table 19).
olge] AtellA #7E APt xR FoA HANAE
7F el vle foA Jde e FIduHS vkl AL nA g

aA s FAe] AFHeRE Frles LalE7] witelt

aHES HTE AET

2005 1/4%7] A

P el HEF whol

= -1 1T

to

Table 5-5. Monthly changes in the average ignition loss at the small

experiments in large scale experiments

Treatment Groups Control Groups

of large Experiment of large Experiment

Ignition loss

Treatment Control Treatment Control
Jul.'04 2.91+0.71 3.08+0.49 4.48+0.83 5.80+0.43
Aug. 2.48+0.58 2.57%0.29 3.51+0.43 3.67+0.54
Sep. 3.51+0.43 3.67+0.54 4.42+0.52 5.08+0.86
Oct. 4.72+0.80 5.11+0.63 4.54+0.61 5.31+1.88
Nov. 4.43+0.87 5.46+0.83 5.19+0.39 4.83+0.16
Dec. 3.92+0.20 4.89+0.70 4.16+0.12 4.64+0.48
Jan.'05 3.90+0.73 5.23+0.42 4.41+0.25 5.09+0.52
Feb. 2.68+0.16 3.68+0.71 2.96+0.21 3.96+0.40
Mar. 3.70+0.19 4.01+0.12 3.48+0.14 3.80+0.22
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Fig. 5-22. Variation in the average ignition loss during three months at
the four small groups in large scale experiments. [The lettersk

(a, b, c) above bars indicate statistical differences (P<0.05)].
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0.0

‘04. 3/4 ‘04. 4/4 '05.1/4
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Fig. 5-23. Variation in the average ignition loss during three months
at the small scale experiments in large scale experiments. [The

asterisks ( *) above bars indicate statistical differences from

control (P<0.05)].
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Table 5-6. Monthly changes in the average ignition loss in large and

small scale experiments

Large scale groups Small scale groups
Ignition Loss

Treatment Control Treatment Control

Jul.'04 2.99+0.08 3.06+0.97 3.70+1.09 4.44+1.52
Aug. 2.15£0.80 2.15+0.24 2.99+0.62 3.12+0.71
Sep. 4.02+0.59 4.94+0.16 4.43+0.38 4.58+0.79
Oct. 4.02+1.08 4.07+0.87 4.63+0.67 5.21+1.30
Nov. 3.88+0.75 5.84+1.38 4.81+0.74 5.15+0.70
Dec. 3.93+0.56 4.75+0.18 4.04+0.20 4.77+0.57
Jan.'05 3.75%0.73 4.73+0.43 4.16+0.57 5.16+0.45
Feb. 3.23+0.19 3.70+0.22 2.82+0.23 3.82+0.55
Mar. 3.71+0.12 4.02+0.12 3.59+0.19 3.90+0.20

o v Y

AR Aol el A 2004 5UFH 20058 AA7A whA el Fa A4, Zha, 7,

HIWEE 55 ZAMSE A3+ Table 20 ¥ Fig. 27-33¢] WER AT

(1) =

A 7)17F Fob vpx g ANASHEe] W8l Table 203 o] AEZA Hit 6.02 g2l whA|
gto] AFFEA (2005 49) HiF 1078 go &, T HiF 1023 g FHo o] Feo
A ey (P>0.05), Moz FFo 9 F7tEEE veleadss Hxe A7t

el wlel =2 WA HdTde JERHAY (Fig. 27). d¥ =2 ] S7h&5xEs 74

- 102 -



A% Hr7F =3 HATE 2005

aF AT,

1 2971 A) =

O =
o °

JE ot 10858 o

S
=

AN we 4

dr

Al

ol

;g-

0

P A BEA 22 ThA]

o

24 362 m=z FolAe v (Fig. 28). 2004 595

1 297k A= &

O =
o °

g o

=]

ke
T T

e e 109 o

- 103 -



12.0

11.0

10.0

9.0

8.0

7.0

Total weight(g)

6.0
50

4.0

Fig. 5-24.
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Monthly changes in the average total weight at the experimental farm.
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Table 5-7. Variation in the average total weight, shell length, meat weight
and condition factor of the Manila clam from May 2004 to April
2005.

May.
‘0317 Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr.

Treatment 6.0 78 82 90 97 96 96 97 93 104 10.8

T. W.

©)  Control 60 77 78 89 93 93 93 94 96 95 102
o 1 Treatment 316 335 342 346 352 350 357 358 354 364 363
(mm)

Control 31.6 339 33.6 35.0 35.1 34.1 35.3 35.2 35.7 356 36.2

g g Treatment 21.3 23.3 239 245 24.8 2477 24.9 28.0 24.6 253 24.8

(mm) Control  21.3 22.8 23.5 244 245 243 244 27.0 25.0 245 24.8

S W Treatment 14.2 158 159 165 17.2 16.7 169 17.0 16.7 172 17.1

(mm) ool 142 155 158 165 167 164 167 168 167 170 17.1

MW Treatment 2.3 25 24 25 21 22 23 21 23 24 25

©®  Control 23 25 22 25 20 21 22 20 24 23 24

g y [Ireatment - 42 43 48 54 51 51 53 52 56 58

©  Control - 40 40 47 51 49 51 52 53 50 54

Treatment - 0.20 0.18 0.17 0.14 0.15 0.16 0.12 0.16 0.15 0.16
C L
Control - 0.20 0.18 0.17 0.14 0.15 0.15 0.13 0.16 0.15 0.15

% TW. : Total weight, S.L.. : Shell length, S.H. : Shell height, S.W. :Shell width, M.W. :
Meat weight. SW : Shell weight, C.I. : Condition index.
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Fig. 5-25. Monthly changes in the average shell length of Manila

clam, Ruditapes philippinarum at the experimental farm.
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Fig. 5-26. Monthly changes in the average shell height of Manila

clam, Ruditapes philippinarum at the experimental farm.
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Fig. 5-27. Monthly changes in the average shell width of Manila

clam, Ruditapes philippinarum at the experimental farm.
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Fig. 5-28. Monthly changes in the average meat weight of Manila

clam, Ruditapes philippinarum at the experimental farm.
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Fig. 5-29. Monthly changes in the average shell weight of Manila

clam, Ruditapes philippinarum at the experimental farm.
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Fig. 5-30. Monthly changes in the condition index of Manila clam,

Ruditapes philippinarum at the experimental farm.
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Fig. 5-31. Total production of Manila clam, Fuditapes philippinarum from experimental.
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Fig. 5-32. Weight gain rate of Manila clam, Fuditapes philippinarum i small farm.
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