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Tufimmadeafutuiunuamieesosan Tuvusfigamnfivh EC gamgliennia uageutudusing
fanudiuslufiemmsatuiig dumuheesoisaafitanmamedsuuuiaiuiidunugad
W 6.915x10° cell/ml pH 1ad8 6.86:+0.56 EC e 053007 mS/cm gamnfitiiads 30.59+151 °C
gaungii pH uazgamgioniadianuduiusluiemadeatufusuuamieaasisaa Tuvae
7l EC wavmrmituduimsdanuduiuslufiansmsstudo
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ABSTRACT

The objective of this research was to compare the growth rate differences between
Chlorella sp. cultured using the traditional method and pure Chlorella sp. cultivation and
study the relationship between the number of Chlorella sp. cells and environmental factors.
The traditional cultivation method uses inoculum from the Chlorella sp. production pond
at Nakhon Si Thammarat College of Agriculture and Technology. The pure Chlorella sp.
cultivation uses inoculum from the Songkhla Inland Fisheries Research and Development
Center. The Chlorella sp. cultivation experiment was conducted in 1.5-liter plastic bottles
under a light intensity of 2,000+500 lux, with a 24 hour light exposure period. A plant nutrient
solution was provided with an initial electrical conductivity (EC) of 0.7 mS/cm and a pH of 6.
The initial Chlorella sp. cell count was 3x10% cells per milliliter (cell/ml). Chlorella sp. cell
counts were recorded using haemacytometer. Data on air temperature, water temperature,
relative humidity, pH, and EC were collected once daily for 20 days. The study found that
Chlorella sp. from the pure inoculum average cell count was 1.716x10 cells/ml, significantly
higher than the traditional cultivation method (p<0.05). The average pH was 7.40+0.97, the
average EC was 0.63+0.05 mS/cm, and the average water temperature was 30.69+0.80 °C.
The pH value showed a positive correlation with the number of Chlorella sp. cells, while
water temperature, EC, air temperature, and relative humidity showed a negative correlation.
Chlorella sp. from the traditional cultivation method showed the average cell count was
6.915x10° cells/ml, the average pH was 6.86+0.56, the average EC was 0.53+0.07 mS/cm,
and the average water temperature was 30.59+1.51 °C. Water temperature, pH, and air
temperature showed a positive correlation with the number of Chlorella sp. cells, while EC

and relative humidity showed a negative correlation.
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amserasLsaal (Chlorella sp.) Wuamsesuaidnaglududu (order) Chlorococcales
AsaUASI (family) Oocytaceae ana (genus) Chlorella Wandanwagnauvsonaxs JdunuAugna
Ustanas 1-10 lailasins [1] §83en shegifuwadifieny (unicellulan vieogsiuduungy (colony)
liansnsoindeudiliios amseasoisaamuitiluluthisuastdnfu Wekugessanaiesay 42-58
Tasfudenas 5-00 vearnvtinude f3naud winualsiy (B-carotenes) waginiiud (B1, B2, B6
uay B12) $1uanmnn (1] uaznsaludulaBusangy PUFAs (2] Ssdinmsineidsafiondnansvanily
Wamnalvdluseauanamnssy dewniduansefimzasshonasldsrevnanlunsuandudios
3.7 Ju Feiimshanlduselonilusnundndnsiasuemns ndndausiaiosdonsd nssnwmnenain
mswanlulediea [1] dmsulssleniumsmnzdodniidoshunduemsdniiuseulaenss
inidsuazihundsunasinoudns W lsies Tsuas Tafinen Wothundusmsvesdn i
Susousnmesvis leewmnzdnnduennslsundidnduemmssssumnanavesdniineseu Tlushuas
(Uszana 74.09 Wesidudvanimidnuia) [3] ﬁﬂﬁé’m’ﬁwLﬁzy@uimﬁt,l,azﬁé“mﬁamqq 91891
mméfaqmﬂ%’lil,mqﬁw%“uLﬂuamﬁé’mﬁwadQuéﬂ’wmﬂixmﬂfﬁml,axaa’lﬁﬂixmﬂfﬁmhmu
50 annil nuindiausesnsldlsuns 50-200 Alansusafieu lneanudeinislilsunsgdludinsiou
wowandmaiay wmszdugasggniaimiziiuguan (4] nsneiassamsenasisaailaeluil
2 anwaly ﬁamimwL?iyaﬂuﬁangﬁamiLLazmiL‘wwLgaqﬂ'%mmanﬂ ﬂﬂiwaLgaﬂuﬁawﬁﬁﬁﬂ'ﬁ
azlé’ﬁal,s'?jyau%qwé Unrnmsuuitou msinsdssamsenassaausunasnndunisingaes
nanauds Tgmsemevansviin Wud Jeeen eivenmans wazownsuin GagiliiAanisuudeu
1¢ 1wy duvIduasunasineuivvindu mndnamieaasisaanitotmiiueimslsunsdiu
Tngldannmsmzidssdenan anmsduntvalinunsnsfivszauanudisalunisusznevendn
inzidsslsunwassnedninats SmiauaseIsIsus Y nuiwandmsenasisaaie uems
Tsunshemues lnglddeamsonasisaaninaniuandedainanuuusioiiosszana 2040
WesiudvesUSumsihitldnanlsuns [5] Fsasifiuidedldudosunamn (6] wuzhlilda
WnduiFusi 10 Wedldust uitlyvniimudenandnlsundildliaiiaue Suduandeyanandnuas
selaarnnisdminglsundlugaet w.a.2560-2562 [7] A4 Figure 1 way 2
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Income from selling Moina macrocopa
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Figure 1 Diagram of income from selling Moina macrocopa
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Figure 2 Moina macrocopa product
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Figure 3 Diagram of results of analysis of differences in production and income from the

sale of Moina macrocopa in 2017-2019
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Waamvnsainnszds 7) A1 EC Buduminfu 0.7 mS/cm) f1 pH (308U 6 9) S1uiunaslsaan
B 3x10° cel/ml fudsmusiuu 6 fuus Tiud 1) gamgiiennia 2) sumgiith 3) Ay
NS 4) pH 5) EC 6) 31uaunaolsaan

1.3 dsngunsaidmiumsiiusiusindeyaldud 1) niesinanududuivg 2) 1adests
gumnionne 3) infesTngaugiitn 4) in3asin pH 5) inTasin EC 6) ndpsganssail 7) dladi
Winiden 8) wiulnalad 10) in3eatiuuuuiiena

14 fivdayaduuamsenaasaatinenistudnnuadiedladiudaden (hemacytometer)
melindesqanssatmuismsiuvesquiitouasimunyszaseilsduny [8] mndnnuamine
paawsaandilaiifu 200 wad Wiusunuwadiieglutes A B C uaz D s uiueadianuadiiuld
URGEIBENEEER ﬂ"]ﬁhLa§aﬁiﬁu’;umaégm’h&Jﬁmmﬁﬂuﬁiaﬁiﬁﬁqﬁﬁmm‘ﬂgﬂL‘vhﬁu 10" ua.
ymsusIuau 6 9 [8] mnSuuameaseisaaifininntt 200 wad Wiugeadn 1, 2, 3, 4
uay 5 thinueadiameiiiuldmeiadesodes thanadeildaudeunsimesdesditudsd
Usanmsiuiniu ax10° agldmmmunuduresavssasaisaaudiuugadiedadans (cel/m)
udeyasumgiomamiududiivsgumnfivh pH uazer EC ynfuqas 1 afanan 12.00 u.

1.5 Ansrgivnanariinmsauduiusvesdoyauuuganandudssavdanduiudifie fdu
(Pearson correlation analysis) Safunisasnaduadsvesuwandiusangdnvas eltlunns
MuegvisemalszanunsINsasyiulnvewEvsenasisaal lnefiansananianinisnseany

ToyaveddanvzMENITaTANNITNARELTUAY (linear regression)

1.6 WisuifisuisadansnenasisaaiindeseniauuusiiuiuuuunaaisaatuIansaaee

iR Mann-Whitney U test fiszdiupnandesiufosay 95

2. DOALUUTFUUNSINAENA I BAABITAR MU UR ALY IT U sE s inedoinyns
wazalulafunsaissunuiioaiuariududoazuvasssuunmaneiissansnaisaaiuuy
fifial (Conclusion and verification)

3. Jinzidadeiifidninaresnsnisasydvlnresamsienasisaarainuanisnaaedh
fupoudl 1 WisufunamanenszuummziAsE e asaLTaa UL uTun e 2

4. agUnaminneitladeiiddvinadosnaninatyiulavesamieasoisaaiainduneu
i 3 ifletiausiunuuressTUUNMTINZABEmTIBARaLT AR A AU AT B esEU

asiuneunmsinunilafediidvinadesnmmanioiulnesmienaeisaad miumsiam
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Experimental cultivation of Chiorella to compare the difference in growth rate between Chlorella

from Traditional and pure Chlorella.

The rine controlled variables were: 1) lisht intensity,

Experiment 1. tradition culture, Experiment 2: pure 2) light exposure duration, 3) 1.5 liter clear plastic

culture, 4 replicates each. bottles, 4) bottled water, 5) 20-day cultivation

period, 6) KMITL3 liquid fertilizer, 7) initial EC of 0.7

m.S ¥/cm, 8] initial pH of 6, and ) initial chiorella
The equipment for data callection included: 1) relative
count. The six dependent variables were: 1) air
humidity meter, 2) air thermometer, 3] water

N B ) ternperature, 2) water temperature, 3) relative
thermometer, 4) pH meter, 5) EC meter, 6) microscope,

humidity, 4) pH, 5) EC, and &) chlorella count.

7) hemacoytometer slide, 8) coverslips, 10) hand-press

counter, A
Cata on the number of Chiorlla were collected by

counting the number of cells using a
The magnitude and direction of the relationship of hemacytometer slide under a microscope according
emacytometer slide under a microscope acoomding

pairwise data were analyzed using Pearson comelation to the counting method of the Chanthaburi Coastal
coefficient together with the construction of the average Fisheries Research and Development Center, Data on
of the comelation line from the trait pairs to use in air temperatire, relative humidity, water

predicting or estimating the growth rate of Chiorells by

considering the direction of the distribution of the trait This i Chlivellis clls s Carparcil besaee
pairs by constructing linear regression equations.

the orginal and pure samples using the Mann- Whitney

U test at the 95% confidence level.

Lesson learned the traditional Chlorella cultivation system of the Fisheries Department, Nakhon Si

Thammarat College of Agriculture and Technoloey.

¥

Analysis of factors influencing the growth rate of Chlorello compared to the results of the traditional

Chlorella cultivation system.

|

The results of the analysis of factors influencing the growth rate of Chlorella were summarized to

present a prototype of the Chlorella cultivation system by creating a systematic analysis diagram.

&

Factors Influencing the Growth Rate for Cultivation of Chlorella sp.: A Case Study of Nakhon 5i
Thammarat College of Agriculture and Technology

Figure 4 Study of factors influencing the growth rate for cultivation of Chlorella sp.: A case

study of Nakhon Si Thammarat college of agriculture and technology.
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1. NANSANHIAULANAT0I8RTINTS AUl TE NI A M e AARLSARNTINNAINATT
LWW%L%&QLLUUU%@W% (Pure Chlorella) LLaBLLUU(;?GLaiJ (Traditional) U MILAADITAASURY
3x10° cel/ml Wovhmsmzdsaduaa 20 Ju nuiamienasisaarfiunanmsmsdewuy
U3aws (Pure Chlorella) Fuauead 1.716x10" cel/ml rnnmaimgiassuudaiueged]
SodA i (p<0.05) Fafis1uan 6.915x10° cell/ml (Table 1 uae Figure 5) Snsnisia3ayile
YosanINeARDITaATTIN1aINARBITAAIUTAS (Pure Chlorella) Suaudsdulusnanfiiuty
Fausudl 2 auieTuil 18 vosmsides (Figure 6) AUAMINEARBLIAANTIININNTINEIABILUY
Sudu (Traditional) Wuinuil 1-13 veansidesaminsnasisaanisnnuiintuazanasaduiy
wazsuuAsuindluTLf 14-18 wazfistuludnsiinuluiud 19-20 (Fieure 7)

Table 1 Summary of results of analysis of factors influencing the growth rate of Chlorella.

Source of Chlorella

Days
Traditional Chlorella Pure Chlorella
1 1.92 4.68
2 3.51 6.88
3 10.57 13.71
4 18.02 35.46
5 37.22 108.51
6 15.91 183.71
7 18.90 323.54
8 63.79 637.71
9 55.84 749.79
10 18.16 779.38
11 47.30 1431.25
12 15.39 1650.21
13 32.33 1927.29
14 52.43 1993.02
15 49.32 2340.83
16 72.19 2924.38
17 36.96 3153.44
18 143.85 3495.31
19 368.25 3029.27
20 321.08 3545.63
Descriptive Statistics

Max. 368.25 3545.63

Min. 1.92 4.68
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Source of Chlorella

Days -
Traditional Chlorella Pure Chlorella
Average 69.15 1716.70
S.D. 99.74 1297.49
Median 37.09 1105.32
Mode - -

One-Sample test of the conditions that are associated with the parametric statistics

K-S Test

D, =0.34 D, =0.19
Dcri‘(.zo-29

Runs Test Reject Hy Accept Hy

The test for comparing differences between two independent groups.

Mann-Whitney

Sign.
U teSt, UCrit= 1 38

(A) (B)

Figure 5 Traditional Chlorella (A) and Pure Chlorella (B)
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Chiprella (x104cell fml)
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Figure 6 Growth rate from pure Chlorella culture
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Figure 7 Growth rate from traditional farming
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2. mamﬁLﬂi’]3ﬁﬁmﬂ533w§awﬁuﬁu§mu Spearman rank correlation coefficient analysis
iumwmmulfaaa Chlorella az:u'vmmm EC pH gaun)ione wAYAITUELIS NSz
LL‘U‘UGNLG]&J (Traditional) Tmamﬁam’amauam 20 Ju wmmmmwﬂaaﬁam 6.915x10° cell/ml
qmwgummaa 30.59+1.51 °C EC 1288 0.53+0.07 mS/cmn pH 1ady 6.86+0.56 gauUNNeINA
31.86+1.14°C ATWTUGUINE 55.65+3.88 % S1uauaad Chlorella Snanduiusiu pH Tusssu
qqﬁqm (r = 0.682) lufirmaieifuetsfitedfynadfiseduanudesiudesas 99 (P<0.01)
Imaqmuqﬁﬂg’] pH uazaamgiioneatianuduiusiuiiamafesiuiuinnuead Chlorella Tuvniil
M EC uazmmuudiivnsdamuduiuslufimmamssiudmsusouead Chiorella duandly Table 2

Table 2 Spearman's Rank correlation coefficient of the relationship between Chlorella and

environment factors from Traditional farming

Chlorella temp. EC pH temp. RH
water air

Spearman's rho Chlorella Corelation Coefficient 1.000 406 -347 .682%% .186 -167
Sig. (2-tailed) . 076 134 .001 431 482

N 20 20 20 20 20 20

temp. Corelation Coefficient .406 1.000 -.054 -.029 121%* -123
water Sig. (2-tailed) .076 . .820 902 .000 .606
N 20 20 20 20 20 20

EC Corelation Coefficient -.347 -.054 1.000 -557* -.207 .094
Sig. (2-tailed) 134 .820 . 011 .382 .694

N 20 20 20 20 20 20

pH Corelation Coefficient .682** -.029 -557* 1.000 -.104 -.083
Sig. (2-tailed) .001 .902 011 . .664 729

N 20 20 20 20 20 20

temp. Corelation Coefficient .186 1217 -.207 -.104 1.000 -.142
air Sig. (2-tailed) .431 .000 .382 664 . .550
N 20 20 20 20 20 20

RH Corelation Coefficient -167 -123 .094 -.083 -.142 1.000
Sig. (2-tailed) .482 .606 694 729 .550 .

N 20 20 20 20 20 20

3. NaN1T 1A REIUITAVSanduuS LU Spearman rank correlation coefficient analysis
JEWINN1Uaa Chlorella Qm‘mgﬁﬁw EC pH gauungilonna wavAUTUEIINS TnmszEes
LL‘U‘U‘U%@‘W% (Pure Chlorella) Tﬂamii’mmu';ﬁ'a;ﬂaﬂy’q 20 Ju wudisauavitaaeisaan 3.5x10°
celuml gamgiitiads 30.69:+0.80 °C EC 1ol 0.63+0.05 mS/cm pH 1038 7.400.97 gaungi
91116 31.78+1.05 °C AauTuuiing 70.70+5.00 % $1usuiad Chlorella Srnavduiugiiuen EC
uazAn pH luszdugeiigafe seninsdwaumad Chlorella fufn EC fieandusiusivindu 0.945
(r = 0.945) TuiANIRSIN UL MLALTENINEUIUEES Chlorella AUAT pH AATEdNRUSYINAU 0.995
(r = 0995) Tufimmaiienitu Snvisen EC franduiusiiuan pH lussdugeianuiaiu 0,949 ( = 0.949)
Tufimmensstudiu dugampitdaandiiusivgumgiionneluseiugs (r = 0.735) lufirmng

@

WeniuegilidudAyeadanszAuauieiuiosas 99 (P<0.01)

11
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wenINUanuina EC idnanduiiusivgnmgiituazanududuimsluszduliunais fie

a o

S¥1I19A1 EC Auaauunniun danandunusiyinnu 0.490 (r = 0.490) wagseninean EC AUAINNTY

9 Y

€

o

duins deranduiusingu 0.548 (r = 0.548) Tuiannakeniusg1sldedAgnsaianssfuaiu
Woslusewaz 95 (P<0.05) aAwuandlu Table 3

Table 3 Spearman'’s Rank correlation coefficient of the relationship between Chlorella and

environment factors from pure Chlorella culture

Chlorella  temp. EC pH temp. RH
water air

Spearman'’s rho Chlorella Corelation Coefficient 1.000 -573% -945% .995% -.061 -556*
Sig. (2-tailed) . .008 .000 .000 798 011

N 20 20 20 20 20 20

temp. Corelation Coefficient -573%* 1.000 .490* =577 135%* -.052
water Sig. (2-tailed) .008 . .028 .008 .000 .828
N 20 20 20 20 20 20

EC Corelation Coefficient -945%* .490% 1.000 -949%* .030 .548**
Sig. (2-tailed) .000 .028 . .000 .900 .007

N 20 20 20 20 20 20

pH Corelation Coefficient .995** - 57T** -949** 1.000 -.082 -.580%*
Sig. (2-tailed) .000 .008 .000 . 732 .007

N 20 20 20 20 20 20

temp. Corelation Coefficient -.061 135%* .030 -.082 1.000 -.401
air Sig. (2-tailed) 798 .000 .900 732 . .080
N 20 20 20 20 20 20

RH Corelation Coefficient -556* -.052 548 -.580** -.401 1.000
Sig. (2-tailed) 011 .828 .007 .007 .080 .

N 20 20 20 20 20 20

**Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).

4. wamﬁmiwﬁ@mmwﬁﬁmmwmwmémamiwmaaLiamLLUUégQLau (Traditional) thag
LL‘U‘U‘U%Ej‘V]é (Pure Chlorella) ‘Wm'ﬁ@mmwﬁwmmiLW']xL?ﬁymami'wmaaLiamﬁmmﬂﬂaamam
U3aws (Pure Chlorella) §i pH Lafe 7.00+0.97 EC 10y 0.63+0.05mS/cm gumgiiiade
30.69+0.80 °C E‘hﬂﬂﬁdﬂ’w\l‘f’]ﬁﬂﬂﬂﬁm’wLgﬁlﬁa']‘wi"]EJﬂaE]Liaa’]ﬁiﬂﬁ]’]ﬂﬂ’]iLW']%LgﬁJQLLUUG??GLaM
(Traditional) /i1 pH 1288 6.86+0.56 EC Lady 0.53+0.07 mS/cm gaumgiitiade 30.59:1.51 °C
Table 4 ag 5
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Table 4 Summary of results of analysis of factors influencing the growth rate of Chlorella.

Days Temp.W. o) E.C.(S/m) pH Temp.A. o) RH (%)
Trad. Pur. Trad. Pur. Trad. Pur. Trad. Pur. Trad. Pur.
1 26.4 31.8 0.56 0.69 6.5 6.1 27.4 34.0 a7 71
2 31.6 31.3 0.58 0.68 6.4 6.2 32.1 31.8 64 70
3 30.4 32.2 0.55 0.68 6.5 6.2 315 32.9 57 74
a 30.9 31.6 0.58 0.68 6.4 6.2 325 325 55 75
5 31.0 31.1 0.61 0.67 6.4 6.3 318 31.7 57 A
6 314 30.8 0.51 0.67 6.4 6.4 32.8 31.7 62 76
7 31.7 30.2 0.58 0.68 6.5 6.6 325 29.9 55 7
8 31.1 30.5 0.56 0.66 6.7 6.9 318 314 51 73
9 31.7 30.8 0.56 0.68 6.8 7.2 325 314 51 73
10 315 31.1 0.46 0.66 6.7 73 322 32.1 52 65
11 30.6 30.8 0.60 0.64 7.0 7.9 314 31.2 60 72
12 30.4 29.6 0.48 0.64 6.9 8.0 325 31.1 55 67
13 30.5 29.4 0.56 0.62 6.9 8.0 32.0 30.0 54 75
14 30.3 28.9 0.47 0.60 7.6 8.2 315 30.0 58 79
15 30.6 30.3 0.49 0.61 6.9 8.3 31.8 32.2 56 68
16 31.3 30.9 0.47 0.57 6.7 8.4 325 32.2 55 68
17 30.3 31.0 0.48 0.59 7.5 8.4 31.2 33.1 59 69
18 31.2 30.6 0.54 0.57 77 8.6 322 32.7 55 60
19 31.9 31.0 0.39 0.56 79 8.5 325 32.1 55 64
20 31.7 30.0 0.48 0.56 7.6 8.6 325 31.6 55 64
Descriptive Statistics
Max. 31.90 32.20 0.61 0.69 7.9 8.6 32.80 34.0 64 79
Min. 26.40 28.90 0.39 0.56 6.4 6.1 27.40 29.9 a7 60
Average 30.83 30.70 0.53 0.64 6.9 7.42 31.86 31.78 55.65 70.70
S.D. 1.17 0.80 0.06 0.05 0.49 0.96 1.14 1.05 3.88 5.00
Median 31.05 30.80 0.55 0.65 6.75 7.60 32.15 31.75 55.00 71.50
Mode 31.70 30.80 0.56 0.68 6.40 6.20 32.50 - 55.00
One-Sample test of the conditions that are associated with the parametric statistics
K-S Dea=0. Dy =0. Dey=0. Dy =0. Dy =0. Dy =0. Dea=0. Dy =0. Dea=0. Dy =0.
TestD,,; =0.2 28 15 17 20 20 19 24 11 18 13
9
Runs Test Reject Hy Reject Hy Reject Hy Accept Hy Reject H, Accept Hy Reject Hy Reject H, Accept Hy Reject Hy

The test for comparing differences between two independent groups.

Mann-Whitney

U test; Upy=138 Non.Sign. Sign. Non.Sign. Non.Sign. Sign.

Table 5 Water quality from traditional Chlorella culture and pure Chlorella culture

Pure Chlorella Traditional Chlorella
pH 7.40+0.97 6.86+0.56
EC 0.63£0.05m.5 /cm 0.53+0.07 m.S /cm
air temperature 31.78+1.04 degrees Celsius 31.86+1.14 degrees Celsius
water temperature 30.69+0.80 degrees Celsius 30.59+1.51degrees Celsius
Growth Day 20 1,716.70+1,297.49 (x10" cell) 69.15:99.73 (x10" cell)
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5. ﬁwLauaﬁmwmzwmsmwL?Tmams"mﬂaaﬁamLL‘U‘U‘U'%qwé

9INNN3ABATEUUNSINEIABNEMIIBAaBLAaLUUR LAY (Conclusion and verification)
YDIUNUNITIUSEUAIN G BN ERTLaLALUlaE UATAISITUITY Wﬁﬁmsazmai’a@mmiéﬁwizﬂau
Freteniinnngg $1912 o1nsuy mansysa wazyurmadluveuduiutnder @miaaoisaai)
Agannsdeddutessuudeaitineatull udselamsenasisaaniiusiuiuliuinwelasdaunn
Mndvesihedudifondy Jezthamieaasisaarluidedsuns (5] Fanuinananlsundilgly
athiaue Wethamserassaanannsidsuusaiuimaasadsduduneuit 1 Wisuifluiy
MsiaesaEmsenassaanfiiu pure culture fIE@1TAZAEEINOIMIHY LWuLIAT 20 Tu WU
2‘1’1‘1/13"1ElﬂaaLiaa’]ﬁiJ’lﬁ]’mﬂ’liLW’l%LgﬂdLLUUU%E‘jﬂé (Pure  Chlorella) f31u1ulwad 1.716x10"
cell/ml Zu’]ﬂﬂ’.i’lﬂ’]iL‘W’l%LgaﬁLL‘U‘U@?@Lﬁu@ﬂﬂﬁﬁﬁﬂﬁ’]ﬁm%’mﬁaa (p<0.05) Fafis1uan 6.915x10°
cell/ml (Table 1) aiﬂlﬁdﬂﬁaé’aﬁdqwasiaﬂ%mmami'wﬂaaLiamﬁwamlﬁﬁatmdqﬁmmmmm'w
AaeLsaasLL Suwer AR UL YEIT UUMSABEMIenaaisaar il Fieure 8

_L— day 1: hydroponic nutrient solution EC 0.7 mS/cm + pure
% L Chlorellz 3x10° cell/ml + pH 6 + light 2,000 lux

e =

= Ao 215 Wikt the Ghlbrellis fommiltply

m; Day 14: Use Chlorella to feed water flea.

Figure 8 Analysis diagram of Chlorella production system from pure and traditional cultivation.

aﬂﬂiwu,awasﬂwaﬂ'ﬁ'ma

ﬂz:umwmmﬂmimﬂuLasmmmwaﬂaaLiaammmﬂﬂaalﬁammam (Pur) UAZAINMSIEARES
WUURARY (Trad.) §f pH 108 7.40£0.97 wae 6.86:0.56 mudsy Fudusyiuiivnzausensiasey
dulmmuunfivesamievnadn [1] awsieaaeisaataninsansyiulaldlusedu pH fintauas
ﬁ]ulmawamjamaaqaﬁluamamLﬂumq [9] %2961 pH 17'iLumuauﬁamﬁm%’umitﬁﬂmm C. wulgaris
79 5-9 [10] azwﬂummﬂmimﬂawmu Pur. WaiUU Trad. fifnade 30.69:+0.80 uae 30.59+1.51 °C
AUAINU wqmmu 25-30 °C 2yl Chlorella vulgaris Lﬁ)ifgmuiqum [11] C. pyrenoidosa il
Snmnnatgiulasinafindueswatiaueidoguugiiiutulugig 22-30 °C wadiininaty
iiulnanasuazieadliannsaniaivlnldioumgiiganit 33 °C [12)

f1 EC 9INKAMINIEAaELsaTakUU Trad. wazwuy Pur. Wusveaviaan 20 Su wudnen EC
veuvapUUiAanas tewiner EC luveunawidos EC vsundaduriivavonteuSunaus
smilazaseglureanarimuafiazarsoglui fufuliinauiswitesarsegluthazgnainie
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irldllunsieSaydvlailian EC vewhdosuiidianas [13] dofinnsand EC wdsvosnns
WnsAesEmTIeraeLsa L usEevIan 20 Ju wudwuu Trad. Slidesnituuu Pur. usluwaizuuy
Trad. linandnditosnituuy Pur. Fafldn EC wnnndy Tasanuuanssdenanduuansiaiuann
weflzdoindaudfynadffiseiuanudesiuosay 95 (eaw1nnsEuIuNITLUY Trad. fins
Vuteurtsmnsduniduarsmownsfianzaufumaaindulmedddinduiivsdundunssuiuns
WUV Trad. 19y 9Aun3S daiutinuuismilazaisegluresvamuaiiazaiseglutiiundauds
gnidluivfanssuvesqdunsdig uaﬂL‘Mﬁaﬁ]Wﬂﬂ%wmuﬁﬁwﬁiazmaa&uisluﬁwzgﬂmm'wﬁﬂﬂ%
lunaigyivlalasianssuvesgdunidrilfAnnsyuiunisuinieiildosntiaunaslildoondiau
dwmarhliindude %qﬁﬂlﬂgjﬂixmumimﬁﬁw&JWﬁﬂisﬁumaaawﬁwadaﬁﬁﬂuﬂf’lL?m [14]
sermuduturenihdeiiatudmalfamieniydvlnldioras iewnamsennadnauns
waiulsludefienududusig Weissesnamiaissduquindy windwinduazansiuau
asfsmnnismeasemsisudurenissaiulauagliannsaasgidulaluindeiiany
uduann Saaduasderuuinn Wesnaglunsenuredsinisduasguaswesamseyild
nMaiuresnuadanas e mserlinsduassianiieviisadifiusuaunntu [15)
nMait e ERRRsARTININMSINEABLUL Trad. S8wnuifittusazanaseduiu
Tutuil 1-13 udasumeilutuil 14-18 uasiiudulutud 19-20 Mederadunsvamienasisaan
ﬁmwammimmﬁm Trad. LﬁuﬁaLsﬁaﬁlﬁmmmilﬁmiwmﬂm AUANANNKINGulAEIN FRAANIT
U‘uLUaum ‘wwaumﬁl I WWslodn waz mmw%umauﬂ Fanssadulnvesamsienasisaaiiitade
fiRedomateUsenns mumwuﬁmamLmamm’]maaLsamwmmmﬁvLaaqmsmumwawaah
sreediiduaSauiula (optimal log phase) wazlifideuudousnn ddsudounnasiildamse
raasaans iUl Anudouemenaialuug s ﬂy’qﬁami’mﬂaaﬁamLfluLLwaqﬁmauﬁQﬂUuLﬁau
Tade ﬁthﬁiaﬁlwmﬁﬁm‘i’]muqqmﬂiuLLudqﬁ’lﬁiiumaﬁ&uﬂaL?ﬁyaqé’m’ﬁ’] peslsAnmifiann
wofiausanasayivTmautuanld [16] amsredideazamsnedidomniniidu awnsanuldly
uwianuarAsaadouivainuans WA fiu fu neansie dmdou thia dmsa uasmzaay lu
Lméqﬁﬂﬁﬁmmammmmisuaqmimmimﬂ%wumwéw?{L?uml,t,ﬂmfwﬁuﬁaaﬁam [17] vinns@inw
‘UimmmmwmaqLLwaqﬂmauwma ﬂmmwmiuawmummauummamuﬁ’m Janiadesln
wuiunasineuivwiaiiviu 2 ¥in Wuamseddomnuibu (18] mswnedssamseruiadn
AMNATEOIUAN m/m‘waﬂaaiW‘UﬂQLﬁﬂﬂiwuwuaﬂ Chlorella sp., Monoraphidium sp., Pediastrum
sp., Nitzschia sp. uaz Scenedesmus  sp. \uanaisunasanisaasslagludUaniil 3 vesnis
wmaawuwwummwam f® Chlorella sp. 7998311A® Monoraphidium sp., Nitzschia sp,,
Pediastrum sp. wag Scenedesmus sp. AUAIHU m‘m"mﬁL?Jaal,mmf’]Lﬁuﬁﬂmm’faqﬂﬁﬂﬁuauqq
namsedides [19] fianudesnsnearesawazlulasiaunnududuas Fseraduanmeliien EC
romsnsaseTIdouuusuRslid eIt nmsisEmiersesaaniinaneaeLsaan
U3av’ Lﬁaﬁﬂﬁmf;@LLUU(??@Laumﬁ'lmwmaaﬂuﬁaqUﬁﬁamiﬁﬂﬁlﬁmvwﬁL’MLL‘UUTJG} (Closed
ecosystem) MAANNIZNTWUITUNTONITHATLE (Competition) \unsegsamiuidesutsty
NN ‘wﬂwaaqmamwiia‘uﬁlﬂmaﬂumﬂ puintuszinddPindeatunderiaiy
ofvoefluuvasiaiiy dosnsingiurinifediu Wunsuisduwesiviinialuuinaieiu Tag
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diosfinsueaileg 013 5N th WIS wavaine MsutstusErinadsdFingudazinluganm
aunavesUszansassuia vievhlissmnmesdadiFinelaviaovusdnsouasesiuiiunud
adiTiniiresnit hiflddiTislnaziiunumwiiddneivenegrafieatuld wdnnsiliSeni Gause’s
principle (Competitive exclusion principle) SseSunelédn unummsiininerunummisunumle
liisansounsedliedrsanysalraidostulasyssnnsfionsvesdaidinunnnimiain nsunsues
wdaduhlisunidiewinlaeianiuihiuiinseuasesunumsunidlile msudedussrineiiase
fvliifiosaniiatuiloan muindeusitavindy mimﬁﬁﬁmﬂéaaaaﬂmgjamwu,’mé'auﬁﬂu
fmsddyiilfAnmansznuiiiondn Allelopathy Ssmnefsufizemeduatilidiimauinuie
auﬁLﬁﬂ%uiwdwﬁmqﬂmﬁmmuﬁgﬁﬁﬂ%ﬂuﬁ;auw%‘éﬁw waviluvesnsudstu fie Tunsdfdu
msudetuneluvesdadidinfiaifientu (ntraspecific competition) Uszwnsaznszatgeenty
Tuvazfinsudstuszwinedsfi@insinsiin (nterspecific  competition) ¥inlsfUszvnsandunga
sufudanisadaniunseifvanzaumemstuiienisegsonsiudulinedululdivhiaesld

Nndgyrmananlaiag semhiulsues ununlnUsza endeinunsiazmalulad uasAIsTINTY
Liasaue Wunadudesnanlsunddsuewnsliaiase emnsiiddoyuedsundoamsnasisan
fnantulaglivdeamienaasaaniilianvessuudn Sainsuloudwaliamsonaoisaan
mnzdedisannnasyivisduesisunuiesnimsmeiiesheamseraosaaiiidmge
ARBLTAATUIAYE (Pure Chlorella) Tunniyiien ECa awndetiosndn aguldintladedifiaviwa (Factors
Influencing) APERIINIIAIEYLAULAVBIANTIBABDLTARN dmumsiannsTuuNSA s
ARoLsAEMHUN I UsrdinenduinuaskavnAlulad unsessssu TR eundsisnvestadeaming
AaeLsAANTeY
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