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Research Title: Cultivation of microalgae Botryococcus braunii KMITL and Scenedesmus
dimorphus KMITL as feedstock for biodiesel production by using NPK fertilizer and urea
Researcher: Assoc. Prof. Dr. Suneerat Ruangsomboon

Faculty: Faculty of Agricultural Technology Department: Department of Fisheries
Science

ABSTRACT

Cultivation of microalgae Botryococcus braunii KMITL and  Scenedesmus
dimorphus KMITL as feedstock for biodiesel production by using NPK fertilizer and urea
were studied. The result showed that B. braunii and S dimorphus cultivated in
commercial fertilizer (N:P:K) showed the high biomass 1.96+0.03 and 1.65 + 0.02 ¢/l and
lipid content 39.32+0.26 and 29.79+2.42 %, respectively.

Cultivation of B. braunii in 1-200% urea showed that this alga has the highest
biomass of 1.52 + 0.02 g/l when cultivated in 150% urea, and the highest lipid content
of 47.07+0.51% when cultivated in 200% urea. Whereas S. dimorphus showed the
highest biomass (1.08 = 0.03 ¢/l} and lipid content (40.80x0.97 %) when cultivated in
200% urea.

The cultivation of both algae in differences media (NPK+Fe, NPK+salinity,
urea+Fe, ureatsalinity and ureat+phosphorus), the highest biomass of B. braunii
(1.36+0.24 g/\) was shown when cultivated in NPK+Fe whereas the highest lipid content
(35.66+0.78%) was shown in urea+Fe. S. dimorphus showed the higest biomass of 1.59 *
0.03 ¢/l in urea+phosphorus medium, whereas the highest lipid content (35.73+0.72%)
was shown in NPK+salinity medium.

Biodiesel properties of this algal oil were studied. The cetane value, 50.80-69.20,
of biodiesel from both microalgae were higher than the standard criteria of ASTM D975.
Thus the results of this study indicated that both microalgae were suitable for use as the
promising feedstock for biodiesel production.

Key words: Urea, NPK fertilizer, Botryococcus braunii, Scenedesmus dimorphus,
biodiesel
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2.1 mawdnlulafiwauasquanifivedlulediea (Biodiesel) 9ndwing
. P . ¢ ) o
Biodiesel luussinnuiiavet biofuel Fsagluguvasvar lussiugmavnssuniingn
Y o o ¥ o oa oA v o e oo« = d = ‘
dfulvlafigalunisiniduiisvislefudnidfiasdusvnauniaaidiulnindivelsduas
- ] L b= d o -3 =1-1 - o
weanagadviiafieg Wy laniueanisumnuea luddnalivinuiiidewnil niudeamaii
Q'J N . =} ) a’ 1 o= ey & = LA
gy (Transesterification) Inaldnsauisaraiususalfiden elfianssuiussradlasndivelsd
d  w o a = o =
wazusanesged Wasuingiuasiuluiluiefiaeawes (FAEs) wiawiialeawmas (FAMEs) wasiindige
. v o cat wad @ o P owoa = T P ot
Tulluwawaesld Fueaeiliaamiinumioutuviuiufiwanniign foRfier3vmu (cetane Al
= 1 .:' o -3 L d ar =3 £ L 1 ar
m3gaRalv) geviniifufiea vialdRanTesd msduaidauysal iantsusunsuenledes lifinu
9 ar 2 ar d ) a 4
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amisitu dwmdes thdu wazailuat ssvinlnbinsenussuvdeemniuywd uasiluuwmamsism
ol Y = t v Py ' o e e ¥
wiiruasady Wulinsdedundey venantiamsiounsdadeivdualalasaiuou uasiniy
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figann wazannsaidamivaulasenlenfatiaudiiyminmeGaunszanld (Antoni et al, 2007;
Chisti, 2008; Huang et al., 2010)
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wisuamhelndfulsdiady wesnwuinsldbifuenamhediiluilefmsaasminrldldiuse
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Iaan15uan biodiesel 3 namssuImAnRindfinsAIuANNNsgIuvaniaiuAla LA
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Wulumunasiiuandrsiultusnasniv wusinsgrutuandsening Aa ASTM Biodiesel
o e vo w v
Standard D6751 dmiuluglsdkenuinsgruilddmdveruninuy (Standard EN 14214) wasld
o w Y 3w 1 : v w Y ora W =
dmiuneiy (Standard 14213) thifunnamsteruadnaoudrdinsnluiulidudawsng 71 4
Wus¥gu3Iau1Nnd1 #710619 N5A eicosapentaenoic (EPA C20: 5n-3; 5 W52 4) waz nsa
docosahexaenoic (DHA C22: 6n-3; 6 Wusee) Fanulalasvialuludrduginainde nealedy
d L3 1 o . . »
methyl esters (FAME) #iiiWuse 4 wiaunnndy (Chisti, 2007)
wa 5w ey ] a = '
waznmIfnwnuantivaniniululativadidanamieeziisudinwd Aedinu
E- N | w oo« ] - wra - u 5w
Cetane number (CN) #autudiddgfigalasuwaninuand@nisyafin nsunlvdisanity s
- i« o o ala [ [ | 4=l F-3 o & ! A
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thifululefiwaiimunliausnasguiteuialan 2 snnsgry faesdian oN lishnds 47 wde 51
(ASTM D6751, 2012 and Fuel Standard (Biodiesel} Determination, 2012) Trel@iisru41u
n13AnY1IAT CN B, braunii ﬁﬂ"}é}gf’ﬁ[ 55.4 Ashokkumar et al. (2014) Uaz 52.67 Nascimento at
al. {2013}

A1 LiBuda Degree of unsaturation (DU) §eavuanarunsiy wiassasiiand
annsaudduiuly dildunmnntes adls Tasda DU Addslulefiwatuiiiauasian i
$nwildurunitda DU figa Taget DU vesiiululafisadlfanarvireifinenulide
Scenedesmus obliquus uay Chloretla pyrenoidosa il DU agluti 76.53-132.08 % (Wu and
Miao, 2014)

Argmintugaduldnsesiiguuniisn Cold fitter plugging point (CFPP) ifluAniluen

bY)

muannsalunsivaseniiiululefisaiigamii i Crpp Segeemnefediamautinisiva
flitlaaumgiidh (Wu et al, 2005) iesmnuanvininiuiuuliuilazanasneusavandildnsadtd
418 (Mittelbach and Remschmidt, 2004)

Aaveiifiadu Saponification value (5V) 9stavenfuimiinTutanavianimeives
angnsnluiuidlululefiwadiudilelofiu lodine value (V) Aor1ilrasiuresnsalufibidush
vinualuluTodigadeduiudiusn oxidative stability wanf1 v geRoazdirn oxidative ntda
unAdA IV A (Knothe, 2009) TneA maximum IV value A131319557u European standard
Amualifie 120 g1, 100 g™

nensmsAngnislssunaantideilulefiwasnawineunsein wudidien o
'v‘?aﬁqqn':"\mmiﬁmuaw?ﬁndﬂmmg’m (m131971 2.1) winanTEmadiuegfunnslumsmizdes
iy (Tatebi et al,, 2013)

< wa b w '
A1 2.1 Msusrnaunuautibiululefigavinamiie

Strain Biodiesel properties

SV v CN DU CFPP
Ankistrodesmuis sp. 170.60 114,88 52.45 97.59 -0.08
Chlarmydomonas reinhardtii 170.56 102.35 55.27 | 87.02 -2.09
Dunaliella sp. (Persian Gulf) 174.25 15044 | 4377 | 121.04 | -6.88
Dunaliella sp. (Shariati) 175.00 141.47 45.66 114.8 -8.71
D. salina (UTEX) 162.77 108.58 5540 | 91.83 -1.24
Scenedesmus sp. 152.99 99.57 59.57 86.86 -6.91
Chlorella emersonii 162.28 114.18 54.24 93.75 3.55
Chlorella protothecoides 163.37 111,75 54.57 91.60 -0.99
Chlorella salina 180.97 117.92 49,93 99.78 2.58
Chlorella vulgaris 194.00 135.26 4400 | 116.59 4.60
Amphora sp. (Persian Gulf) 188.30 57.56 62.33 55.00 12.41

1 : Talebi et al. (2013)




2.2 aumnyauvs s visadnlun i usdaituiendnluTefies

msnzdsEmsrumdnansaviildse WRuideanifiaily Taedewieude
Fudt 1 wAued amsheunadnasalsisiulduinge 58,700-136,900 Ans Funnainiulady
Fiiild 5,950 Bns (Chisti, 2007) amelinandainsfumnnirfisuarssie (ms1eft 2.2) Tag
wuiwnnamsnadniivinuiuiulueedivenas 30 dhuinustt awnselshisiuléds 58,700
Anssorarunineniied Tneausandalulafiealfgede 51,927 Alanfudelaauassiel Feganinfiedy
wadalwe Urdy avdes wa

msldamheruadnfuvdemosingiviumandndamdanm biodiesel 1¥3umn
aulafiuadannn Tnelamevuadnunuiisfiduundiamsu davdes vrda wazaluad
wrlinsenudaundsamisuyed uasfuuvdmiiiinuaendy Wulinsreduwandon
omnundmssemilusiindsundmdsnuanduiu duiullnsden Wuuvdmdemiivium
ffte Slenwdunlsrassiangs uasmsuninsiuvdmdenumari Siinadenisiianiizdeunszan
(green house gases) ilasaniin1sudes €O, SO, war NO, Fedwmaliiintiguinielanfou
(global warming) ilqmnziaﬁdeiaaﬂﬁuau‘lmaan‘l-ﬁﬁmﬂﬁqﬂmmnn’rstmiwﬁ‘umL%'amﬁwmﬁﬂﬁ'}
usH (fossil fuel) iaifuuvamdsu Jaduddomassian dufiu (Coal wRasssueid
(Gases) 1iuTladoy (Natural O At duwaswsiet iy (Oil Shale and Tar Sand) (Kadam,
2002)

A = - lo’ at 1 1 ol - GI -
19199 2.2 WlsuisuuSunamandniussuinaviisuadn fufivuresinilduda lule

Awa

AN Vinanhfy | #udtiideansluns | msudalulediaa

(L oiha year) | Ugn (M® year/kg | (kg biodiesel/ha
biodiesel) year)

417lna 172 66 152

favides 636 18 562

A1lual (Canola) 974 12 862

Ay 701 15 656

AL ; 1307 9 1156

R IU 1070 11 946

Unduniiu 5,366 2 4,747

alau (Camelina sativa) 915 12 809

awdwtnadn Wiy 30%) 58,700 0.2 51,927

dwserunaEn (i 50%) 97,800 0.1 86,515

amsraunEn Gty 709%) 136,900 0.1 121,104

fu1: Mata et al. (2010)



domgnsamnsAsannsaiuaisuaulasanlaald Tadiaustguinnsdeunszanls
(Antoni et al., 2007, Chisti, 2007, 2008; Huang et al., 2010; Demirbas, 2011} TatavseauInLan
annsonsemiveulaanladiduinnitfivun 10 w1 waziinisiadagdulndandafivun 10-50 i
(Chen et al, 2011) #adun1sinasidvsaniroiiteuundndnluledivaigaodrdn
a1fusulasenledainduindanldde fsrvauitnismizdeeainiag Scenedesmus
obtusiusculus WerBainutiy awnseldawiertiaiduudaiuinariusulasonledldaddl
Us¢AnEn1n (Toledo-Cervantes, 2013) waza1sld B. brauni IHuwvdwmdndsiu Sadastestu
HYayminnzlandoulsine (Sawayama et al., 1995)

2.3 vnuwvaslulasiaudenisasaulviuluavwine

TaelusEmamizideedig q Anereu@nwidaduimadsiu wudnsvslulnsey
duiailanalunsfmisulifuamsevaissiia Uniuda lulaswuiimihivandalunisdwased
uae afesadng Mglufsnssumsineureeulel Yiinalulnsousriinadenandadnaues
amiy deduegfuriinvetamine luanneifinemalulasauniedinstausinailulasiou a2
denarianisduasizina wariinusiaingueusad tudiuvesewmisazanaiinansasanyed
ansUseneumvanluvBnaniindu sdradu wanluiu wie Indugamlsd [HunaldAamsazan
Tudumeluadiiiuiu

melfaanznealulaniey avhsnadnraesinsndisunalnnsazauloiy Tages
arvadluiuilifunas (neutral Upids) Insawiglnsnfelse (riacylalycerides, TAGS) Baifluuvas
vandnuazaveyluldlnnar@uvssamsravuindn (Hu et al, 2008) Iwuneldaniizein
Tulnsiau @wmse Chlorella pyrenoidosa ansaasaulviiulduinds 85.6 Wesidus (Spoehr and
Milner, 1949) udluanneiillulnsiausgranaifios awmdazanloiulfifios 4.5 Wesidud us
adslsAmu msdrinuSuralulasauluswnswhhliiuSunaleiuaray (ipid content) Tuwwad
awdadfunndu uafiliuSnarendaduiaveeviteanas fadusailinandalufuiovms
(lipid productivity) 1asa witenietfangiiflulasiudifaivinatesniiasiilulasnoy
watdea (Ruangsomboon, 2012; Ruangsomboon et al,, 2013; Wijffels and Barbosa, 2010;
Widjaja et al., 2009)

nnnsfnedetladeidmanensaigiulauasainsae Chlorococcum infusionum
Tns Karemore et al. (2013) Tagldiinissiansuuudinssiniain nud 5 dadeiidwmadants
wiaAulngasamsieAn NaNOs, KsHPO,, FeS0,.7 HaO tay KOH Iﬂﬂﬂ%uﬂmﬂaauéﬁquwénﬁéaua
Wiudndnlnnssenmaadayivinvesamsns Turaisiiviunames MesO, dwalunnsedwAums
wigdiulnvasauie Inglutademdrdtulasaudutafefidwansenudanisaiydvines
ameunilae 45.77 Weddud uazuvaslulasiauilafumnudeusnilaniie KNO; Sunusald
uwnuléia NaNOs uag KOH arsugnsasfivnsasannsodinyfinainnaldunndsaei
nsazanlatuvasamioiidedunsunfaseazauldifies 12-15 Wefdusd uindldnmsue
Tulasouazasay 30-35 Woddus wiaghalsimuneldnrsnelulasiuiesundsauisadiiy
Ussinalluazaulate 40 Wedldud



asfnwsavaslulasiaudaysunaluiuluaming Scenedesmus sp. Tagiiszduadiu

Wutuvaslulnsiau (NOs-N) 2.5, 5.0, 10.0, 15.0 wag 25.0 fadniudsdns luamsgns BG-11
zugLIan 14 Tu floamgl 25 °C Wuasadadeludas 14:10 $2lue arnuduuas 55-60 pmol

photons m2s* wudriianududululasiay 2.5 fadadudeding WiuSualuiugegeds 30
wasidud (Xin et al,, 2010b)

Tunsides Chlorella vulgaris Tu NaNOs; 1 1.500, 0.750 uae 0.375 n3udadng wawuda
58RU NaNO, # 0.375 nFusiadns finaviali € vulgaris fuFualadiugeiigafs 15.31 £ 0.51
wWeddud wmdle NaNO, amas viliamsefarmeionaeiilifiviinalluiugs Sufiadeuiy
nsvaaasannidudy NaNo, lun1aides Navicula oculata Tugnnaz NaNOs 7l 0.300, 0.150
Waz 0.075 niuredng wudnsedu NaNOs 71 0.075 ndusiedns Swavillil M. oculata SSinadlulfuge
fiqafte 15.86  0.59 Wasidust (Converti et al, 2009)

madesamine ¢ vulgaris sswinagasawsuniuasgaseismalulasiay wuin
Uhinadlesuiiniuluanviilulnsiauasaunsivluannsilulnsiauanas vial¥ ¢ vulearis \in
mmedsaildAansdudinisudagad  SwdmaviliiRanisazauluiudfiniuy Widiaja et al,
2009) M3dssamienindy Chlorella sp. luan1izanlulasian (@3e) 7 0.025, 0.050, 0.100,
0.150 Wag 0.200 nfurafns nanuitgdensesy 0.025 n3usedns dnaviil Chiorella sp. i
luugegniie 66.1 wesidust (Hsieh and Wu, 2009)

mnaassdsslaluiuafiily Spiuling platensis anewug LEB-52 Tagld NaNO, 1
undlulasiau Assduaranduduiisnedu 4 sedu 71 0625, 1.250, 1.875 uay 2.500 nfusedns
Tneld Zarrouk’s medium iuensinasg Tnatwizidodtu photo-bloreactors agludaunsyan
aelfuas 12 lue fia 12 42T 40W fluorescent Wiuasil 31.35 pmolphotons/m?¥/s gaumgdiil
30 °C uas 35 °C waflldmudriinnudiudures NaNO; 2,500 niusedns wutTinalluiugsgade
8.16:0.23 wasidud uazfinnuiduduras NaNo, 1,250 nfudedns Wusualudiusifignde
6.69+0.27 Wafidud Aarwiduduves NaNO; 1.875 niusieding wuuTuulelugegaie
10.37+0.63 Waedidusd uavitaamuidutuves NaNOs 0.625 nfusiedns Wiudualufuilanie
7.09+1.10 Wodidud Feitmauiduduvas NaNo; 1.875 nfusedns Tiusunallutugedian (Colla
et al., 2007)

2.4 ynumvasaaradadentsasaulusivludnse

waaﬂa%'ah’fjumv‘lmmiﬁﬁmméwﬁ’mﬁamm%mtﬁuiﬂ HUNUMABATEUIUNITAILY
meluwed Tngamenszuumsaiamndenu wagnssuaunaiiensailaadan sateimimdy
Wiaidrelirnsa-ua Aoudrenedl drawmiroravsareiazinadoniaeiyiivin A Tusiu
seninguiinaaslsiad-to RNA way DNA szanas windwdemilulewnsanduiiiuiu deiinavinly
sUsasaduAsuutaduandy wadtnfstulumsneuausiennuaisnainasewnivenvad
awiefe Wisuulasasdusznauvassiuanalug (macromolecule) vTauead Lileaanaiad
Sustaesiiliinsanaweiinaivsiu waersudrafunisazauveduiuuazarfluleinen
(Bertilsson et al,, 2003) dmfurearedaiiidrirannsoilifinswdsuniasmesdndiu Wk,
Triusazailulawsnls



Fanuhamhennadnuanseiadoogluansilivmaudenisissaivia awmse
st moanadaihlugeadinnniGinaifesnmsiilanaaiquivln Tnedweawsaudn
wadlugUuas Indweamin (polyphosphate) (Harold, 1966) Tnsiidaduvansdadentu ua Anseiu
svaludin Ui s Adudwmadentsasauwaaraddluadamsng 1y amiediduinne
1fin Chlorella fusca axauTndvioamaiaduunsmdenuasani3uwadiiuiinamniiuna
Fasmsluanmemadesiualulnsiou (Kuesel et al, 1989)

nmsAnwumumvessearsSason sazanlvtuluamdredidisrnuindn Scenedesmus
sp. LX1, Chlorella ellipsoidea YJ1, Chlorella vulgaris, Chloretla sorokiniana, Chlorella
pyrenoidosa, Dunaliella primolecta was Haematococcus pluvialis Wuinawig Scenedesmus
sp. LX1 avauﬂaaﬂaiﬁluwaauaawamm'twﬂsmm%qmaaqaﬂ fla 6100 Alanuaninasailaniy
Woaweda Tnvawsewiindavanluiuld 30 Wedidud T,manﬂimm triacylglycerol Tulusiuangs
58.5 Wasidud TnefluSunalluiuuazuiunm tiacylglycerol Aevisaviedawindy 1800 Alanuves
Iyfiusailaniueanesa uaz 680 Alan¥y triacylglycerol daflanfureanada (Wu et al, 2013)

Tunsdnwinavesreareda (PO.-P) semaiudyiiulauasySinalety Inodswvie
Scenedesmus sp. 'luﬂaﬁwa'sam 0.1, 0.2, 0.5, 1.0 kaw 2.0 Hadnusiedas 'lummsmuﬂaaqm BG-
11 sgesiian 14 Ty ﬂam‘nqn 25 °C_ Whuasainedlaludng 14:10 $2lae amudainaa 55-60 pmol
photons/m?s wudiirrduduveanata 2.0 fiadniusfadng IWulinadunavesamiegegaia
0.98 + 0.12 x10% \wadrefiaddnssioTu Amnunduduneanesa 1.0 fiadntudedng IiSunaluiy
gugaiieieras 53 detmilnudisauiie wildUSinaimavesamieeutrsindudsfuiy
tulnsioudl 2.5 fadinfusodas Aa 0.26 + 0.01 x10° Wwaddediadans (Xin et al., 2010b)

2.5 g3y

finmmilulasauninmansgiuuuielflunsinsdaemhesuadn wWilulaseu
gﬂu,uu ammonia, nitrate, nitrite Wa urea (Becker, 1994) IﬂU‘WU'i'Ia\‘.]"Iu’JW‘LulﬂIMiLﬂuiUtLUUWN
q i wm’mtsuummﬁ']ﬂzumn'lumﬂmvt.ammws'muuuuwma wseddunusiigailadivuiu
Tulnsiau iﬂu.uuau 9 (Danesi et al, 2002; Matsudo et al,, 2009) Ingfls1g9iudgidodl

ivﬁwﬁmwaﬂumnmuLamﬂwswwmmaﬂ Chlorella (Hsieh and Wu, 2009), Nannochloropsis
salina (Campos et al., 2014), Scenedesmus rubescens (Lin and Lin, 2011) Wa% Scenedesmus
bijugatus (Arumugam et al., 2013) ;

Araduturemssineineg lues dwadeuinaluiuwazarilulawmsniuamsty Tng
dalugiudn winusaming 4 fanudiduanasayiliiudinselavaduesamseviiliamse
wwadniinseiyivinanas nledwalduSuiunaslsiladanas Wuluamdrsrundnaiia
Parachlorella kessleriand wazwurmilidinamilulamsvanaslszana 10% druudinaluiu
wuiniduusrna 29% (Femandes et al., 2013)

2.6 unumsaawmandantsazaulusiulugmsne
al 1 - ] = o )
mﬁnuuv&u'm'znﬂ'l.uﬂ'lsqﬂw‘lu‘[mmu'uaqmwm Lﬁuaqﬁﬂssnauwﬁmcg‘uaﬁqmmq
[ v o« . = r  ow 1 a )
fhuasnaolsfad-a phycocyanin iadasiunisuuddidnasaulunssuiunsduasieiuasuas
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aranala amsessgadilugy Fet? uia Fet? dmnunezdanadenisinigiuln uarguiasad
Taewdnfusisermsidaetuntsgadilulngiay Liu et al. (2008) Wnaasadfinmdnlunisidss ¢
vulgaris T FeCls 71 0, 1.2x10%, 1.2x107,1.2x10°% Wag 1.2x10° molL wudramsreidsdlu Fe
i 1.2x10% molAL fdinadluiiugeaniia 56.6 wWedidud msns FeCl, Taslunisgedilulnsiau le
winanasnsgadululnsiauanawili ¢ vulearis WiasnnuineedaildiAnavanlatudiuiy

awigusazsiafianudesmaniniiuandreiu luavsenagaeiugnuinesdumin
Amnzausnssfuliamienigiulmteasadlatilsing anmsdnmteyaladlidlinansada
Tuawmdry Chiorella vulgaris wudnminiuludmadenaduessinaslsiiad nagadululasay
fasuSrssmaadquiula uasmyasanluiuluamsie (Concas et al,, 2014)

msAnwRavatnannensgivinwasnisazanloduluaite Scenedesmus
dimorphus KMITL firamudiudu 9, 18, 27, 36, 45 fadniusoans wuirUSuawmdniiiutu vily
e leduaray uaskananlufuresaminetiuiu Tnefwdn 45 fadnudedns amseiifua
naudnludy lufuavean wasnandaludy geanwindu 1.75:0.01 niunadnas, 0.43+0.00 nfuraans,
24.7+0.5 Wasidud, 27.21+0.34 fadnfurednsdeiu auddu (Ruangsomboon et al., 2013)

nMIAnwImavaunanieniswiyiulauasnisazauluduluamse Botryococcus
braunil KMITL2 fimnadiud 9, 18, 27, 36, 45 fiadniudedns wuawsiseilaifilluivavauaean
34.93 Wosidud nandelaiy 0.08 nfuredng Wownudsduninfarududu 27 Tadnsudadas
Tagnananinnaveamssiimzdsdundnygnasiuanududuliiprmunnisiunsada
(Ruangsomboon, 2012)

2.7 unumrasnuiudensasaylusiuludwmie

Rao et al. (2007) 1Evi1n15AnwInavesp AN ASEaU 0, 30 waz 85 mM Aa
asnlsznavvaslviuluainsiy Botryococcus braunii Tntludufiwuluansig B. brouni fia
Palmitic acid (16:0), Palmitoleic acid (C16:1), Stearic acid (C18:0), Oleic acid (C18:1), Linoleic
acid (C18:2), Behenic acid (C22:0), Erucic acid (C22:1) wa¢ Lignoceric acid (C24:0) wui1 Tungu
AuANIUTHI Stearic acid (C18:0) wa Linoleic acid (C18:2) mﬂﬁqmﬁa 28.19% way 22.12%
audy drufiszuanuds 0, 39 uaz 85 mM fiu3uins Palmitic acid (C16:0) uar Oleic acid
(C18:1) unfiam

Hu (2004) nd1231 armdaiifinfudwalfusunaletuluamirofivdudndes
Yinaluiugegnfie 9.95% Feldanitszauamnidy 10 ppt dufisziuamuduiiunnndt 10 ppt
TidsanszmudenisavadlatululvaTunuaiis ewnesldwdimilunistu Nat sananuwad
Wesnyoedludnliiinnuauga dwalinisarauiiunallviuanas

madnaudnluemisidsamsieain 0 du 20 me/lL vildduiavesdivsie
Hapalosiphon ity 1.6 Wi wasBunavesd vy Hapalosiohon Mdsafisyduamidu 15 ppt
(0.76 g/L) geninfiszdusmnada 0-10 ppt Tovarunduagiunsedunsaiyduinvesamiied uas
luamsne Chiorella iaaunsasgiulnudmsalddniomisgasund dasmimsiady
und e mssTsHATT WeRLasysal Failasgemandnuazsmenitesiigauronis
wigAuinvesamee
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2.8 unumiiuvassgemsAentsasalvivluawing

AMSzIABeEIRI Y Chlorella vulgaris Tuanmswalulnsiau widiweanefaunne
wuiiinandatamalidingaiidedneilulasncuuaswoana¥aund Tnaldnandnlushugean
wiriu 58.39 fiadnireinssiotu Tasveawesanawsidluluadamssasiinsazaneglu
5Uv@3 polyphosphate Tnsdnsuslunnihmeadedadngadamirefidsdunmenelulasiau as
Sannndimawndsduansundis 3.8 vh fuaailunnzarseelulasiauiy veanesad
unumsnntumsainluivazanuesaming (Chu et al, 2013)

PInATIANERaTeERTduTaMudiiuredlulassuuasieana SanameigLAuin
manadusmensuazntsazayluuluamene Scenedesmus sp. LX1 wuinilaidssamdreviing
Tuawnsiiflulasuuasaaasaedianalitssaviedadiinmeigdulngaad 2.21x10° wad
dofladdnsiaiu Inudnsdiuvedlulnsiaudevearadad 5:1-12:1 awirwezgadululnsululy
83-99 Wosidud wazqaduiearieda 59 Woesidur wasmadudunnsiflulasioutasveavieda
ffia Qulnsiou 2.5 JadnSunedns, Heavia’d 0.1 Sadnfundedng) ﬂ1ﬁ§ﬂﬂ‘ﬂﬁﬂ5ﬁﬁﬂu1ﬂﬁulﬁq&
30 uat 53 Wefdud Amgiu winnensdssiilaunsenssfulifumannlefuld (Xin et al,
2010b)

msfnvmasuiuvedlulnsiauiaeanesa dentsudmisiuvasamsy Scenedesmus
obliquus Tnawnzdsamhgluawnsiifiulpnaunsuazeislilaseu sauduemisitiveanada
e S uastaneaneda wuintlunmsitviauazanizifiulnnawismesnio
nszdusardnbuiuld Ssndfugmuiwsinahiuiifenduiy defuusinareanedaliun
walfius Tnusanan fatty acid methyl ester 18 24.2 fadnfudednsroty Fulldgegmitamzidos
amsgluanzvalulasiausauduiveanodaninne deildagendanismisifedduaiasiiiis
Tulnsiaunavwaanasauinwe fedavia (Chu et al,, 2014)

msfnwinassiuradulnsiauserisaneda dontsnaniiiurssaiuing Chiorella
zofingiensis Tnamsiwsdssamineluamasiiil NaNO; 1 nfudedns uag KHPOs 0.01 niuredns
amdevinifadammasiyduindumsgedan 2.15 dotu Vnaluiuluamieinsdody
omsiualulnsiauil 65.1 wWedud viaeanaaii 44.7 Wedidud degandimamsdestu
ownsiishilulasinulasaanedanouiios deiflahudes 335 Wofldud uazdmud wandnluiy
yaawseiinigeiign 87.1 fadniudadnsiety Wemzdamhluemsivialulasiou uas
ethamseeiiniuinsifswenienififing woildsasnaeiaduladumegeds 0.362 de
Tu finandaluiugs 26.6 fadniudednssiedu Tnensmsidssamsreriiaduuy outdoor anunsa
sanlaiuldinads 31.1 Alanfudalaruainedy (Feng et al,, 2012)

msAnwunumIIniuveslulnsiau (0, 0.22, 0.44 mmol/l) wdn (1.2x1072, 1.2x10™
, 1.2 mmol/L) wazqaigdl (10, 20, 30 ssrvaidua) deaming Nannochloropsis oculata (e
Anvuummadumsinfuuvdwanlulofiga TnsfAnwiuun orthogonal test wudtawmseailaiiy
thifugean 60.44 Weidud Sdndaulauibunats (heutral lipid) gagn 90.74 Wasidud wawdn
lusfugean 152.70 fiadnudedng uwaslimBmuniniian 64.34 (CN) SmnaAudnasldnnenssea

gintiafunadositunndriu Tnewudniilulasou wén wazgungl fiewduiusiutust
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wutn Tnganadiiurediulpsiauiinrwdduunniian ssaandermuduiureundn wavgaiie
foguvail Tnvaguudamsldlulaseud 0.44 mmol/L $aufu wln 1.2x10" mmol/L flgamgdl 20
avreaiiea \Juthdeiiaalumansiamiseiadidenanlulofioa (Wei et al, 2013)

msiwnsdtsa e Neochloris oleoabundans HK-129 Wiunaassiu Tuemnsilvin
Tulnsiau aalduas 200 pmol/m?/s uasilndn 0.0037 mM amineamnsnade tiacylglycerol
uazarslulawsvligeian 51.58 uas 90.70 fadnfudednsdaiu muddy Tnewuinslulasiay
was wazwinduhfonufuiidmatamaaiyiuls msadwrflulanm wasnisadalatuly
amangld (Sun et al,, 2014)

nsfnwmanszvuraauin (ferrous sulfate 100, 500 fiadnfudeailaniy) waznzia
(lead nitrate 0, 100, 500, 1000 fadn3usenlansu) donisimeanaialuliluiy wuindedvldiy
windensifisnsndiu 11 Filifsansaihweanasaluldldaeiian (Shunging et al, 2009)

mawAsunasmaduiureismernsangnsund ingusmamsudniduman
ulpsiau Weavlesa uasngusmamisTentu ndn 1am Wunaliamdeldumsemnsafiunum
wiffinsinulusadineiu luusinuuandiety fadwadentigaduuisinomistudiinud
uAnAnafy wavdswasentsidyiiuTnuaznisazanluiuilumadiutusazanny Snsidiunass
gwsTimnzanaslfametuasnisiemd sl unseigdvin iansazauemisun
Tudwaliusinaluiugstu

Farnnismunuenansianslitiuet ndnauismemasi q favinadutusons
wydulnuasuSnalutiluawine Semsfnwdmaresssfusinamisivmgan Weduuums
Favvinliamsiuaunsoliuanda telasariuau warlufugean ttafunmduluidlunsmisdes
awdeiondntihiululofiwaely
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o
unil 3
AU

3.1 nadsuiadeswing
winismsdsaideainiag Botryococcus braunii KMITL Wag Scenedesmus
dimorphus KMITL Tuawnsgas Chlorella medium tunusifiiussqemnsfiiunissdasie
wifoilesinde figamg 121 °C armiu 15 Uauddemanih lufsamzdesamheivaonde &
MImUAMATsEiUaamMaR 25 swrigaldua ialdamseduhidelumsinududely

viison e mE

ol ] = aad a a = 1 P =l
%A 3.1 @mae B. braunii KMITL2 alafifiasaiulmfunasivdesiviveanuanialail




L
AWK 3.4 anwais

Wwadavsewianauaininiu

14
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3.2 mafnwravesioiail NPK demsiadqgiavTauasdBuaiiyvesdmsne
wnzidssavseiiansiln luswsiiaududuvesijoiail NPK Auulitamunduduud
spheanurialivirfuaududuresemisgas Chlorella medium Lsasnifugasemsiivial
amieiaowdaiivuandslaugsian Tnsnedsduluaudaauin 10 das uenfoajiians
Tl (wsrauasUszanal 50 %) wasgamgiinugssuend SipeiUSnanwinusts, easlsad
18, walsiuand, Wedy, mslulawms va 2 Ju (iadlusiuuazaslulamamiauduiudfuusnu
lostu) Sinsrzilelasaiueu lufunazuiansaladunn & Su vmsmisideaudngasss late
exponential phase
3.3 Anvnavaserududugtsianasiydviauasuinanhiuvesams
wsdssamieiasseiia luptnsitimududuresegGeiviulianududues
ulmstauminduysinailulasiauresemisgas Chlorella medium Tngldanudiduiidurinany
nntuUurTudntudy 0.1, 0.5, 1.5 uaz 2 wih sesraduduil Trownzidsdulauimg 10
n wenviseUfjuinig Tagliuas (wsrauadssuna 50 %) warguuginussmne i Jnsevtium
dwiinuts, paelsiad 1o, ualsfivass, Tsdy, mslulewnsv vn 2 fu Sinsesilalnsansueu tasiu
wazriinnialuiuvn 4 Tu ﬁ']ﬂ']it,wwt%ﬂwutﬁ’sqiwas late exponential phase
3.4 n1sAnwinavesdoall NPK $2ufiun2nuAy was Juiadl NPK Saufiumdn danis
wiygdvTanasBnaniuiuasawie
s ssamieiasitiln luemsidarududuresdoni NPK Saufuaaudui
wzay (magautuduiasidonaaivivilamseilnandaluiiugean) was dowdl NPK Saufy
wménftrrduduiivungan @nmsmaseutuduiasidenaududumdnivildamsoinanse
lasfugegn) Tnamisideslulvaudmue 10 Ans uemieefilints Tnaliuas (wsnanssana 50
%) WoraungRnTNsTINYIR InTsiuTumtiudnuks, naslaflad 1o, unlsituaed, Tusiy,
arsTuleinsn v 2 3u Snsisilelasasuay latuasedansalutunn 4 Su yhnsiwsdeeaudn
Eji:: ¢ late exponential phase
3.5 AnwmavasgBuitufuanuia gluiauiumin wasgiSeduiudeanada dants
wimdulauasUBnaniuiuvasaving
wsdssameiaasi luemsiiiauduiuredoydofmnzay (Iddud
ameiinandnluiugsiian) Sufuauduiiomisay (naaaudusunasidonarmidudvili
amheiardnluiugega), Jogdeiomnsahuiuminiiaududuiivnnzay wasioydoi
mazasaufuseanefaiamduduivasan Tnamasidsdulvausaouia 10 das uan
Paaufuins Tneliuas (wanauaeUssaas 50 %) wasamngiinwsssund Sasediuanimin
wifs, naalsitaa (e, ualsfiused, Wsfiy, arslulawav vn 2 Ju Aereilalasaiiveu lufuvas
wiinnsaluduvn 4 Tu v‘l"ln’mwmgwaut‘il"nq:ssﬂs late exponential phase
3.6. Anranisuialulofieaitldan 8. braunii KMITL
inhfufiataldanamiefmsdedunnyamavanes G 22 Yanavaaes) twudsy
sulululediwauazAnuiquantd Taednssidawainsgudwmunde Cetane number (CN),
Degree of unsaturation (DU), Cold filter plugging point (CFPP), Saponification value (SV) Lag
iodine value (IV)
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3.7. nmsianzidaya
VNYARITNARIMINNTNAABY 3 &1 Sinmgianuuanimwadadelusuasudiiagy
dwiunaufinme$ 14 analysis of variance (ANOVA) uaz Tukey-Kramer HSD test fiszfuainu
et 95%
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o
uni 4
nauazivrsaluaniside

4.1 nawasijendl NPK siansisdyiulauasuSunanitiuvesame

weidssamsifasiiin luawnsitiimududurasiond NeK Ausuiamdudu
wismteausialivhiursiduturaseimsgas Chiorella medium tssanidugasamsivia
Wiawhensaswlaiinandnlwiugeiian Taownzdodulnandvutn 10 das ueniewfiinng
Tnglvuas (WsauasUssaa 50 %) wavoumainusTane @ InTsivinaniminu, aaelsiiad
0, unlsfiuasst, Wiy, ArsTulewsn wn 2 Su (HedusiumasarsTulemaviiamdiniudfusiinu
ety Siaselalnsariveu luluuaseiansalodunn 4 u vmsmisdessudigsses late
exponential phase

4.1.1 nrsAnsmavestegasnitd (NPK) deniseiydvlanasuTunalviuves
81318 botryococcus braunii

maaiadvin Adhatetaming 8. brauni Mdedlunrududuvesiogasaisin

(NP wuinbwiinuisasa et linfundudananamsdoniniy faildgean
whitu 1.96 + 0.03 nfuriodng s il 16 vesmsveaedineiinnuuanansathaiifoddynadnau
vgnﬁ'uﬂmmsmaaq (mwﬁ 4.1, A5 4,1)

28
24
E-) 20 b &
E 1.6 ] e 6
‘g 12 % °
0.8 j N 4 @ o
04 F o ©
0.0 Ll—l—l—-l—.l-—l—l—l—l—i

0 2 4 6 B8 10 12 14 16 18 20
81 (Tu)

awil 4.1 Fna (/) veamsny B. brauni Tusmnsgms N:P:K

a a a ¢ . a4 v
53R YTunanaslsiad 1o vadming 8. braunii Masslupuindureogns
Py VA o ¢ | o & 4 £ a X o o
A17A1 (N:P:K) wudhildiraslsdiag (o avseivnlienanniuisiainianisiigaiutiy il
U r at = = s 1 = ot d ] 1 as ar
ATeERVIAY 1.1020.01 fadnusading Tuiun 18 vamnivnass Tasliauunniedaidodigy
MEBRNUNNIUIaMIMAARY (MWA 4.2 uavnswh 4.1)
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1.2 ¢
1.0
0.8 &
0.6

0.4

0.2 &

D.O » 3 n n 3 - k'l - »

AnalsHa® (mgl)

0 2 4 6 8 10 12 14 16 18 20
VIR (U}

awil 4.2 anelsitad-e (mg/l) vesamdne B. braunii Tuswnsgns N:PK

= I'd 1 o v o E)
UTnnualsiiuesd wesamsng B braunii MAssluanmdnduvesdognsnism (NPK)
D & | v s 1w

fwwalduinuntuluiun 6 1eamivnaes waziiuuilivanas fruTauualsiuesd gegawiiu

a e et I a L2 A ol 1 ] = al LY o
0.45:0.00 fiadninsedns v 6 uay 20 vesnsvinaes lnedArwwandwegwiliod gy neia
=2/ o ] 1 Qo A A J A
fuyniuvesmsnaasudbiupndiaeaififuiun 18 vesnsvinasd (i 4.3, mIn 4.1)

0.6
%; & &
v 04 4 @
s $
& <
‘:t P o ©
é 0.2
S <

0.0 dw " emlionls a7 T

0 2 4 6 8 1012 14 16 18 20
L@ ()

nwil 4.3 ualsfiuasd (me/) wesamsny 8. braunii Tuemages N:PK

USinalusfiutesamsesuindn 8. brouni Mdssluaanudutusasiagasnisé
(NP Swualtfudausnndy Susialusfunnilgavindy 192.67:025 fadnsusedns lutudl 14
YRINITNAERY PANULANANAUNNADATUMNTUYEININAABY Uae 388.71+4.76 Hadniuseniu u
Fuit 0 veanINAABY HAuLARANITUNEARRAUTUTBRNTIARDY (WA 4.4, NN 4.5, 15T
4.1)
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250

200 &
= o ©
) ©
E 15 k ° ® o 4
-
T 100 § ©
= © \

50 T @

0 ) ” - n » » Fl - » -

0 2 4 6 8 10 12 14 16 18 20

1981 (7U)

At 4.4 Tsiu (mg/) vesamsne B, braunii Tuawnsgns NiPK

400 g
350 k
300 b
2 250
E 20 b ¢ o
= 150 k © ¢ 5 ©
v 'e ,9
= 100 k 4
80 B
0 _ a n =2 m - 1 h -
0 2 4 6 8 10 12 14 16 18 20
s (3u)

At 4.5 TUsBiu (mo/e) v8saus18 B, braunii Tuemsgns N:PK

& | e g 2 + v
Vmnamsiulawmsagesaiving B. brauni Midssturuidudusalagninisd (PR
3 =\' =.!’ 4 ﬂlll =: - ﬂ. 1 | o o| o 1
awiheiunliudsunfuiliaiainsmizissiuiy Jadifmgaanwiriu 63.52£0.09 fadniuda
= ar 4 ! 1 v . - L
ans Tulu? 16 vaanismaass Tnedianuuandregwitfedidgnnadfduyniuvasmavnaes uas
L) at 1 at ar A 4 1] oo ar
114.43:0.25 fadnfusaniy luiudl 0 veamvaaes Falarnwanauvaifduyniyeeans
=l =
nRaas (NWA 4.6-4.7, 115199 4.1)
60

50 o ee
40 kb Q &

30 ¥
20 i

&
1o‘r
L, S

0 2 4 6 an]e,?uit!- 16 18 20

n it 4.6 ardlulainin (me/) vesamsr B, brauni luawnagns N:PK

aslulaman (mgn)




mFlulamen (ma/g)

120;

100

80

60 p <

40'9 9999966.99
20 B

0 . 2 .

0 2 4 6 8 10“1214161820
IR (AU)

20

Al 4.7 aslulawase (me/) wavamsng B. braunii Tuamnsgas N:PK

Uinadlasty nsazauledures 8. brauni fidedummidudusesognsnsin (N:PK)
wu Vinanhiudiweluawhediangagaminty 39.32:0.26 Wafidud Tuiuil 20 vaamsuaans
Tauansnagefitddynisaddtuyniuweinismaaes. nandntniurigegaminfy 0.74:0.03
n¥usiedns Tufuil 16 vesnvmansdaunndsadreiiiodfgwiadftuyniutasnimaass fids
manBmiwiugeaninity 84.68+12.71 fiadnfusednsoiotu Tutuil 4 vasnsmassdaswuiiuandg
VRaAAUTY 0 TannTvnaae (A197 4.2)

Uhinanalaiu ainmanacedesandg 8. brauni tumnadudureslugninisdn
NP TasFouideudesdussnevlafufmundinmid 8 Smudnsaletudndudesifud Tag
Amesnsatuifufiwusnniiarlusasannduduiu wuirdinsaladudud undlifin C16:0) unitgn
Tunniuvesnrvaasaiaiy 23.90 - 42.13 % uazefifudsaufmuayasnialuly C 16-18

WindU 51.70 - 73.03 % way C 10 i1 C 18 : 2 fiaumidu 73.44 — 92.37 % aansaiviiuvanunlu
LAREIUYBINSNAABY

ol 1 w ] ..
AN919% 4.1 Qmﬂ’m’NT.ﬂ'timmiuaziaﬂ'mqwqa%ﬁ'lﬂ B. brauni 11«!9']“1‘513315 N:P:K

Funa
(g

AaolsHaa
1a (mgAl)

wAls#
usEd
{mg/)

Tusfu (me/0

Tsfiulme/a)

PRHIET
T (meg/V)

milulaimsm
{me/g)

0.15+0.03°

0.33+0.01°

0.23+0.01°

46.64:0.57"

388.71+4.76

13.73+0.03"

114.43£0.25'

0.35+0.02°

0.19£0.00°

0.16+0.00°

63.2520.53°

210.85+1.76'

15.3210,10°

51.07+0.34°

0.33£0.01°

0.360.03°

85.04+0.57°

202.47+1.36"

26.350.14°

62.7520.33"

0.74+0.02°

0.47+0.00°

0.45:0.00"

116.32+0.39°

188.1710.56°

35.92+0.06°

51.3120.08¢

0
2
4 | 0.42+0.01°
6
8

0.89+0.02°

0.70£0.01°

0.370.00°

141.66+0.21°

168.66£0.25%

37.92+0.15'

45.14£0.23°

1.08+0.02°

0.51+0.01°

0.29+0.01°

170.03+0.12"

157.43£0.12¢

43.24:0.08"

40.04:0.08"

1.4510,01%

0.7+0.01¢

0.28+0.00°

187.39+0.21'

130.1320.14°

47.66+0.03

33.10+0.02°

1.63+0.02"

0.77+0.01°

0.30£0.00°

192.67+0.25

117.48+0.15°

49.87:0.13'

30.41+0.08°

1.96£0.03

0.91+0.01

0.33+0.00°

154.93+2.51°

81.54+1,32°

63.52:£0.09"

33.43:0.05°

0.88+0.02°

1.10£0.01°

0.42£0.01°

155.25+0.37°

172.50+0.41°

42,04+0.06°

46.71£0.06'

20 | 0.78+0.02°

0.87+0.05"

0.45+0.00'

151.15+0.44"

179.94+0.53°

34.2120.14°

40.7320.17°

[N = ad oo wow ) ] boomat Y -
manuswuman'luuu'rmmmmmu.nnmmuﬁanm'mumnmqammumhn:umaanm P<0.05
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] = - = Y e 3 .
w1590 4.2 ﬂ’l'iL"UifQLﬂUimLﬂ%ﬂ‘iﬁl']i\iu']llu‘fjﬂﬂﬁ’lﬂi'!ﬂ B. braunii .LU’Q'M'TS?“WIS N:P:K

Fnmaaiandiula Fua Ginanhadfy | nasdmbuy | srdmBmiuiy

U Inuws (1/day) (/1) (%) (g/0) (mg/\/day)

0.00+0.00° 0.150.03 27.72+0.94° | 0.04+0.013 0.00+0.00°

0.28+0.04¢ 0.4210.01° 30.41+0.67° | 0.13+£0.00° | 84.68+12.71°

8 0.23+0.02% 0.89+0,02¢ 33.25+0.49° | 0.30£0.01° | 77.38%7.12°

12 0.20+0.01¢ 1.45+0.01¢ 36.34+0.77¢ | 0.53£0.01° | 70.9624.99°

16 0.17+0.01° 1.96+0.03° | 37.89x0.88% | 0.74£0.03° | 62.73+4.66°

20 0.17+0.01° 0.78+0.02¢ 39.32+0.26° | 031+0.01° | 65.03x4.10°

FidneTRAR LSRRI UTARA AU RRiPauAnA e S wiTTd W ealiR P<0.05
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0% ;

0 4 8 12 16 20
nL5:0 mCe0 ®Ca0 | Estae) EC11:0 L okt ] WC13:0 BC14:0 [ 2. U5 WC15:0
WC1s:l |QC16:0 #C16:1 BC17:0 WCiTi |80 B Inst ECisindc B3 3n6t B
= (1§:2n6c WC18:3nG =Ci8:3n3 =200 w2t =202 =621 =080 0200303 = (aend
=022:0 =022dAne - C20:5n3 Q230 =C2xn2 G240 WS £22:643

Al 4.8 Uhinmunsaluli (%) vesamse S, dimorphus Tuasgns N:PK

4.1.2 nsRnvnavesugasniiAn (N:PK) danmseigiduiauasuiualeiuves
#98 Scenedesmus dimorphus
maasdul Arianatesamiie S, dimorphus Adeslumnnduduresgasnisin
(NPK) wudndmitukseasamieivalinimnnfudsnainsmsdsaiviu duddrgege
Wiy 1.65 £ 0.02 nSudeng au Juil 16 veimsunasslagiinuuandwediiteddyneadAsu
wniunesn1vnaes (1wl 4.9, mn31eil 4.3)



22

1.8

1.6 [ ©
1.4
g 12 f ® A4
= 10 F o o
5 0.8 b & P
wm 06 }
04 k ©
02 ko
0.0 mialoelinnimiomii

02 4 6 8 1012141618 20
L73a1 ()
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sn¥on Uhnanaslsiad 18 veswmines. dimorphus Masdusududuvesiygns
n1sd1 (N:PK) Suuatfudisnnduilonanismizdsaiuiy Sdldigagamindu gegauinfu
1.22+0.02 fiadndusiodns Tuiuil 16 vasnveans Ingdmuuandrsegrsibuddymadaduyn
Furaansnaass (Mwl 4.10, M37ait 4.3)
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Y
.G 06 B
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17281 (TU)

il 4.10 paelsiad-le (me/) vasamsae S. dimorphus Tuomsgas N:P:K

U3uaiualsfiuassd wesausne S. dimorphus deslumuididuveaisgnanisd
(N:PK) Tuualtndiuantu fdwSinauelaiuess gaavity 0.69:0.00 fadniudadng Tuiudl
20 yesn1snaand laedawunndedieditediAyniadidunnTuseanisnnass (nwdl 4.11,
mswdt 4.3)
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a1 (M)

AT 4.11 welsiiused (me/) vasamsae S. dimorphus Tusmsgas N:P:K

. . , 4 &
VSualusfivvesamsienunadn S, dimorphus mdsdlumnuinduvaslagninisdi

r ﬂl é’ = . A 1 a s D= L7 1 - ot A
(N:P:K) fuunlfufivanngu fuiinalusfumaiigaviniu 193.86+0.37 fiafinfudefing luiun 14
P2INIVAADY TANUUANANAUNNEDATUYNTULEIMSNAADY kag 400,79+48.85 ladnTunaniy

o A 1] -l . d J
Tuiun 0 9sanivaees dauuandsiunadftuiutesveass (awmd 4.12-4.13, 915199 4.3)
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Usuamilulensmuasaming S. dimorphus Mdsdduanndufuvessgasnisfi
(NPK) dmsreftuldndunnfudananismisifaainiy deidgeagaviiiy 20.79:2.42
fadnfuredng luiuil 16 vasmsvaass nefarwuandeddifoddynadftumniugenis
VNABY WaY 88.66+9.34 Nafniurenty Tuiuit 0 vesan1meses ddlmuuansmsaddtunniu
Y9NIINAEDI (AT 4.14-8.15, e 4.3)
70
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50 o © e
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10  ©

0 » - m » e 3 - 1 a

adlulmmsa (mgh)
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o

0 2 4 6 8 10 12 14 16 18 20
181 (W)

Al 4.14 aslulawnsn (me/l) vesawsan S. dimorphus luamnsgas N:PK
150
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® @9 & 4
'@e%e@

avdlulmeasn (mog)

25

0 B 1 3 = 1 5 ) » -

0 2 4 6 6 10 12 14 16 18 20

181 ()

At 4.15 asTuleiasn (me/e) vasaming S. dimorphus Tuevinsgas N:PK

n1savayluiuyes S. dimorphus MAssturInnduduvasognsnisin (NP nuda
Uwnanhifuiiwdluamsesiangegaindu 29.79:2.42 wWefidud Tuiudl 20 vasnsvnaas Tagli
uANFNIERARUTUT 12 war 16 T8sMsHARRY waAminTurgianvify 0314001 nfuredns
Tuiuil 16 vesmsmmassdunndnetreditudigeadafunniuresmanaase fdnmaudadii
guauiniy 64.03+3.32 fadnusiadnsdotu luiuil 8 veamsveasddaswuitliunnsnemeatifty
Fuit 4 uay 12 YoM IMARE (131971 4.9)

Uansaludy nnsvaaeassdvine 5. dimorphus Tunrududuresogns
Mt (NPK) TnewFeudisudrasiussnavlutufomn (vmdl 4.16) Fawudinsalediufiody
Wasidud TnsAasnsalutuiinunniianluusiasanndududy wuidinsalufudui Uidlidn
(C16:0) nfigalunnIureansnnasaviniy 24.8 - 4035 % uazlaidudsmimuaveansa
Twdiu € 16-18 Wirfiu 50.79 - 68.20 % Wax C 10 fia C 18': 2 didwviu 74.06 — 93.36 % aansA
lasfufavualuusasfurasmemaaes
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P t (Y] ] .
MINA 4.3 purmnlasumsuarsiadnguasamsie S. dimorphus luawnsgns NiPK

u

Funa
{e/D

maalsfad
ta (me/t)

ualsh
uped
(mg/D)

s (mg/)

TUshiulme/e)

aslulen
w {me/t)

Arslulawasy
{mg/o)

0.11+0.01°

0.1920.00°

0.27+0.00°

42.2210.21°

400.79£48.85°

9.41+0.34°

88.66+9.34°

0.22+£0.01°

0.27+0.02°

0.10£0.00°

45.46+0.32°

207.63+9.11°

12.85+0.15°

58.66+2.38"

0.28+0.01°

0.34:0.01°

0.29+0.00°

92,70+0.48°

332.05+11.3¢9

17.23£0.05°

61.70£1.74°

0.66£0.02°

0.75+0.01¢

0.36+0.00°

132.28+0.53°

292.38+13.36°

25.91+0.03°

57.28£2.59"

@ ld N O

0.79£0.02°

0.8+0.01°

0.21+0.00°

143,60+0.32

183.3315.07™

35.77+0.14°

45.67+3.33°

10

0.91x0.01"

0.81+0,0°

0.31+0.00°

152,77+0,12°

168.82+0.85%

37.68+0.03

41.64+0.22™°

12

1.10+0.02°

0.87+0.01'

0.30+0.00

174.55+0.18'

159.56+2.88"

48.92+0.09"

44.72+0.77°°

14

1,26+0.01"

0.99+0,00°

0.32+0.00°

193,86+0.37¢

154.50+1.38°

50.810.09'

40.49+0.37"

16

1.65+0.02

1,22+0,02'

0.30+0.00°

161.29+1.09

97.79+1.40°

58.68+0.06

35.51+0.40°

18

0.90+0.02° -

1.11+0.01"

0.62:0.02"

157.84+0.27"

175764 47°

50.6020.22'

56.12+1.59°

20

0.82+0.01°

0.89+0.04

0.69+0.01"

136.70+0.32°

167.75£1.25>

46.69£0.10°

57.29+0.41°

r— T g Y = =
#dnusimbdnlunniafuiunuwnisuiolanuuaniod itud Ao @ P<0.05

o b= - = HY) ] "
A1l 4.4 nmadaiulalasdimaniifiuesawiie S. dimorphus luawsgns N:PK

80575

Wigivlndumng #a Wanhify | wendmbdy | fdwdmi

u (1/day) (g1} (%) (g/) (mg/l/day)

0 0.00+0.00° 0.11+0.01° 2237+0.26° | 0.02:0.00° | 0.00+0.00°
0.24+0.02 0.28+0.01° 22.61£1.01* | 0.06+000° | 53.4624.03*
0.25+0.01¢ 0.79+0.02° 2580+0.51% | 0.20£0.01° | 64.03£3.32°

12 0.21x0.00° 1.10+0.02° 26.60£0.75% | 0.29+0.01° | 56.06x1.55
16 0.17+0.01° 1.65+0.02° 28.46+1.18> | 0.31+0.01° | 48.72:3.86°
20 0.17+0.01° 0.82+0.01° 29.79+2.42° | 0240029 | 51.32+6.34°

- 15 ) - -
fdinsfadiinhanndudniuiuaniaiufalanunemiivadwidud Aymeaiia P<0.05
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AR 4.16 Usnaingelusii (%) 9ssamsne s, dimorphus luemnsgns N:PK

4.2 AowaavasaranduduyisdanisaydulawasdBinaniniuresmeng
a4 ' td o = + o e 8w [
wnzBesamswyasariin TuemsiliamududuraslegGenuiulvilanududures
[ = s ] P-4 ]
Tlasauiriuiinalulasisusesemisgas Chlorella medium ngldrainududuiibudnans
5 L 3 1 v 4‘ A’I’ }
yintuiuanudatudu 0.1, 0.5, 1.5 uas 2 wh vasrududuil Tngwwnededlulnauivun 10
Any uaneslfinms Teelduas (wsrsuaelszana 50 %) wasgamaiinuessund Inngiuiunm
‘D‘ ar e < ) L = aJ a 3 a
dwiinuits, raalsilad 1o, ualsivesd, Tsiu, anlulawm vn 2 Ju Awseilelasasueu lufu
£y a 9 o 5 EY I} o

LLﬁ::‘liumniﬂ‘l‘uuuvm 4 7y ynnaweagdauingsees late exponential phase

4.2.1 msfnwnavelegainisn (urea 46-0-0) Aemsiaiulauasuiuadlvii
Y995 i botryococcus braunii

nsasyduln Adanavesamdie B braunii Mdssturududuvasiognsnisi
(urea 46-0-0) wansinaiu 5 ey wudrhmdnuksasamseiivuliudunaduidenaints
wsiAsaiuty feildigeaniisedununduduugainiadi (urea 46-0-0) 150 % winfu 1.52 +
0.02 n¥usedns o Tuil 16 vesmavnaeslnsiinmuuandegdhioddyiaiifuganmnaes
(it 4.17)
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Cureal%
%; . #urea 50 %
@ 08
[ Aurea 100 %
-
=
A urea 150 %
Durea 200%
¢ 2 4 6 8 10 12 14 16 18 20

a1 (W)

= ' " v E
AW 4.17 Funa (/) vasaming B. braunii TuawnsgnInisdn (46-0-0) AssAumanduty 5
IBAIY

59a7ng Ulmueaslsilad Lo vesawsne B. braunii Tunngantmasasdiuualiuiiy
wnduearaduduvasiegasnisi (urea 46-0-0) Winsnniu Tnsemmsitiliognaniadn (urea
46-0-0) 200 % TiAnaaelsfad La geaawiiy 2.31:0.03 findnTudadns Tuludl 16 vesmmanas
Tneftruunnsnethailledidqmeadatugnyannaas (Al 4.18)

24 g
— 20 Sureal %
)
(=]
E 18 eureas0%
h
B 12 =
> = Aurea 100 %
i3]
OE 0.8 3 5 2
@& o4 Aurea 150 %
<\ ﬁ ]
0.0 = Ourea 200%

0 2 4 6 8 10 12 14 16 18 20
1981 ()
il 4.18 AaslsTiad-1o (me/) vasamss 8. brauni Tuewnsgmsntsfn (46-0-0) szdumm
(W 5 5

Ussnaualsitusea a8samsng B. braunii ’Lu".qn'qmmwmaaaﬁumiﬁmﬁumn‘ﬁu oy
amsAiiagasnsf (urea 46-0-0) 200 % dASurualsfiusen gegavindy 0.56+0.00
fladnfurodns Wiud 20 vasnimaaes Tnefinuuandneduiifeddynradiduynyants
vaaed (i 4.19)
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0.6
—_ B Cureal%
=
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..§,04 . ¢ % § ®urea 50 %
\.g & i é
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g ¢ Aurea 100 %
¥ 4 2
=02 ¥ *
O-(__l:-: ﬁ 2 Aurea 150 %
0.0 a a a _ _ _ Ourea 200%
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LR (AU)
P o ¢ | . v o
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Wity 5 sy
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toood < o a
amieiiidssieaindanududurenegainisdi (urea 46-0-0) 200 % fiuSunalusiuain
d L. = oy L I = h2d 4 =l 1 al = e
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= oA ot ] ar a A 3l 1= 1 L
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e ¥ 4 v o
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of - 1 " v - W ¥ v
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At 4.23 anslulawnse (me/e) wesamang B. braunii Tua msgsmsAn (46-0-0) NiseAuaI
i 5 6y

nsazaulasiuves 8. brauni melfrmudiudullugasniaf (urea 46-0-0) Mumnshafiy
wuiniledusamsaefisyduilagninisfa (urea 46-0-0) 200 % USiashifuiwuluamiied
Angegawitiu 47.07:0.51 wWafidud Tﬂa‘Luummu.smmamaanmnwnﬁﬂmimamivmuﬂaqm
A3A1 (urea 46-0-0) 150 % uawamuquuumammuamaaa'mm;'lummwuﬂaamimsm (urea
46-0-0) 150 % AU 0.63+001 nfuseAng Fuendrsedrsdifddgmeaiddunnyanisnaass
maammaﬂu1uuaqaﬂ1u'uﬂmswmaaqwuﬂaam'smim (urea 46-0-0) 150 % \Winfiu 104.28+16.15
fadniudednnaiu Iﬂuwm1‘luum'1uumnmqmaammnuwn-ﬂﬂmswmam (1397 6.5)

UBnainsnludiu mnnsvaaendtsamine 8. brouni lunnududuvesiugnsnisdn
(Urea 46-0-0) YT 5 e 1-200 % TneiBauilausasdussnaulufusiomn (1wl 4.20) o
wurtnsaluiuAnduasidud Tnedmesnselafuiivuanniigeluudasaamidnduiy wuirdings
lusfuduia Undiidn (C16:0) innilgalunnganisnaasaindy 34.92 - 37.33 % uaziadiussan
navuavaansalusiu C 16-18 ity 70.52 - 75.96 % uag C 10 fia C 18 : 2 fauriiu 95.66 -
96.31 % vesnsniviufomluusoryamsnaans
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a1t 4.5 nsissiivinuastSinadatuvesamse B, brounii Tuewasgrsdunsén (JogiSy gws 46-0-0)
i raHEMIT (e VSunanhui (9)
T8AU
A
wadie 1% 50% 100% 150% 200% 1% 50% 100% 150% 200%
Y 0.0420.04™ 0.04=0.01" 0.04£0.01* 0.04+0.01* 0.0420.01* 27.72:0.94°* 27.72:0.94* 27.7260.94% 27.7220.94* 27.7280.94%
4 0.10£0.00% 0.1120.01" 0.1020.00° 0.16:0.01% 0.1120.01" 29.08:0.82" 31.18:0.76™° 32.53:1.11™ 33.870.69° 36.040.43°
8 0.20+0.00° 0.2120.00% 0.24+0.01% 0.3:0.00% 0.20+0.00™ 36.5740.56 26.8320.68° 37.1040.69™ 37.23£0.45% 37.50£0.51%
19 0.27:0.00™ 0.30£0.00% 0.29£0.01%° 043001 0.3340.00% 37.90£1.02% 38.1620.26 38.95:0.86%° 20.21+0.90"° 29.58+0.00™
16 0.34£0.01% 0.47£0.00% 0.510.01% 0.63£0.01% 0.51£0.01% 38.83+0.69° 40.7920.26™" 40.89:£0.50°° 41.810.66™ 41 672095
20 0,240.04°° 0.290.02 0.24+0.01 0.42:0,02" 0.41x0.01" 41.2220.80° 43.09+0.92" 44,81£0,51™* 45.74:0.75 47.07:0.51%
ﬁmé’nﬂrﬁmmﬁ'qnqufalvﬂﬂtu'uﬂmﬁ'nmmnn"nmnun:umnzq P<0.05 FydnealnensingufinfnusmerruuanannwuILeu P<0.05
@159 4.5 (fa) nsisaiulauasyuinallefuresa e B braunii luewmnsgasilenism (egide gns 46-0-0)
Hu fdanskanteiu (me//d) Sasnsiasafivin (1/day)
JERU
AN
W 1% 50% 100% 150% 200% 1% 50% 100% 150% 200%
] 0.00£0.00* 0.00+£0.00%* 0.00£0.00° 0.000.00% 0.00+0.00° 0.00+0.00° 0.00+0.00™ 0.000.00° 0.00:0.00" 0.00£0.00*
4 6810412287 | 91.07:2336" 6659+1266° | 1002851615 | 730761595 | 024=004 | 0.30:008" 0.210.05" 0.3120.04° 0.2120.05
8 62285830 |  7L10£1267" 72.18:8.71° BL.76:8.52% ga55emar® | 047x002% | 019:004% | 019:002% 0.22£0.02” 017002
12 58.70+9.06° 57.86£7.65" 57.27+6.91°° 68.07:6.16" 58.82+5.76™ 0.15:0,02° 0.15+0.02"* 0.15£0.02" 0.17+0.01°° 0.15:0.01°%
16 44.564.15 54.044.31° 56,17:+:4,02°% 61.75:4.00" 56.61x4.49°° 0.11£0.01% 0,130.01°° 0.1420.01% 0.15:0.01° 0.1420.07°
20 47.1423.92° 57.0724.72°%° 61.18:5.08"° 68.4845.50" 64.06+5.45% 0.11£0.01% 0.13+0.01" 0.1420.01%° 0.15£0.01°° 0.1420.01%°

FAmuninndsnguiaiingiana et vinuangy £<0.05 fydneninnsndinguiaidnuansmiuuandeenunuey P<0.05




32

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

100%

90%

80% -Sodo

70%
60%

50%
40%
30%
20%

10%

o TS . :
0 4 8 12 16 20
o v oo 1 - v ow
21 4.24 Woddusnsaluduiwuluawiedides 8 braunii Wadssnmeldssiuainy
2 < | ar w
windudegnaniam (urea 46-0-0) WUANARAY 5 58RU (1 % = a, 50 % = b, 100
%=c,150%=d, 200% =¢e)



33

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

A 4.24 (sie) Wosdudnsalusuiiwdluavsedide B brauni dleissneldseiummududy
{agnsn1sin (urea 46-0-0) uansi1efy 5 5efU (1 % = a, 50 % = b, 100 % = ¢, 150
% = d, 200 % = e)



34

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

¢] 4 8 i2 16 20

|Ccag W50 BCs:0 BRCIM0 | ImbHH ®HC12:0 HC13:0 WCIL0 B M50
|CI5:1 HE16:0 [ WS BCiT0 BCiZ1 B 130 B C18:1ngt 2181105 ELI82n0t 519
wC18:2n6¢ sC18:3n6 wCiBd3nd =L20:0 =203 = (2012 =210 020300 - £233n3 =C20:4n6
~ 220 =(C2x1n9 - 20503 w0230 g2 L C24:0 - C24:1 © L2603
o ' ’ o o ' . ood g ) 'y
M 4.24 (o) Wadbudnsaluuiwdluanwinedden B, braunii ledesneldssiuanudud
) - 1 ar Y
Jugninisan (urea 46-0-0) Auaneneiu 5 58iU (1% =a, 50 % = b, 100 % = ¢, 150
% = d, 200 % = €)

4.2.2 asAnvnausjugasnisdn (urea 46-0-0) densiniapAvlauasUSunalluiiy
YBEININY Scenedesmus dimorphus

m'mszgmu‘[m Adnavesamine S, dimorphus mam'tummmm}waq{lﬂqmsmim
(urea 46 0- 0) 'VlLLmnmmu 5 seffu wudnimdnuieasdmieiunliniunatudenainis
wasisaiiniy %aummammvmm'mwuﬂwaqmn'ﬁm (urea 46-0-0) 200 % Wi1fiu 1.08 +
0.03 nusiefing o Jufl 16 vasmsumasdlasfinuuanswedrifaddgmiadatunnyans
vg@es (Wil 4.25)



35

16
14
o
g 1} *50%
2 4
10
g ¥ aso%
06 | 3 g e 0200%
04 &
0.2
0
0 4 8 12 16 20

181 (1)

of = 1 . L o P at L
AN 4.25 3178 (meg/l) w8sdmIg S. dimorphus 'lummiqmsmsm (46-0-0) NTzAUAMNUNIU
5 sgeiu

sen¥ng Usinaunaelsflad 1 vasamsne 5. dimorphus Tunnganiavaaasiiwun T
wnfuidenrududunssiiogninisin (urea 46-0-0) iiusniy Tagamsifiiagnsn1sdn (urea
46-0-0) 50 % flAnaelsfad ta guamiviaiy 2.40+0.00 fiadnsuriadng Tuiufl 16 vesnTmea: Tng
fmmuandseg it wamsaiiunagnniseass (nmit 4.26)

3
& 1%
® 25 kb 50%
E : ¢ -
a N | A 100%
;‘é & % 3 § A 150%
[]
[F5d 1.5 m
- ¢ o 420D 4§ ozo%
« 1 k & 1y = D
* t
05 b 5 S &
0* | ] | ] ']
0 4 8 12 16 20
18 (31)

J o 1 . L 4 =J o’
AT 4.26 AasliHad-ia (mg/l) 1esamine S. dimorphus TuawnsgasmIe (46-0-0) AsvsiuaI
Vit 5 sudiu



36

hinauelsiiuesd vesdwing S. dimomphus lumngantsvaaasiinualiinfiusniy
Tngsmnsfiivogrsniséi (urea 46-0-0) 1 % HAUTinanalsiiuesd gigavinfu 0.54:0.00
fiadnYusiodns Tutuil 14 vesmveass Tneflanuuandedvilfsdwaneadftuganiswaaes
(A Wil 4.27)

< 1%

* 50%

e o o Qo
o o o b
|

L osdk
igg§§§;$@§

uAlsAuasd (mgh)

0 4 16 20

8 ol
IR ('m%

A 1 . 4 4
WA 4.27 welsfiuans (me/l) wasaming S. dimorphus Tuetmsgnanisan (46-0-0) fissfupan
it 5 Tediv

Vinalusiiuvesdmsiavunidn S, dimorphus iswaliusiusntiuluynganisvaaes

- -l v oW » I o
Tneamsafibewheamsidaududuresiegasnism (urea 46-0-0) 50 % HUTualusiuun
ﬂ‘ LI o oo ol £ o @ 4 of ¥ or aa
figawinfu 259.56£12.63 fiadniusefing luiun 18 vasmanaass damuensiniunsadiiiuya
n1sneanlugninisin (urea 46-0-0) 1, 150 uaw 200 % uay 346.31+12.59 fadniusaniu Tu
ar 4 il 1 g at B e RS i L
Fufl 20 wesmsvmant usliflanuunndiunnadduganisnnassiilidegninism (urea 46-0-0)

- .

1 uaz 50 % (pwn 4.28-4.29)

300
g & 1%
200 } 3 % 4
2 “*g“@ o 50%
et A B R
A THOL
EO* % ] L a
0 16 20

8 o
LI81 (qu%

a#t 4.28 Wi (me/l) vasamdre S, dimorphus Tuensgnsn1san (46-0-0) fsvduanududy
5 86U



37

400
320 } i % %
= Py ] o1%
E 20 F & ? 2 g ? % h #50%
l?‘ 160 b % % g @ T A100%
= A % é m g A 150%
80 01200%
N

0 4 16 20

Swm (-i'u)lz

P t . 25 = a
AR 4.29 TUshiu (mg/g) venamse S. dimorphus Tusnsgnsnmafi (46-0-0) Aisvsiuay
i 5 sueiu

- ' ) A & Y] v o
Vuaeilulawspnvasamse S. dimorphus Mdesluseausnmduduleansnisd
- v o & ar v W - of d &
(urea 46-0-0) fluwludumnulunnseiuaududu Tnsdduaaslulewmsmnnigaiedss
1 ﬂ‘ 27 1 (3] - - ol i o at A
amefdagasmsi (urea 46-0-0) 100 % Wity 239.16+5.53 fafndusieding lulud 18 vems
NAADY Iﬂﬂﬁﬂ')'11.1uﬂﬂﬂ"l\iaEJ'N?JUE!?T']FIQ!VIqﬁﬁﬂﬂﬂUﬂﬂﬁﬂﬂqsﬂﬂaaQﬂ way 312.03+£8.31 Maaniume
al ) d ﬂ' it ] oo A
3 Tutui 18 gsamsnaass ehilimuunniansadifuynganiswaasd (nwd 6.30-4.31)

250 2 B
S 200 | * 50%
= 150 } ; A 100%
&
& A 150%
B 100 } $ 33 ’
= i H é @ 0 200%
& o5 | S % B g
& 2 é

0 L] i '] L

(=T
A

8 12 16 20

181 (W)

" i o % d W
i 4.30 mslulanse (mg/l) vasamsne S. dimorphus Tuamnsgnanisén (46-0-0) MiszAuA
vty 5 seav



38

350
1%
300 }
_ *50%
W 250 k
? A100
-g 200 B o
g A150
| i bl % % %
£ 100 | ; g Ae e X g
soT m O
0 . . . A
0 4 8 12 16 20

um ()
= ’ . 2 | a
an 4.31 adlulainin (me/e) wosawse S. dimorphus 'lua‘m‘rsgwsn'ﬁﬂ'l (46-0-0) NIvAY
ALY 5 T8
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% (A51971 4.6)

USunansaluiy annisvaasadasdmsng S dimorphus 'Lum"mwu'uwaqﬂaqm
N15A (urea 46-0-0) FiAUKYT 5 58U 1-200 % TaswSeuiiisudiasddssnayluiiufann (il
4.32) Famuansalefuinduefifud ‘Eﬂaﬂwaan'm'l'uuwwumanm’tuumazmmwmuuu
wuinilnsaluiududs Urdlifn (C16:0) unilaalunnyanianaasswiniu 5241 - 67.29 % uas
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Y nawdEih (/0 USunniat (%)
S¥AU

A
Wty 1% 50% 100% 150% 200% 1% 50% 100% 150% 200%
0 0.12+ 0,00 0.12+ 0.00™ 0.12x 0.00™ 0.12¢ 0.00* 0,12+ 0.00% 31.8720.39° 31,8703 31.8740.39°° 31.87+0.39° 31.8740.35%
4 0.10+0.00% 0.09:0.00* 0.10+0.00* 0.10:0.00* 0.11:0.00% 20.690.55% 19.3520.40% 20.74+0.38% 20.88:0.69™ 24.12:0.04
2 0.13£0.00" 0.12£0.00° 0.14+0.00% 0.14+0.06% 0.1420.01% 23.0820.81°" 21652025 26.8420.89" 22.8720.66™° 22455112
12 0.1710.00% 0.1920,01"" 0.210.00%° 0242001 0.26+0.02" 27.96+0.8¢° 24742079 31.05:1.37% 29,57+0.89" 32.42:0.79"
16 0.27£0.00% 031007 0.30£0.00° 0.29+0.02% 0.42+0,01" 31.910.59° 33.3341.46%° 32782053 32.98:0.98°° 40.8020.97
20 0.19£0.01™ 0.21£0.01" 0.2320.00%° 0.22:0.01°¢ 0.22£001°° 29.2610.67° 20,1200.72% | 31821027 28.95:0.39% 27.660.59"
FpAnwainmininnuRm INUnATILARARTINGEMALA £coos Andnuelnmnd NI EntAnF IMANE NI INIRUEU pogos
ansefl 4.6 (o) nsidiRuTauasuSinalediuresaiwiae S. dimorphus TusnwsanIntsan (46-0-0) fisgsrupudatiu 5 seeu
Fursudiu fdanasudaluiv (me/i/d) Smnnsdnduladunis (1/day)

PRt

iy 1% 50% 100% 150%. 200% 1% 50% 100% 150% 200%

0 0.00£0.00* 0.00£0.00* 0.0020.00* 0.00+0.00% 0.00:000* | 0.00£000* | 0.00£0.00%* | 000£0.00* | 0.00£0.00® | 0.00+0.00™

4 2935 3.0 | 27.16:230°C | 3269+2.04% | 33462271 | 40.604£1.33™ | 0.14£0.01% | 0.1420.01% 0.15£0.01° | 0.1620.01™° | 0.2:0.01%

8 20.17£1.54%° 10.794152% | 27.48:371% | 26.13:256%® | 25231+2.69% | 0.09 £0.01%® | 0.09:0.01* | 0112001 | 0.11 £0.01%¢ | 0.1120.01P

12 23.43:0.67® | 2038+125% | 27.64+2.05™ | 3628+3.67°° | 33.645¢1.45C | 0.12000° | 01040.00° 0.12+0.00%% | 0.11£0.00° | 0.08 +0.00%*

16 2a 802112 | 28.73:2.39%C | 27.031.19% | 2754:0.60% | 32.817:0.91% | 0.08:0.00® | 0084000 | 0.08+0.00 0.090.00%® | 0.09+0.00%®

20 20.00£0.70% | 2041108 | 27.45:0.16" | 2477+090% | 27.312+1.40% | 0.07 £000® | 0.120.00" | 0.09:+0.00%% 0.09£0.00% | 0.09+0.00°%

SySmuntnmndnquiarilvgiEraUANIALITUIN P<0.05 HydnualmnSngeiaidnusnemaianinannueL P<0.05
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4.3, Anwmarasoail NPK Faaduamanan uaz Jownsl NPK d2ufumén gisadauiy
anuAy gEesmiuman uargFeduiuraasd ﬁamimszgmu‘[nuauﬂﬁmmmuwaq
dusy

wnzidssamieaaeia luewnsiiaudnduvesioni NPK Safusaudud
wunzay (easutudunasidonarunduiivilawmielinandaluiugegn) waz doindl NPK Suiy
wénilemudduitmnzay @nnmedeudufuussdenaududuméniiddamininendn
Tusiugaan) Tnewedaduivaufhoun 10 dns uaﬂumﬂgummi Tagloias (wsrsuasuszana 50
%) WargUNNIANETINEIRA AsneAuTnaimiaui, aaslsiad (e, LLﬂIi‘wu‘éJEIﬂ sy,
aflulawmsm yn 2 fu Seseilalaarsveu Tuuuastiiansalafunn 4 Ju Vmswsiagudn

'isf.ls late exponentlal phase

edesamseiascin ’Lumm'iwum'mwmwaaﬂaaﬁawmmuau (At
amieinandnlufugeiian) Sufumiuduiimuzay (wﬂaau-uumuua-'l.aanﬂmmﬂwmiw
mmwuwawamﬁuuqqam) Uaaﬁawmm auuiuwinieududuinnzan waslogded
manzaudmfuneanesafinududuimansan Tnsmzdosdulvaudinuin 10 dns uan
WU ufinag Tnaliuas (wsrawasUsvana 50 %) wazgauvaiinuessuy i ArsaeiuTunanimin
uis, Aaslsiad Lo, unlsitueed, Wi, arslulawmsm yn 2 Ju Awssildlasmisueu lufuuay
wiiansaluliuyn 4 du vimamsidssudagsses late exponential phase

131 navasijeiadl NPK Sauiuands Joiall NPK safiumén. gdesauduermay
uay musmnvman sieamIng 8. brunil

mSLW'l”tatNa”ms'lﬂ Botfyococcus braunii KMITL 2 'Luammmswummu.mnmqn'uﬂa
Jugnsnisan (NP: K) Fauiu widin, NiPK Sy mqumu gisssaunAumin uasyiy Sawfuan

ol

win wunan 20 u Luammswa'ﬁmwm'nmwmmammaammms (N:PK) Sauduwan finandn
%amawamamﬂa 1.36+0.24 n3usadny (0.136 ma'mum) (A 4.33) Tnglaifimauuandisagnadl
Waddgyyiadi (p<0.05) nuawﬁwmﬂmmaﬂaamseu Taenswsaivlavssamsrefivua i
qﬁ"u ileszuznamesuidonintu (15197l 4.7) wuddr@anavasaiming Botryococcus
braunii fuuitniugedy e nlegasnsisznaylufesmemudn 3 vilafle lulnaiau
(N) ieavasa (P) uaslwuvadeu (K) Tnadnsnansdasidiuves NPK Tasfigudnsidmaingns
2MNARBLIAAT {IaammimﬂnmmLm"v.ama'miwLuaqanrmﬁ'mmmwummmtﬁumami
mcgmuim-ummmw uanmﬂumma‘lﬂmiﬂ'uLsaqmuwuwmﬁmflﬂz;aﬂimmimwuﬂauq a5
omsnalulnsiau Haarada u,a.flwLmawauwmmmumas'LummLﬂumuﬂi"ﬂawaamiﬁmm
ma‘]'lu:;mnwmuwaqnuns.,mumimt:umu‘imlmmniumumsaamﬂvmﬂ'wuaqua"nﬁma'{m
‘ummws'la wamiwmaaqaaﬂﬂamw L|u et al. (2008} Fumsvaassiiimniminuiwosaminses
LwnawumaLaaamummswumanmnw dlemndnfunummiilunsdaeseieuaduns
Lﬂaaumuar,aﬂmauu,az'zna'[umwﬁmwaulmaanlqm Feanszuvaunisdaanmeiiouddsall
awmaLaimmu‘[muaw1rmwawamwlﬂmﬂnismun'ﬁﬂqnanm'l'mnmwawamuasgnm‘lﬂ'tmwalﬂu
dulssnavvsnradiifwadiinsiadydule wasiiarudenndasiunisvnasiued Sasireka et al.
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4 L= = ! - d
it 4.33 maaseyiulavesanusie Botryococcus braunii KMITL 2 Tugasavnsiilan
unnsiy

ﬂ'l"iLﬂ"IuLﬁENEl'T%i"IEI Bot.vyococcus braunii KMITL 2 'Luqmmm'mum';mmnmqwm'l
Yiuunaaelsiad @ ‘I.‘uﬁ‘lWi'lEJ:JLLU']I‘LISJLW%.IE‘IW‘Liﬂ']!ﬁw&luL‘iﬁ"Iﬂ'l'il.W’l"l.ﬁEl\ﬂLﬂul.'iﬂl.‘ll']ﬂi“tlu Death
phase Tufudi 16 TBIMINRgRINaTHUITAMIEAABAI s mMIgRIy G esanduman fUSua
naelsflad 1 geitganinty 3.45:0.04 fadnfudedntluiui 20 vasnsmaaes (mvm 4.34) lnail
mmumﬂmqammuaﬁwﬂmmqamﬁ'umswmaaammsamsauq (p<0.05) (319 4.8) Famanns
vnassdanAdesiy Yasmine et al. (2017) Wnadauimieidesaimiag Nannochloropsis gaditana
INUNES "Luimwwhqq Wuszeziaat 12 u wm"l NHaCl (Ammonium Chloride) fuldSuna
Aaalsiad Lo figeilgaTatatinfie CHaNO (g3e) uilesningeify tﬂun.mmlu‘[mmwmwﬂ'mcm
mamelumJwm’tu‘tmwuauqmmmvaumuu'lml,mvLammwsw'lummm-ua Snfasqudng
ununluntsduasiziaaslsNaduesdamirslaswmbniinanssdunisvineiuuas Delta-
Aminolevulinic acid Bawimdhsadasiuntsdaaseinaslsiad Koopman et al. (1980) wui
aaalsadtivsslomfudunsnszqunsinuussitliitudaaiuiviavensad delinstudne
Atuwsznaslsiiaday m&nﬁumumswgmmmmaﬂa Herrera et al. (1989) uarfinsldnaalsiiad
dnlhuundwindnmsnuasidinaansomns uuldad (2538) wasthaselsfladifuiitsannmne
ﬂaaiiﬁaausﬂuuumnauﬂua‘[u‘lﬂauuummwnuwaﬁdu‘[nauuuﬁmmantﬂuﬂuﬂnaflqmu
ﬂaaI'i"Naau5'1mu.uﬂm%amﬁuﬁuanmamsiﬁwwawuuﬂwaa paplsfadiduasiitdafivluswme
Wiviinsgeusamdnifuiusnnudadeauasafuansii
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Va1 ()
¢+ NPK:Fe = NPK:Salpity Urea:Fe B Urea:Salinity

ol =y =y L4 13 re ﬂ‘
it 4.34 Yhinaeaelsiiad e 9atamsie Botryococeus braunii KMITL 2 lugmsawnailiany
upnAeiY

namsAnnuInaualsiuesluynyantmaassiiwiliufugsiuilessosam
mawsdsaiuty lnevuvinuualsiuesdinniigaiignsoims N:PK Saufumdn Tnsitdwviniy
2.4820. 33 ﬁaﬁn‘%’uﬁaﬁm Tutuilis wqmnwmgﬂﬂmaﬁﬂmuumnshaathqﬁﬁaﬁwﬁ’zywwaﬁﬁﬁ'u
a'ms'lEml.ammEJa'm'i'iam'imiai?unum'a'mtﬂu (p<0.05) (mww 4.35, 13791 4. 9) Ll,a%"w'telis ]
Death phase il 18 wmm'maaaa'luwnamiaqm'smwamiwmawfluwumuaamauimmmflu
aaﬂﬂiuﬂawéﬁﬂmman umwu'aavn'lmaﬂ'amnlu #1318 Botryococcus braunii KMITL 2 uuawu
u,axi'hﬂwanwuwamananamﬂaﬂimmiuimmuLw'i'tku'mwanﬂama‘lum‘sﬁ’«tﬂswmeaaa*ﬂmﬂ
Tmgaglufanssuniavineuvanoule) amﬂivnauvmmﬂuﬁmmmaquﬂiwuaaﬂﬂa astaxanthin
Donkin (1976) afiewl¥ astaxanthin fuastusmnsdnifedniunuasdehinitefisilidahiwie
wasdnandnivmdudldune ﬁmawu‘lwuaaummmuaww‘l,ﬁ'ﬂ.us'm1@« Johnson and Scrroeder
(1995) uazly astaxanthin 'mwm-umﬂaﬂm'l.waﬂnﬁummiuﬂizmu \Joudnd (2535) uenanil
astaxanthin m'lna'lmwuﬂmauum'lun’mﬂu antioxidant ‘mqsﬂ Kobayashi and Sakamoto (1999)
annsatiasfumsiAnlsauzsuaniasants Palozza and Krinsky (1992)
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» NPK:Fe = NPK:Sali = Urea:Fe ® Urea:Sali

= P 1 " =
Al 4.35 Usinaalsfiuasduasaing Botryococcus braunii KMITL 2 lugmsanwnsidianu
wAnEAY

Ysunailusivsesameduunliudunniunussesatumsdsuasanddsses
Death phase Tuiuil 18 vasmsnaasslunngnsenus aWi%Wﬂﬁtwm.gmﬁwqmsawm N:P:K
swmfuman uUsmmTﬂ'imumﬂwammnu 71.99+0.63 fladnfusiedns lutud 14 waqmsmmaam
mmu,mnm'Naawuuuz‘a’mmnnmwwwl,ammqumsauq (p<0.05) (MW £.36, M1377 6.10) uas
Wudrgdngssus Death phase Tududl 16 veen1snnaasiiaanAdnifunan1sNaAaBeuBa
Subramaniyan Venkatesan et al. (2013) mmiﬁnmwamaaﬂaﬁm‘i KsHPO, Aau3unallushudile
-uaqmwsw Botryococcus braunii KM-104 Vl‘tnﬂm']m'uu'tlu 0.29 mM uumlmﬂiu'lmmsmumﬂ
figm (nwil 2.19) wasUTinailusAuTranammssEsRaTIININTY INNSIRRBINUTNEIREIMNS
ﬁ'lmmqm'smwﬁ (NPK) Taesgansisiulasiau Heanea warinunadaumuindautdluFes
Wudhulsznaveasansdifiy e 'Lu';gf-msmnm’umﬂunssuqumsLaﬁrgmu‘imlmnns"mumi
Fupssidsuauasnsmelaesamiednisauiniunuiludenssuiumsduassiie
LEaRLARTUDATeE M dmavbARR TR ualude nnsAinemuiaTusiy
Fdnnamdrwansailuadnieinwie Tararat et at. (2557) ldvihnrsAnginisndnfing@anm
IntswadamItormdnaneug Chlorella sp. TISTR 8990 fisunisadaluflagrinisuiin
meaammwﬂuqaumawammwmuwu:numimammﬁ'}mwavauamLmnu 86.30 fiadfng
waynsudefneiinuasaugeganiafy 1.92 faddns Tussesiian 15 3y dlodnfiudadiusenining
funsefnetnmlassminaatdluiud 15 vaameminwiniu 2.23 wefidud
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a1 ()
* NPK:Fe ® NPK:Sali = Urea:Fe B Urea:Sali

el = ' A = '
amifl 4.36 Uinailusiiuvesamsne Botryococcus braunii KMITL 2 lugnsemmindinauunndn
i

Winueslulawsnredmieivusliniunnfusssesaatlunisdsaazanas
Tudaeiudl 16 1oansvnans wasSinainsulamsavesdmseiivualiufunnivegiemng
W meiinsaseihsamisgnse s NPk Saufumdn fusanuansiulewssnnfigasiniy
365.50+23.90 fnaniudedasluiuil 20 saamswis@smasipruunndisesifeddyvnaada
fugnsemns NPK saufummnfi uazgiFosaufunannda (P<0.05) (nwil 4.37, amnadl 4.11) &
donAdaifUNauDd Subramaniyan Venkatesan et al. (2013) Anw1 KHPO, inU3uwu
anslulawnsmitldvnsameny Botryococcus braunii KM-104 fidaaaanndudu 0.63 mM aduwuiilif
Uimaarslulamsaniniaaludasine g dayaaadutudusirdivualiufmadoady
andlulansaiuasifudiuddglulasaireraasdusznaulalnsarfueudaiinadonaiilundn
Wowmdedanm nannnisfnwsznuismuiniuiiunumdavinamsiulawsaieninsn
wdnfumumiludainsduensitsuaadunssuninsivinlfamisaiandlulensedasdma
aiml%u*umhﬁuﬁLﬁnqaﬁumu‘LUéhaﬁﬂﬂ%’ﬂﬂ%mmmé‘nmmﬁum'mé"stﬂuazﬁawa’lﬁtﬁﬂnﬁé’uga
nssurumsauadduredlasinihliamiefismuedongadamisrsuuasugiuuunis
avanovsonarilulamsmdutaiudaunsaiividuunamenisudnlulaenusalasanunse
admslulansaunuiiandulutudsedannedmiunmdsiuTaemuaadumilulawsaain
avswamsaadmftendmuinldhnaiinsusanahannsonisenuealdgean 15,000 unasy
/a3 /U Cheryl. (2008)
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* NPK:Fe = NPK:Sali = Urea:Fe 8 Urea:Sali

o o 1 " ol
o 4.37 USunaandlulawnseeesamsng Botryococcus braunii KMITL 2 'Euqmimw]‘iwum’m
RN
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asah 4.7 msSadulsluawsiy Botryococcus braunii KMITL 2 Tumsiweidudlagldgniomsiuansraiy
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ke (Fu)
gmsm‘ms
0 2 4 6 8 10
N:P:K Saufiuimdin 0.28+0.02% 0.375:0.04%" 0.230.06% 0.4+0.03% 0.24:0.05% 0.540,02°
N:P:K Sanifunanudy 0.28+0.02°% 0.29:£0.04%"8 0.31:0.08% 0.12:0.04® 0.490.02°™ 0.73%0.14°%
yRpTwuman 0.28+0,02* 0.26+0.03%® 0.27+0.02% 0.37£0.11%° 0.370.02** 0.26:0.10°
giSuvmiuaTIAN 0.28+0.02" 0.14+0.05° 0.34+0.12° 0.16+0.04>® 0.58+0.42% 0.77£0.09*
ans1afl 4.7 (o) madiulaluamsne Botryococcus braunii KMITL 2 Tumswnadodasdansemnsfiunndeiu
e ()
aAnsons
12 14 16 18 20
N:P:K $amfuivdin 0.65:0.04°* 0.39£0.12% 0.81x0.15" 0.94:0.09™ 1.360.24*
N:P:K Sauiumamnfa 0.57:0.10%* 0.67:0.02° 0.88+0.16C 1.170.19% 1.1220.06™*
gidymiuman 0.37:+0.09* 0.50+0.11* 0.70£0.07* 0.96+0.31* 1.07+0.23*
gi3daiumnnas 0.78+0.48* 0.740.09* 0.52£0.12* 0.63£0.09* 0.770.18%

T = -1 <t o ol 1 o o ol 1 ] = oa ar am
FenwsRuanluunusudsiiuiuansheiufeiirnuunnanegrdideigvneeda (p<0.05)
v a a o w oo A | ] o ar aa
Fsrusiuivgluumsadmiuiuanssiufelirmuuanaedeildeddymasda (p<0.05)




A =3 -y ] va e'd’ 174 nl ] or
A15147 4.8 USinuraslsiad e Tuanvishe Botryococcus braunii KMITL 2 lunisinsidelagldgasanmnsiunnenafu

a9

a1 ()
gnioms
0 2 4 6 8 10
N:P:K $aufumén 0.3220.00% 0.700.07%* 0.92+0.115% 1.14x0.03% 2.12:+0.12% 2.12+0.05%
N:P:K Saufusmdn | 0.32:0.00% 0.4120.08% 0.37+0.02%° 0.41:£0.01% 0.72:£0.06% 0.780.03™
yi3usmiuindn 0.37£0.00™ 0.580.07"%® 0.58+0.07"% 0.67+0.06% 1.24+0.12" 1.43+0.12°
gRuTmiuATIAY 0.32+0.00" 0.390.04® 0.46+0.05® 0.37+0.05° 0.68+0.02° 0.74+0.03°
gr51eft 4.8 (s19) Uumaelsilad o Tuamisny Botryococcus braunii KMITL 2 Tumsimnzdedagldansamsiiuansaiu
van (3u)
RG]
12 14 16 18 20

N:P:K 32urfuinén 2.29+0.02* 2.54:+0,02° 3.74:0.03™ 2.30+0.11°% 3,79:0.30*

N:P:K SamffussLfn 0.91x0.02% 1.79+0.04%® 1,50+0.07° 1.64+0.13°¢ 1.95:+0.08%C

giSvsuiumin 1.7320.02% 2.410.02% 2.81+0.05% 3.13+0.03™ 3.45:0.04°°

yiSusmiuaInniyl 0.92:+0.04% 1.84+0.04% 1.100.04 0.970.04<° 1.22+0.04°°

o at -, o =l o d ) at o =l 1] 1] =l 4t at L33
fhenwshuvidnlunausudsduiuandrsiufelinuusndaednsiiiedAnm e (p<0.05)
a ot = ﬂ'.lf o 4 13 o 13 ) - a o oy
frdnusiuilvgiluumaudieriuiunndsiufelinuuaniwedditiudrynnaein (p<0.05)
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N33
0 2 4 6 8 10
N:P:K $auffumén 0.26:0.00" 0.38+0.015% 0.59+0.025% 0.63:0.02%" 0.76+0.15%% 0.85+0.85%*
N:P:K $aufiupaaifi 0.26:0.00% 0.26:£0.04° 0.19x0.03% 0.29+0,02 0.67+0.06* 0.5220.04
gFusamfuiman 0.26+0.00%" 0.40+0.03% 0.49:£0.06* 0.65+0.01" 0.56+0.01" 0.63+0.01%
giSpsamiuR LAY 0.25:0.00%* 0.34+0.01%* 0.32+0.07% 0.49:0.02% 0.49:£0.04™ 0.49:0.01%
a1s1af 4.9 (58) USinauualsiiueesiluausiy Botryococcus braunii KMITL 2 lunumzdesladldgasanmnsilunnseiy
e (3u)
gryenng
12 14 16 18 20

N:P:K saufumén 0.96:0.01°% 1.34+0.00% 2.48+0.33* 0.76+0,02%" 1.83+0.04°

N:P:K $raifuny Ay 1.41+0.00* 1.36+0.01% 1.28+0.08%° 0.3020.04°%¢ 1.120.02°

gidusmiumin 0.91+0.01°% 1.36+0.01°* 2.10+0.51*% 0.49+0.14%° 1.94+0,01%%

g3uTauiurmdy 0.67+0.00 0.83+0.01° 0.9520.07° 0.08+0.01% 1.0720.05

o o ¢ o =l o o 1] er oo of 1 ] <t @ o W oy
FrdnusRaiEnluwausudeduiuandeiufsliamuusnasedgraiiisdngnisats (p<0.05)
W ar Y o w al ] at = ' 1 4 os aa
Fsnwsfilngluumaafsiuiuanseiufelirmuendwetdidudfigmeaif (p<0.05)
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A15197 4.10 VSanailusiluamse Botryococcus braunii KMITL 2 lumsimsidedlasldgasomsiiunnaieiu (me/L)
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LR L ﬁu}
’ 0 2 4 6 8 10
N:P:K $auffusmén 67.97+0.25° 16.01+0,65™" 31.07+1.20% 31.8+1.03°% 38.3542,02% | 57.43x155%
N:P:K S2urfuRIuLAN 68.23+0.29% 13.01+0.65° 21.79+3.34%% 22.30+0.48%C 26.06+2.76™* | 36.35:1.20°C
piRuswiuman 68.23+0.29° 18.78+0.86% 21.79+1.90% 26.81+0.48% 38362276 | 47.14+1.20°°
aBeswmiuATInAY 68.22+0.29°* 19.28+1.11% 15.01+0.297 23.55:0.41C 48.39+3.94°% | 57.18+2.91°™
a151971 4.10 (o) Udmnaulusivluanwsne Botryococcus braunii KMITL 2 Tumsinzisdasidansonusiiunnseiu (me/L)
GlaERA MY han ()
’ 12 14 16 18 20 12
N:P:K Fauifuimén 67.97+0.48° 71.99+0.63* 48.14+1.56"° 64,965,872 46.39+5.69°" |  67.97+0.48%
N:P:K Safueundy | 50.15+1.86™ 28.82+0.48°° 41.62:2.05" 28,32+7.40%° 29.82+0.95%* |  50.15+1.86™
gidusamiumin 51.160.65"C 40.36+1.50°C 66.47+5.82* 59.94:5.96*" 41.12+6,10% |  51.16+0.65%
giSugamiumnaify 62.95+1,80 %% 61,952,767 47.39+9.13°#® 36.60:6.05°% | 34.84£2.029 | 62.95+1.80°

at ur o . a = w ol i a d_ = . 1 o @ o
fsnushtidnluwaueudenfuiiuandsiufedinuunnanedsiiisdAgmeia (p<0.05)
ot el - 5 @ A 1 s ¥ T =l ot a e ]
shdnusfavgluimdufieriuiuenaeiufeliauusnawedsdiieddynaats (p<0.05)
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— a1 ()

_ 0 2 4 6 8
N:PK S2iumén 25.31+0.07% 17.67+1.79% 39.79x1.70%4 38.59+3.23%A 57.05+4.50%*
NP:K Saufumnanfy | 25.31£0.07% 10.75+0.59°" 18.63+0.47°C 19,12+0.09% 39,25+2.13°
gifusmiuwmdn 25.3020.07% 13.96:0,92"° 26.66+2.19% 28.9120.14"° 51,64+0.03%
Bosudumnf 25.30+0.07% 10.99+0.76" 28.63+0.93%8 24.69+0.22%%¢ 36.06+0.63%¢

A15797 4.11 (8) Vanaundlulewsaluaming Botryococcus brauni KMITL 2 Tumsinzisdlagligasemsiiunnseriy (mg/L)
gnIoms na1 ()

12 14 16 18 20
N:PK Saufumwdn | 77.2+0.25% 202.25+0.21% 202.14+1.73% 281.94+17.85% 365.50+23.90*
N:P:K Shuffupnandy | 68.3321.455 | 91.88+4.64% 152.77+1.89" 145.84+15.36" 204.04:+4.18°%
Sodwiuwman 66.11+0.14® 208.66+0.08*" 197.38+0.46% 233.02+3.14% 268.35+31.90%

gSesaiuananAn | 48.01£0.14%° | 158.50£0.31% 135.74x0.52" 78,14:x1.57< 136.55+3.40%

e of o o4 <l at el ] as Ol o ] 1 ol ol <’ o,
msnwsfariidnlunausuifgatuiunnssiufeliaunananegaiidedAgyneaits (p<0.05)
oot = 0‘; at d 3 [ t 1 ol r ot LYY
fhanesfumlnglunenaudefuiusnseiufsiinmunndnedwiivdwyneaia (p<0.05)
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ans1ef 4,12 Vinadlasiulugnwsne Botryococcus braunii KMITL 2 meldnsisidodlagldgnsannsfiunnsiaiy
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(387 (W)
gnInms
0 4 8 12 16 20
N:P:K Saufiuwvan 19.25+0.29°%8 19,79+0.43%8 23.3812.19*"8 22.38+0.28%°8 20.74+0.92°% 18.58+0.63"
N:P:K Shfuanudy 19.25+0.29°¢ 0.09+0.02% 0.05+0.01%% 0.13+0.020¢ 0.19+0.03%5¢ 0.23+0.01
gi3tsauiuiman 20.3020.30%° 22.5020.88% 16.1920.71% | 3566x0.78% 26.30:152% | 23.28+0.86°
giSusmiuaendy 20.55+0.31% 11.43+0.58* 16.67+2.27% 20.72+0.70°° 30.52+1.55% 20.510.42°°

.

4 =3 at P . 1 b 3 27 A ] ol
@157 4.13 wanAnluii (Lipid yield) Tuawse Botryococcus braunii KMITL 2 ma‘lﬁmﬂmmaaqiﬂal'uqmsmmsmmnmqﬂu

) ] [*) d 1 ) al a ot = on
enwsuiinglunmudeduiwensatufelinnuusndnsednadidod diyneadi (p<0.05)

ol o 8o ol w o | ' el ar aa
[ nmwuwmn’lutm‘maummnummnmaﬂmoumwLmnm’matl’wnuaﬂmmmaﬂnm (p<0.05)

nan ()
QWE‘E)’!WIS
0 4 8 12 16 20
N:P:K SaaifuLvdn 0.05£0.00" 0.0420.01% 0.0620.01% 12 16 20
N:P:K Sasifumidy 0.050.00" 0.09:0.02% 0.05+0.01% 0.15+0.02% 0.18+0.03* | 0.24+0.05*
gi3usaiuman 0.06+0.00% 0.040.02% 0.14+0.04* 0134002 | 0.19£0.03* | 023+0.01*
B3 mRuATINLAY 0.06+0.00% 0.04:0.01* 0.120.10* 0142004 | 0182002 | 0.25+0.06*

 ar = £ o = o o 3 w & o 1 ] al or ar - e
shsnustusiidnluumusufetuiuensetufsilauusnseaiivadngymneadin (p<0.05)
w4 o 3 ar AJ 1) [P | 1 ] o b - e

Frdnusiuilugluumdufsaiuiunnsaiufedamuuansied wiltudAgmeadd (p<0.05)
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a1 8.14 Fdsmswanluu ( Lipid Productivity) Tuanmse Botryococcus braunii KMITL 2 mglinmsiwziaelagld gnsemisiuansinaiu

3@ ()
gaswns
0 aq 8 12 16 20
N:P:K Sauifuindn 0.00+0.00 3762177 3.13+1.01* 2.78+0.53% 2.27+0.37® 2.54.+0.24*
N:P:K safuamaéis 0.00+0.00 3.91+0.75% 4.77+0.80% 6.39+0.33% 34340487 | 3.38+0.32%
3SR umEn 0.00£0.00 3.330.73* 2.21+0.54* 4.16+0.70% 2.84+0.13%° | 3.3620.36™
giFusmiuananda 0.000.00 3.490.19* 4.25+1.66* 4.60£0.62*" 517+0.73* | 3.59+0.33*

w o a ¢ =l w oA oA al ' oA o “
fhdnwsRuiidnlukaruswieiuiuanasiuAelinuuans et wlltisdemmneain (p<0.05)
W et F) 5 ot ﬂl ) oF =l i . o oot -y
Fdnusinilnglusmaadefuiuanseiufoleuunnsnedwiilbdfgymeaia (p<0.05)
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=3 or = < o . 1 o - o ]
a1s1ef 4.15 Sammsedaiulasime (Specific erowth rate) Tuswse Botryococcus braunii KMITL 2 melanmsinzidedagld grsewnsnuane

fiu
van (3u)
gnsomns
0 il 8 12 16 20
N:P:K Saufuimdn 0.00£0.00 0.19+0.08* 0.1320.04%%* 0.12+0.02°* | 0.14+0.022* | 0.14+0.00°%
N:P:K SaufuA LAY 0.00£0.00 0.14+0,03" 0.17+0.03* 0.19+0.03* 0.15+0.02* 0.17+0.02*
giSesmiumdn 0.000.00 0.15+0.03% 0.13+0.03% 012002 | 0.112001%* |  0.140.01*
alSusuiuaAy 0.00:£0.00 0.31+0.03* 0.23+0.06** 0.22+0.03* | 0.17+0.02** |  0.18+0.02*"

v a 4 =i v o ) W oA ] . Y ao
ssnusivfidnlunesusuiferduiuandeiuRalinnuusnarsadnihisdfgnieaia (p<0.05)
a o =3 3 at 4 ) L ol 1 ) ar l =
shnusfiuilngllusadafeiuiunnsieiufefinruunndasdiifyddgymeaiia (p<0.05)



o S O | . ' .. v & u al s
397 4.16 uwinda (Biomass) Tuamse Botryococcus braunii KMITL 2 aelimsimzifeslagldgasamsiuansnaiu

1@ ()
gnsomns
0 i 8 12 16 20
N:P:K S2uffuvan 0.28+0.02% 0.23+0.06% 0.24+0.05% 0.65+0.04°4 0.81+0.15% | 1.36+0.24*
NP Saufumundy | 0.28+0.02°% | 0.31+0.03° 0.490.02% 0.570.10°* | 0.88:0.16™* | 1.1240.06*
gi3uswAumin 0.28+0.02° 0.27+0.02% 0.37+0.02° 0.37+0.09° 0.70£0.07** | 1.0720.23*
Fudufuamandy 0.2820.02* 0.34+0.12* 0.58+0.42% 078+0.48* 0.52+0.12%* | 0.77+0.18%

g
0]

a & = | y WA A ' T 'Y o
fdnuiRaidEnlunauswsiuiiuenssiufedisuusnnisegiiisdnneeEin (p<0.05)

o ooa =

0‘5 at A ] L2 ot 1 1 at ot =, 1
shsnusiniinglunemaadnduiuansraiufeliauuaneiisesnaiiluddgmiseda (p<0.05)



56

UFunalediu (Lipid content) Aigefiganulugaseimts gidssauduman wifu
35.66£0.78 wWafidud Tutuil 12 2esnvessdlagniaaadimmunndsedisiifoddyivaims
grsgiuiuanufunarges N:PK saufueataiiy (P<0.05) (M3ail 4.12)

nandnlosiu (Lipid vield) Tuanvsiry Botryococcus braunii KMITL 2 a18lanns
wn-'Laaqiﬂﬂlﬁamamﬁwu,mnmanuwaewaﬂwu'luammmi giasaunuwén 1v1110.25:0.06
naaﬂiumaamﬂmw 20 vpamsvaasdashifimmendediifuddyiuemisgasdu (P<0.05)
(5797 4.13)

fadentsndnleiu (Lipid Productivity) Tuamsae Botryococcus braunii KMITL2
maldnamaiedagld gasemnsiluandneiu AgeigamulugnsemsgSesmiueud iy
5.17+0.73 n3usednsweu luiuil 16 Tnansweassinmunndwedniideddgyfungnsetms
(P<0.05) (An3nafl 4.14)

Fanrsniasiuladunte (Specific growth rate) luanse Botryococcus braunit
KMITL2 meldmsmnzidodadld gnsemsiuandeiu fgaigamulugnsensglusaafuindn
Wiy 0.31+0.03 nfudednsaaiu luiudl 4 Tasnimveassiirrmiuandegsltoddgivams
ansgSusamiuni (P<0.05) (3197 4.15)

nnsuaaasnuIUSunaluiunandatuiuluawite Botryococcus braunii KMITL 2
Tugmsamsgiiesudumén umgwaﬂLummn‘luimmuumama'umumsmmuaaﬁum’imﬂsmm
Taffunniuluamsennain gioduwadilasauliutamse TunsAnwdsugfunudh lpid
content aranAnTaLRnT Ul Luaqmnn'mwnvl,aaa'i.uann #199 Wy nsddanisiilulnsiay
(Limiting) 11uaqna'lwﬂmm‘lwumwuawu Faaarndnafy Hsieh and Wu (2009) T.ﬂu'lmmaae.am
Tulasiau @Gy Tumsdsamieiny Chtoreua sp. luannzanlulasiou (gi3e) # 0.025, 0.050,
0.100, 0.150 uae 0.200 NTunBART Nawm'lqﬁﬂmuﬂu 0.025 n3usiodas fiavili Chiorella sp. {i
Wnadlutfugegnia 0.661 nfudeady szlulanauiinasaruumswaiuedninliuGinalyiy
wntlugmievuindn uazaenadasiuiy Goswami et al (2011) lgfinwinsidivlauesaiuine
Scenedesmus dimorphus wa¥ Scenedesmus quadricauda Wuat 11 Yu agldaududuees
g3iuandiaiy m’tuwa‘tﬂluwmmqmmnmwﬁauu Juuvadulasiauiifismemisifivawens
m’aumaqm'ﬂumsmrmmuimma'msqauavwmmﬂimmawm'luwaaa%ﬁwuuuuu'ﬂuumwsu'im
Wududny (Nayak et ai 2016) wmwsmm NaNOs #anasuazn1sAn metabolism v:mﬂ-uuuu
¥ilsUSuaas biomass thuanas wn 3t Nitrogen Content Hufivi1lsk lipid content e
muumaiﬂlﬂm windiansusunasTi ulasiau Amsaslaensiely wiadu NaNO; auviili
a'mswL%‘immu‘lﬂlﬂmaunam lipid content Wnntusae

Adansnanludu (Lipid Productivity) wardnsinisaigauladunis (Specific growth
rate) luam$1e Botryococcus braunii KMITL 2 geilganulugnsemmisgiiesauiuniiuifu d
danAdaddu (Furuhashi ef al., 2016) wudwmiuAniinadaniswsyivlnvasaming B, brauni
Lummnlummmuummmm'iaﬂ'luﬂmmmaqm'ima'miwzsmmmmua1ﬁ'mmmim'['ﬁums
Ln'irgLmu‘l‘.mmlmwaaummmwuawu vrlinasdnluiuiiviuuigduiinasiiiiuiuns
Telasmivawdingedumaludag
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aw$1e Botryococcus braunii KMITL2 lugnsemsiiuandnaiy wuindlefarsants
ngunsalutiu (C10:0-C18:1) finnds 80.95 wWasidud 1éfu.fimmiamsuL"’s'as"mﬁ’um'umﬁu Fansn
IwuuuuﬂmauucsItuuwvmamim'lﬂmamﬁu‘luiamsua (913797 4.17-6.22) AUUIRTFIUVES
(ASTMD975) ﬂsmlmuumaamawmuwamvm'bﬁ'ium'mamluiamﬁalﬂmamLaﬂu%mu‘lumn:n 40
Knothe. (2005) mnmsmaaaﬂﬁuwmw elw'swmaaq'tua'lmswnam finsalutuifin@wuinnn
1 40 (C10:0-C18:1) agludae 57.46-80.95 wWeddud nan1smaassaasrdadiu Danielo (2005)
wm'la'wrswwﬂﬂLanwu‘swmumﬂmmmnan'm'(,umi'lmLﬁuwaqmuwmwum oy @vaed
wﬂ'ﬂuana Chlorella sp. awsisnaxlaeyaes awserundnasananauasnsalufuieadiu
msu'[maLﬂmmaqwawuauau wansSunadAninuluamiteeiinsiie
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o o Y] 1 - o o
#1579 4.17 wilansaluiuvesawing Botryococcus braunii KMITL 2 se¥iuit 0 anoléinng
é’ A ¥ ar
mrzasdlasldgasemsiuansniiuy

PSp—— gusennslunsinsidssaming

N:P:KFe | NPKS | ui¥sfe pde-S
Butyric Acid C4:0 74.21 591 74.21 74.21
Caproic Acid C6:0 0.20 0.20 0.20 0.20
Caprylic Acid C8:0 1.07 1.07 1.07 1.07
Capric Acid C10:0 1.50 1.50 1.50 1.50
Undecanoic Acid C11:.0 274 274 274 274
Lauric Acid C12:0 2.60 2.60 2,60 2.60
Tridecanoic Acid C13:0 1.77 1.77 1977 177
Myristic Acid C14:0 1.61 1.61 1,61 1.61
Myristoleic Acid Cid:1 0.75 0.75 0.75 0.75
Pentadecanoic Acid C15:0 0.23 0.23 0.23 0.23
cis-10-Pentadecenoic Acid C15:1 0.16 0.16 0.16 0.16
Palmitic Acid C16:0 0.17 0.17 0.17 0.17
Palmitoleic Acid Clé:1 0.10 0.10 0.10 0.10
Heptadecanoic Acid C17:0 3.54 3.54 3.54 3.54
cis-10-Heptadecenoic Acid | cirl 0.57 0.57 0.57 0.57
Stearic Acid . C18:0 0.78 0.78 0.78 0.78
Elaidic Acid C18:1n%t 0.85 0.85 0.85 0.85
Oleic Acid C18:1n%¢ 0.21 0.21 0.21 0.21
Linolelaidic Acid C18:2n6t 0.36 0.36 0.36 0.36
Linoleic Acid C18:2néc 1.72 1.72 1.72 1.72
Linolenic Acid C18:3n3 0.52 0.52 0.52 0.52
Y-Linolenic Acid C18:3n6 0.09 0.09 0.09 0.09
Arachidic Acid C20:0 2,67 2.67 2.67 2.67
cis-11-Eicosenoic Acid C20:1 1.15 1.15 1.15 1.15
cis-11,14-Eicosadienoic Acid C20:2 0.06 0.06 . Q.06 0.06
cis-11,14,17-Eicosatrienoic Acid C20:3n3 0.00 0.00 0.00 0.00
cis-8,11,14-Ficosatrienoic Acid C20:3n6 0.00 0.00 0.00 0.00
Arachidonic Acid C20:4n6 0.00 0.00 0.00 0.00




a5 4.17 (do)
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¢is-5,8,11,14,17-Eicosapentaencic Acid C:20:5n3 0.00 0.00 0.00 0.00
Heneicosanoic Acid C21:0 0.00 0.00 0.00 0.00
Behenic Acid C22:0 0.00 0.00 0.00 0.00
Erucic Acid C22:1n9 0.00 0.00 0.00 0.00
cis-13,16-Docosadiencic Acid C22:2 0.00 0.00 0.00 0.00
cis-4,7,10,13,16,19-Docosahexaencic

Acid C22:6n3 0.21 0.21 0.21 0.21
Tricosanoice Acid C23:0 0.00 0.00 0.00 0.00
Lignoceric Acid C24:0 0.03 0.03 0.03 0.03
Nervonic Acid C24:1 0.13 013 0.13 0.13
Saturated fatty acid 93.12 24.82 93.12 93.12
Unsaturated fatty acid 6.88 6.88 6.88 6.88
Monounsaturated fatty acid 3.92 392 3.92 3.92
Polyunsaturated fatty acid 2,96 2.96 296 2.96
Total fatty acid 100.00 31.69 100.00 100.00
C16-C18 8.91 8.91 8.91 8.91
(C10:0-C18:1 19.66 19.66 19.66 19.66
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A -~ al 1 aw &l A
15190 4.18 vilansaluiiuvesawisne Botryococcus braunii KMITL 2 wae¥ufl & anelsing
& 3/ P y e
wnsidslagldgnsamsiiuandienu

Qma’amﬂun'rsl,w'lzl,a:ma'm%'m
wiiansaluty N:P:K N:P:K a5y

Fufiy 32y iy | ededwiy

win ATILAN wén ATUAY
Butyric Acid ca:0 0.32 0.61 0.39 1.90
Caproic Acid C6:0 1.59 1.88 237 1.78
Caprylic Acid C8:0 292 2.05 4.28 587
Capric Acid C10:0 552 6.62 15.57 10.02
Undecanoic Acid C11:0 11.66 6.19 11.45 24.41
Lauric Acid 120 6.42 8.30 7.34 10.89
Tridecanoic Acid C13:0 348 5.69 5.52 8.09
Mynistic Acid C14:0 10.28 an 6.28 71.29
Myristoleic Acid Cl4:1 291 242 7.13 2.86
Pentadecanoic Acid C15:0 2.34 1.34 1.52 239
cis-10-Pentadecencic Acid C15:1 1.05 0.62 0.79 1.24
Palrmitic Acid C16:0 0.70 0.59 0.79 0.38
Palmitoleic Acid Cl6:1 0.49 0.09 0.35 0.36
Heptadecanoic Acid c1ro 16.97 0.36 11.44 71.19
cis-10-Heptadecenoic Adid C17:1 290 16.39 1.33 0.54
Stearic Acid C18:0 2.86 1.94 0.87 1.01
Elaidic Acid C18:In5t 2.58 2.86 1.52 1.07
Oleic Acid C18:1n%c 139 525 133 0.91
Linolelaidic Acid C18:2n6t 0.79 5.01 112 1.07
Linoleic Acid C18:2n6c 1.89 8.69 4,62 0.45
Linolenic Acid C18:3n3 2.00 240 0.94 0.70
Y-Linolenic Acid C18:3né 0.55 034 0.59 207
Arachidic Acid €20:0 9.91 9.93 5.22 372
cis-11-Ficosenoic Acid c20:1 6.11 537 1.78 1.99
cis-11,14-Eicosadienoic Acid c20:2 0.52 0.75 0.26 0.20
cis-11,14,17-Ficosatrienoic Acid C20:3n3 0.16 0.00 0.00 0.15
cis-8,11,14-Eicosatrienoic Acid C20:3n6 0.14 0.14 0.70 0.16
Arachidonic Acid C20:4n6 0.00 0.00 0.00 0.00




A15197 4.18 (e

61

cis-5,8,11,14,17-Eicosapentaenoic Acid C:20:5n3 0.08 0.00 0.00 0.00
Heneicosanoic Acid C21:0 0.31 0.30 1.34 0.30
Behenic Acid C22:0 0.00 0.00 0.17 0.08
Erucic Acid C22:1n9 0.00 0.38 1.27 0.28
cis-13,16-Docosadienoic Acid c22:2 0.00 0.00 0.00 0.00
¢is-4,7,10,13,16,19-Docosahexaencic

Acid C22:6n3 0.11 0.20 0.36 0.07
Tricosanoice Acid C23:0 0.06 0.00 0.48 0.00
Lignoceric Acid C24:0 0.43 0.05 0.28 0.10
Nervonic Acid C24:1 0.56 0.16 0.61 0.07
Saturated fatty acid 75.78 48.95 75.32 85.41
Unsaturated fatty acid 24,22 51.05 24.68 14.59
Monounsaturated fatty acid 17.98 33,52 16.11 9.73
Polyunsaturated fatty acid 6.23 17.53 8.57 4.86
Total fatty acid 100.00 100.00 100.00 100.00
C16-C18 33.13 43,91 24.90 16.15
C10:0-C18:1 74.24 75.45 78.97 80.95
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A‘ L3
grsemslunmsimsiiesauss

admnsaluty N:P:K N:P:K qﬁﬂ E‘.IJL%'EI
FIUNY N FUAY IUNY
wan | erwnfn | wln | anudy

Butyric Acid C4:0 0.32 0.00 123 0.30
Caproic Acid C6:0 1.09 272 1.82 1.22
Caprylic Acid C8:0 1.71 9.00 1.79 2.47
Capric Acid C10:0 3.85 1294 3.89 4.02
Undecanoic Acid C11:0 5.98 14.46 9.26 6.34
Lauric Acid C12:0 7.87 10.40 4.69 4.15
Tridecanoic Acid C13:0 2.64 12.04 4.25 514
Myristic Acid C14:0 4.67 3.25 478 5.87
Myristoleic Acid Cid:1 45% 447 2.83 6.52
Pentadecanoic Acid C15:0 315 1.53 1.15 4.59
cis-10-Pentadecenoic Acid C15:1 1.26 0.89 0.88 1.10
Palmitic Acid Cl6:0 0.78 0.28 0.15 072
Palmitoleic Acid C16:1 0.59 0.32 0.38 037
Heptadecanoic Add CiT:0 0.48 9.77 18.41 16.34
cis-10-Heptadecenoic Acid cir1 18.71 1.08 2,08 3.25
Stearic Acid C18:0 3.01 0.94 3.07 3.75
Elaidic Acid C18:indt 230 0.71 5.02 253
Oleic Acid C18:1n%¢ 1.31 0.71 1.66 1.15
Linolelaidic Acid C18:2n6t 1.48 1.22 361 2.00
Linoleic Acid C18:2n6c 8.97 2.85 2.83 7.25
Linolenic Acid C18:3n3 217 0.82 217 271
Y-Linolenic Acid C18:3n6 0.58 0.40 6.41 0.47
Arachidic Acid C20:0 10.49 4.67 10.58 10.26
cis-11-Eicosenoic Acid C20:1 6.42 0.82 5.16 5.60
cis-11,14-Elcosadienoic Acid €20:2 0.64 2.04 0.56 0.60
cis-11,14,17-Eicosatrienoic Acid C20:3n3 0.00 0.18 0.09 0.04
¢is-8,11,14-Eicosatriencic Acid C20:3n6 0.12 0.30 0.00 0.00




AR 4.19 (i)
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Arachidonic Acid C20:4n6 0.00 0.00 0.00 0.00
cis-5,8,11,14,17-Eicosapentaenoic Acid C:20:5n3 0.00 0.00 0.00 0.04
Heneicosanoic Acid c21:.0 0.33 0.54 0.68 0.23
Behenic Acid C22:0 0.00 0.00 0.00 0.05
Erucic Acid C22:1n9 0.75 0.27 0.14 0.00
cis-13,16-Docosadienoic Acid C22:2 0.00 0.00 0.00 0.00
cis-4,7,10,13,16,19-Docosahexaenoic

Acid C22:6n3 0.17 0.12 0.00 0.13
Tricosanoice Acid C23:0 0.00 0.07 0.04 0.14
Lignoceric Acid C24:0 3.58 0.10 0.24 0.57
Nervonic Acid C24:1 0.00 0.07 0.14 0.12
Saturated fatty acid 49.95 82.74 66.02 66.13
Unsaturated fatty acid 50.05 17.26 33.98 33.87
Monounsaturated fatty acid 35.93 9.34 18.31 20.63
Polyunsaturated fatty acid 14.12 793 15.67 13.24
Total fatty acid 100.00 100.00 100.00 100.00
C16-Ci8 40,37 19.11 45.79 40.53
C10:0-C18:1 71.63 77.88 68.96 75.06
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A = .t 1 - ot | b
A5 4.20 wtiansaludusasdving Botryococcus braunii KMITL 2 9897 12 neld s
4 el 1w
wzdualagldgasemisiunansnaiu

& :
qmawm'ﬂums LHwLaaanese

wfinnsslasiu N:P:K N:P:K et g5y
Jufiv | vwdu | Saadu | Fauiy
win | mwdu | wilin | Aoy

Butyric Acid C4:0 0.32 0.62 0.35 1.56
Caproic Acid Ce:0 0.59 239 1.08 0.72
Caprylic Acid 8.0 2.85 311 5.36 2,52
Capric Acid C10:0 3.99 15.48 15.82 1171
Undecanoic Acid C11:0 5.93 11.66 12.64 17.79
Lauric Acid C12:0 6.90 10.21 9.04 8.93
Tridecanoic Acid C13:0 3.73 10.17 5.20 7.88
Myristic Acid C14:0 3.65 3.75 10.03 5.75
Myristoleic Acid Cl4:1 6.44 293 3.44 2.89
Pentadecanoic Acid C15:0 217 248 1.37 2.29
cis-10-Pentadecencic Acid C15:1 0.83 0.82 1.10 0.83
Palmitic Acid Cl16:0 0.64 0.92 0.92 0.87
Palmitoleic Acid Ci6:1 0.28 0.46 0.41 0.61
Heptadecanoic Acid Ci7:0 15.57 9.88 9.05 10.17
cis-10-Heptadecenoic Acid cir1 4.05 1.40 0.74 1.76
Stearic Acid C18:0 3.19 1.79 1.24 1.96
Elaidic Acid C18:1n%t 3.89 2.86 1.58 2.61
Oleic Acid C18:1n%c 1.23 1.39 1.39 1.06
Linolelaidic Acid Cl8:2n6t | 283 0.85 1.81 1.86
tinoleic Acid C18:2n6c 7.70 3.92 1.47 0.87
Linolenic Acid C18:3n3 2.45 1.49 1.58 1.15
Y-Linolenic Acid C18:3n6 0.44 0.37 3.74 3.43
Arachidic Acid C20:0 1177 6.03 5.06 6.58
cis-11-Ficosenoic Acid C20:1 6.38 4.09 2.52 3.30
cis-11,14-Eicosadienoic Acid C20:2 0.57 0.30 0.42 0.27
cis~11,14,17-Eicosatrienoic Acid C20:3n3 0.07 0.06 0.14 0.03
cis-8,11,14-Eicosatrienoic Acid €20:3n6 0.12 0.00 0.07 0.08




#1519 4.20 (ia)
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Arachidonic Acid C20:4n6 6.00 0.00 0.00v 0.00
cis-5,8,11,14,17-Eicosapentaenoic Acid C:20:5n3 0.00 0.06 0.00 0.00
Heneicosanoic Acid C21:0 0.20 0.00 0.25 0.19
Behenic Acid C22:0 0.00 0.00 0.03 0.00
Erucic Acid C22:1n9 0.22 0.00 0.50 0.00
cis-13,16-Docosadiencic Acid C22:2 0.00 0.00 0.00 0.00
cis-4,7,10,13,16,19-Docosahexaenoic

Acid C22:6n3 0.12 0.14 0.63 0.14
Tricosanoice Acid C23:.0 0.05 0.07 0.26 0.00
Lignoceric Acid C24:0 0.70 0.16 0.24 0.08
Nervonic Acid C24:1 0.14 0.16 0.52 0.10
Saturated fatty acid 62.25 78.69 77.93 79.00
Unsaturated fatty acid 37.75 21.31 22,07 21.00
Monounsaturated fatty acid 23.45 14.12 12.20 13.16
Polyunsaturated fatty acid 14.29 7.19 9.86 7.86
Total fatty acid 100.00 100.00 100.00 100.00
C16-C18 4226 25.32 23.93 26.34
C10:0-C18:1 73.00 80.56 77.25 79.83
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qmmmﬂumimma ENEIVTY

silensaludy N:Pe 1 NP .Eﬁf’ .Qﬁi}
37UNY IUAY UAY FIUnY
wén | anwdy | wdn | Aaudu

Butyric Acid C4:0 0.47 0.71 0.32 1.88
Caproic Acid 6.0 1.49 2.46 1.33 8.45
Caprylic Acid C8:0 3.11 3.49 2.24 12.06
Capric Acid C10:0 11.67 5.52 4.51 15.26
Undecanoic Acid C11:0 9.96 13.86 6.19 11.01
Lauric Acid C12:0 6,97 9.34 752 6.69
Tridecanoic Acid C13:0 4.58 3.09 2.80 9.15
Myristic Acid C14:0 8.44 249 2.16 481
Myristoleic Acid Cidi 2.40 4.00 6.90 1.37
Pentadecanoic Acid C15:0 220 4,62 3.90 1.49
cis-10-Pentadecencic Acid C15:1 0.65 0.82 0.82 0.29
Palmitic Acid C16:0 0.88 0.72 0.56 0.40
Palmitoleic Acid Ci6:1 0.20 0.49 G.41 0.23
Heptadecanoic Acid Cir.0 9.60 11.44 12.86 10.06
cis~10-Heptadecenoic Acid C17:1 228 207 3.45 1.04
Stearic Acid £18:0 3.18 3.13 3.15 2.68
Elaidic Acid C18:1n%t 3.58 3.95 5.95 1.05
Oleic Acid C18:1n9c 1.02 1.34 0.53 0.67
Linolelaidic Acid C18:2n6t 3.59 4.02 5.13 0.74
Linoteic Acid C18:2n6c 4,99 5.24 8.12 2,10
Linolenic Acid C18:3n3 1.76 1.86 1.92 0.00
Y-Linolenic Acid C18:3n6 0.42 0.35 0.61 0.38
Arachidic Acid C20:0 8.67 7.1 10.52 3.39
cis-11-Eicosenoic Acid Cz0:1 4.85 5.30 597 0.28
cis-11,14-Eicosadienoic Acid C20:2 0.62 0.54 0.37 0.28
cis-11,14,17-Ficosatrienoic Acid C20:3n3 0.12 0.15 0.17 0.25
cis-8,11,14-Eicosatrienoic Acid C20:3n6 0.00 0.00 0.08 0.00
Arachidonic Acid C20:4n6 0.10 0.00 0.00 0.11
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cis-5,8,11,14,17-Eicosapentaenoic Acid C:20:5n3 0.00 0.02 0.00 0.60
Heneicosanoic Acid C21:0 0.21 0.25 0.35 0.00
Behenic Acid C22:0 0.12 0.07 0.05 0.15
Erucic Acid C22:1n9 0.27 0.32 0.26 0.00
cis-13,16-Docosadienoic Acid C22:2 0.25 0.00 0.00 0.12
¢is-4,7,10,13,16,19-Docosahexaenoic

Acid C22:6n3 0.32 0.23 0.18 1.70
Tricosancice Acid C23:0 0.03 0.05 0.19 0.95
Lignoceric Acid C24:0 0.82 0.28 0.35 0.21
Nervonic Acid C24:1 0.18 0.06 0.13 0.11
Saturated fatty acid 72.40 69.25 58.99 88.68
Unsaturated fatty acid 27.60 30.75 41.01 11.32
Monounsaturated fatty acid 15.42 18.35 24.42 5.05
Polyunsaturated fatty acid 1218 12.40 16.58 6.28
Total fatty acid 100.00 100.60 100.00 100.00
C16-C18 31.51 34.61 42.70 19.36
C10:0-Ci8:1 76.19 76.15 74.98 69.05
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wfmaselasiy N:P:K N:P:K g3y g3y

Jaufu | Twdy | vdu | 9wy

wén | eowdu | wdn | anudu
Butyric Acid C4:0 0.29 0.32 0.25 2.65
Caproic Acid C6:0 1.76 1.14 0.74 11.99
Caprylic Acid C8:0 2.40 2.10 3.00 20.80
Capric Acid C10:0 527 3.26 4.44 9.37
Undecanoic Acid C11:0 11.92 5.29 7.13 9.10
Lauric Acid C12:0 5.85 7.09 3.95 6.14
Tridecanoic Acid C13:.0 3.64 5.65 5.21 3.81
Myristic Acid C14:.0 7.82 250 5.05 1.37
Myristoleic Acid Cid:1 2.98 2.00 7.49 1.00
Pentadecanoic Acid C15:0 1.41 1.34 2,26 0.29
cis-10-Pentadecenoic Acid Ci15:1 0.77 0.66 0.86 0.34
Palmitic Acid C16:0 0.71 0.34 0.39 10.61
Palmitoleic Acid Clé:1 0.32 0.42 0.27 155
Heptadecanoic Acid Ci7:0 10.52 15.81 13.06 148
cis-10-Heptadecenoic Acid cir1 2,77 2.28 3.70 1.27
Stearic Acid C18:0 4.07 4.16 3.71 1.50
Elaidic Acid Ci18:1n%t 395 5.94 5.15 0.72
Oleic Acid C18:1n%9c 1.01 1.92 1.01 3.27
Linolelaidic Acid C18:2n6t 4.27 557 3.38 0.35
Linoleic Acid C18:2n6¢ 6.06 6.69 7.46 5.27
Linolenic Acid C18:3n3 203 253 2.19 1.09
Y-Linolenic Acid C18:3n6 0.39 0.54 0.57 0.53
Arachidic Acid C20:0 10.18 11.74 10.16 3.28
cis-11-Eicosencic Acid C20:1 5.63 6.75 4383 0.24
cis-11,14-Ficosadienoic Acid C20:2 0.54 0.77 0.84 0.00
cis-11,14,17-Eicosatrienoic Acid C20:3n3 0.00 0.20 0.14 0.00
cis-8,11,14-Eicosatriencic Acid C20:3n6 0.00 0.52 0.12 0.26
Arachidonic Acid C20:4n6 0.00 0.00 0.09 0.60




M7 4.22 (Ra)

69

cis-5,8,11,14,17-Eicosapentaenoic Acid C:20:5n3 0.00 0.00 0.23 0.13
Heneicosanoic Acid C21:0 0.16 0.84 0.39 0.64
Behenic Acid C22:0 0.00 0.09 0.05 0.00
Erucic Acid C22:1n9 0.24 0.52 0.12 0.00
cis-13,16-Docosadiencic Acid C22:2 0.00 0.00 0.09 0.00
cis-4,7,10,13,16,19-Docosahexaenoic

Acid C22:6n3 0.26 0.18 0.18 0.19
Tricosanoice Acid C23:0 0.00 0.00 0.13 0.00
Lignoceric Acid C24:0 2.09 0.58 1.10 0.15
Nervonic Acid C24:1 0.69 0.29 0.27 0.00
Saturated fatty acid 68.08 62.24 61.03 83.19
Unsaturated fatty acid 31,92 37,76 38.97 16.81
Monounsaturated fatty acid 18.37 20.77 23.69 8.39
Polyunsaturated fatty acid 1355 16.99 15.28 8.42
Total fatty acid 100.00 100.00 100.00 100.00
C16-C18 36.11 16.19 40.89 27.65
C10:0-C18:1 73.34 70.90 74.52 57.46
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o ) 1 at + 1 v 1 ar ] a 1 = Y .
a919fl 4.23 wavesijpweil NPK saudunandy Jeiadl NPK Sauffumdn eiSesaiuarandy wey gdesuiuman semsinsgdiulnued S, dimorphus

Fufi 0 2 4 3 8 10 12 14 16 18 20
UreasSalinity | 0.0620.00%* | 0.142001% | 0.19:000° | 0.20:0.01°® | 0.212001°% | 0.25:0.00% | 031x001°% | 0.3320.01%¢ | 03520.05"¢ | 0.48+0.02° | 0.29+0.01%
Ureadron 0.06+0.00*% | 0.05+0.01% | 0.07£0.00%% | 0.08+0.00*% | 009+0.01°% | 0.10£0.01% | 0.12:0.01%C 0.18+0.05° | 0.26+0.02°F | 0.33£0.00° | 0.23:0.00%
NPK:Salinity | 0.06:0.00% | 0.13:0.015%% | 0.14:0.01% | 0.1620.01® | 023x0.01° | 0.25:0.00C | 032:0.01 | 0342000 | 0.38:0.03F | 0.47x0.07° | 0.3620.02°
NPK:iron 0.0620.00%* | 0.0820.05* | 0.10+0.01% | 0,11:0.00%® | 0.13:0.015% | 0.15+0.00%%C | 0.1740.01°F | 0.19:+0,06°F | 0.23:0.01° | 0.3240.01° | 0.22:0,03**

- = -~ 3
dydnend nmuanquiisibmiuanirmunnehenumun P<0.05 AydnuaimuBinguRuiAnuanIRT LRSS MILNEY P<0.05

4 + 1 at + b at = 1 ot ) a 1 = .
asnaft 4.24 wawpalaell NPK Saufuaandy eiedl NPK sSaufumdn. gilesauiuarundy wey aeswmdumdn deraslsitadues S. dimorphus

1] 2 4 (1 :} 10 12 14 16 18 20
UreaSatinity | 0.06:0.00* | 0.11:0.02#* | 0.24£0.03*® | 039£0.00%® | 0.40£003%* | 0.71:0.11% | 0.7820.06™ | 0.8620.06® | 1.02+0.04° 2.450.13%F 1914012
Ureazlron 0.060.00* | 0.12x0.00%% | 0,10:0.01%% | 0.19:0.01%8P | 0.27£0.03°%F | 0.37£0.14°F | 0.40+0.00% | 0.73:0.01% 1.05+0.02% 1.68+0.03% 1.23x0,02*
NPK:Salinity | 0.06:0.00% | 0.1240.01* | 0.13£005® | 0.25:0.02°%® | 030£0.04*® | 0.67+0.09°C | 0.70+0,08"° | 1.05:0.07% 1.102£0.00° 2.02+0,06% 1.52+0.06
NPK:lron 0.06:0.00* | 0.19:0.015% | 0.25:0.08% | 0.29:0.08™P | 0380.03*C | 0.4720.10%° | 0.620.04°° | 0.99:0.03°F | 1.09+0.02 1332004 1,01:40.03°6

Fydnwadmundnpuiailuanimuusndaasieeags P<0.05 dydhutinmndinquiiirudnrmuuandnnnunaue P<0.05
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Bied! NPK Saufuandia Jeiell NPK Saifumdn gifesmiuenundy way gidesauiuvan deuslsiiuesdves S. dimorphus

LI} 2 4 1] B 10 12 14 16 18 2
Urea:Salinity 0.060.01* 0.06:20.00* 0.1920.01% 0.430,03" 0.510.02 0.83:+0,08™ 0.85+0.10% 0.88:0.05° 0.89+0.07% 1.20+0.10% 0.83+0.07°%
Ureaclron 0.06:0.01* 0.1320.01°* 0.15:0.01° 0.23£0.02*° 0.2820.01° 0.29+0.05% 0.40£0.01% 0.55+0.02"" 0.7820.04 1.25+0.02°° 0.65£0.05™
NPK:Salinity 0.06+0.01* 0.09£0.01°% 0.19:0.03a" 0.23:0.07 0.5420.03" 0.70+0.05™ 0,72+0.08"* 0.890.05% 0.90£0.08" 1.35+0.08 0.99+0.07%°
NPK:Iron 0.06:0.01* 0.1420.04™8 0.1740,024% 0232007 0.270.04%% 0.31:0.04°% 0,390,037 0.45£0,02* 0.64+0.02% 1.16x0.01™ 0.6640.06™
ﬁ’suﬁ'nﬂnimmﬁ'anq-u?mw"lqunammnuumnwhqmnumumﬁ"a P<0.05 dydnvinmndingeiiiinuaarmmimnaneaniiiey P<0.05
asnaft 4.26 navosileail NPK saafunsudy dewed NPK saufumdn gdesauiuamudy uas glusuduman delusiues S, dimomphus
0 2 4 & -1 10 12 14 15 18 20
Urea:Salinity 65854367 | 56.60510.75% | 96.6543.34% | 103.18+10.45%° | 104.85:3.94% | 126.05:3365C | 152394427 | 195424184 | 23275£3.52 | 226.22410.55%F | 219.86+3.34°F
Ureadron 6585367 | 62802049 | 718848617 | 07.0942.06% | 10217£203° | 10552+2.18% | 109.37:2.18%F [ 1304722.36% | 208.98:2850 | 22521327 | 243.46+10.73%
NPK:Satinity 65,8536 | 55974327 | 81.25:4.20%% | £9.1245.020 | 08324713 | 1107142779 | 129.4626.23%F | 183.36:9.88% | 210.32:8.60% | 2411264933 | 2230411237
NPK:Iron 6585367 | 68195195 | 7288199 | £5.60:4.27 | 98.16£10.66 | 101.006.56%C | 106.19:4.18° | 117.0747.25% | 184.37£8.99°° | 234925547 | 193.5629.11°°

Fymeni T SInge MR NARIAY IRANATINLIILLAT P<0.05 Ayfnunin Ty B anquRavlANLAAI LLANFRIIALINUBY P<0.05
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asnafl 4.27 savesilaiall NPK Saufuaandy Jeiedl NPK Saufumdn gidesauiunuia was gidgsmuiuman selusiivwes S. dimorphus

76

2 g ; 8 10 12 14 16 18 20
UreasSalinity | 1110.07:80.40% | 054126939 | 509.05:15.88%° | 52163:60.62%° | 500272851 51286£1595™ | 49758:17.16%F | 590.00:16.28% | 703874120267 | a7522:1000™° | 771.23:3081%°
Ureadion | 1110.07480.60%° | 1243.63+199.45% | 104896218576" | 1171332121602 | 11173312060 | 1126.662199.17° | 1002782206.06 | 820.16+15091™ | 81B68257.79™" 683.17:2082" | 1061.8627175%°
NPK:Salinity | 111007:80.40° | 438.43:50,83%° | 587.50:34.42° | 576.60479.37" 414.13£22.92% 436.8945.12¢ 400.31214.67 533.53:20.95 | 567.59:66.27"° | 566.13:138.09°% | 6290722664
NPKdron | 11100718040 | 1721.92:89277% |  717.13272.75% 755.57434.54% 77204240.03% §63.92267.32° 605.30162.29" | BB5.43:301.09*% | 820.2dx64.23% | 7Ta053s3899% | 92845:102.78"
é’mé’nwnimmé’anq'dfmvﬂmg'uamn'nuummhwqnumumv'ty'a P<0.05 HydnuaimuitnquiamiBnudnsmyuuandenieueu P<0.05
o 4 " e T 1 = ’ < o .
A13197 4.28 wavsstiiedl NPK SaufuAaiay Yoiadl NPK Safuiman gﬁ'aﬁuﬁumﬂmﬂn way gl.%'as"mﬁ'uman noAslulalasvnuas S. dimorphus
0 2 4 -] a 10 12 14 16 18 20
UreaSalinity | 5.67:0.77% | 9.8140.56% | 16.96£0.85"® | 28.41x1.39" | 39.88x2.98% | 49.66:4.55" 55.5552,7555F | 56,27£0.65°F | 60.29+1.92% | 71.606.90°C | 34.56£0.55°°
Ureadron | 5676077 | 14.43:0.27%8 | 16.24:0.20°% | 16.90£0.3¢°% | 19.92+1.83°D | 23.3320.37°% | 28.5020.95F | 37.52:280°° | 40.57+155% | 57,3922.59°" 27.324170°F
NPK:Salimity | 5.67+0.77% | 11.05£1.06% | 19.80+2.04% | 28.22+1.85°C 36714176 | 527440445 | 5343:079°% | 63.09x5.33%F | 64.21+3,19% | 80.33x1.12% | 41.39+2.107
NPK:lron 567077 | 122341375 | 1350:0.19% | 14.37:0.90® | 1649207 | 19.85£3.08%C | 30.473.14%C | 32.58+1.13°F | 38.94:090% | 55332561 | 24.84+2.58°

FndnendmundanguRnilnguamATIARRITINLIIMART P<0.05 SydnurimmdinguiisiiSnumeamnnaIniuuoy P<0.05
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d + o L] o +| 1 Bs =l 1 ar = ) s - 1
aTafl 4.29 namasiloiadl NPK squiurudy (il NPK sauffumdn gdodwiuanudy ues yi3psmiuman semslulawsnees S, dimorphus

0 2 4 6 8 10 12 14 16 18 20
Urea:Satini { 98.89+23.01 144.33+15.91% | 189.92+15.91% | 201.16%17.1 181.87+13.9 | 172.58+4.39? | 183.07+36.4 | 15007108 | 120.64+7.62
70.50£3.56% | 89.7127.21%
ty a8 e beo 2200 726D o 2%® 75D a8
. 98.89+23.01 | 286304478 { 234.79+17.13° | 203.76+11.61° 219.90+35.14° | 249.05+30.8 | 257.22+40.8 | 230.48+30.5 | 129.59+21.8 | 174.09+9.31° | 118.57t4.47
Ureatlron ak goE OE BCOE coE bepE {60E oDE 0M8C ABCD ah8
- 98.89+23.01 | 86.70+£13.11 142.17+9.33% | 179.28+11.29% | 158.50£10.27° | 208.03+£7.23 ] 165.56+5.96 | 183.66+14.1 171.70+12.8 | 188531453 | 118.48+15.5
NPK:Salinit at aA BC CBCD bBCD b0 a8C0 gD s £ ks
¥
98.89+23.01 | 334.62+203, 132.24+9,66% " 13331+2561% | 131.45225.6 | 182.54+11.1 | 242.20£79.8 | 172.74x7.66° | 175.02%18.4 117.07+7.08
NPK:Iron an 8 127.1849.79
02° 8 AB zaAB GabAB zaAB AB laAB EY)

) , - o ) a a
Hoy ARSI RN ILAAAINLA LA PLO.0S FyfmsalnmeSnmuiiAnusaeATIERAIR9RNEY P<0.05

ol < Y @ 1 i P ar 3 [Y)
amai 4.30 msiasqiulanasuinaluiusesamsny S, dimorphus Tuomnsgnsmsdn (46-0-0) Mszfuarandud 5 sy

nandndiy (g/0)

USnasinviu (%)

Urea:Salinity | Ureadron | NPK:Salinity |  NPK:lron Urea:Salinity Urea:lron NPK:Salinity NPK:Iron
0.0020.00% | 0.00£0.00® | 0.00+0.00* | 0.0040.00™ | 22.41+0.33* | 22.4130.33* | 22.41:0.33* | 22.41+0.33*
0.05+0.00® | 0.02£0.00%8 | 0.0320.00° | 0.03+0.00%® | 28.87+1.68%8 | 28.57+1.12% | 23.58+1.71* | 26.89+0.58°"
8 | 0.07+0.00C | 0.03:0.00%% | 0.070.00% | 0.04:£0.00°® | 31.20+0.98%%% | 31.91:+0.55° | 30.90+0.40°"° | 29.32+0.31*
12 | 0.10+0.01%° | 0.04+0.00 | 0.12+0.00 | 0.05+0.00% | 32.89:1.10% | 32.14+0.71°C | 35.73x0.72° | 30.00+0.37%C
16 | 0.1120.01°P | 0.09+0.01%° | 0.13£0.01C | 0.07+0.00%° | 31.8321.61%% | 33.7041.95° | 35.09+1.60° | 33.05+1.47%
20 | 0.070.00% | 0.0820.00° | 0.1320.01% | 0.07+0.01%° | 25.21:0.51* | 33.20x1.23° | 35.46+1.24™ | 34.69+1.18"

o a -~ il ) T ar .~ -
FyAnvalnSingeiailuguanim e RTINKOIULRT P<0.05 dydntadnmdinguiaridnuanmrutamihnuuiuey P<0.05



P ] - < ar ] . 1Y P o ar
aTI97 4.30 (A0) nsisiaiuinnasuSunaluiuresamine S, dimorphus Tueisgmsn1sia (46-0-0) svRuauiuty 5 sedy

faentskd@atudy (mg/l/d)

snsmsid3giuindime (1/day)

Urea:Salinity Ureatron NPK:Salinity NPK:Iron Urea:Salinity | Urea:lron | NPK:Salinity | NPK:ron
0.00:0.00* | 0.00£0.00* | 0.00+£0.00® | 0.00£0.00* | 0.00+0.00* |0.00+0.00* | 0.000.00** | 0.00+0.00*
80.1149.58% | 19.78+5.69%® | 64.15+11.71°%C | 86.58:24.25° | 0.29:+0.02°° | 0.0720.02*® | 0.27x0.05° | 0.32:0.09™
8 | 55.24+7.30°C | 259146527 | 52.61+1.81°%€ | 44.48£9.212%® | 0.1820.02% | 0,08+0.02® | 0.17+0.00% | 0.1520.03%
12 | 45.0623.495C | 24.27+3.23% | 50.36+2.26%C | 35.19+5.65% | 0.1420.01%® | 0.08+0.01°° | 0.14+0.00 | 0.12+0.02"°
16 | 37.11+1.68% | 33.60+4.19% | 42.75+3.25% | 38.53+6.31°® | 0.12+0.00® | 0.10+0.01°® | 0.12+0.01° | 0.12+0.02**
20 | 29.0820.71%® | 33.77+1.35%% | 42.4621.21® | 38.84+4.68%"® | 0.120.00° | 0.10£0.01% | 0.12£0,01%° | 0.11+0.02*

= P z 5 .
Fndnenlnmendnquianilgfusmnrmuanieineune P<0.05 SydnuninydngeRaiSnuanmanuuandeTInkTEDy P<0.05
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4.3.3 gi3uiunuvieawaade B, braunii

asiedeiln Adaavesdmdan 8. brouni Mdsduamnduduresegasnisd
(urea 46-0-0) 150 % : Waawasa 0.56 ¢/L wuinhwnudesdmseiiuualfufitanntuilenan
mswzdsuiintu Jaiirgeansiaiy 0.76 + 001 nfudedas o Tudt 18 vesmsmaaadlneiiany
wnnsinetailidvddgvneaiftunniuveinsmaaes ("W 4.45 s et 4.32)

10 ¢
08
< ©®
2 o6 @@
@
S o4 e ¢
™ .k ¢
(Y L, S S W S S —
0 2 4 6 8 101214 16 18 20
1381 ()

AW 4.45 Fana (2/) vasamste B, braunii WemsgasnISA (urea 46-0-0) 150 % :
Woawodd 0.56 /L

sendng Uinuaaslsfiad o vesarwing B. braunii Advslupmududuvasiogas
A58 (urea 46-0-0) 150 % : WoaWaid 0.56 ¢/L wuifiAeaslsfiad 1o gasame it
nnfudionanisimadeniuiu Sairngeaaniniu 1.64:0.01 fadniuredns tuiuil 18 vesms
vinas Tnefianuusnsnsedraiifudduasetituynutesnisvinass (il 4.46, 13197t 4.32)

2.0

1.6 § 'S
12 § & ©
02 §

04 3

ARBLINAA (mg/l)

00 e e
0 2 4 6 8 1012 14 16 18 20
1981 ()
a1l 4.46 Aoalsiad-e (me/l) vasawire B. brounii WemsgRINTIAT (urea 46-0-0) 150 % :
veawaa 0.56 ¢/L
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a - e ] 4 v 4 [y
YSunaualsiiuess vesamsie 8. braunil Mdsslurnmintuvessgainism (urea
46-0-0) 150 % : Wearesa 0.56 ¢/L HuwrlthnAuuindu fd1WSunualsiuaed gagawifu
a a w1 o o = ' - as A
0.58+0.00 fiadnfusiadas Tuiud 20 vawntivaaes Inellanuuandwedadifoddgniadidugn
1Y) < =
FureIMIaaed (NMwA 4.47, mMinn 4.32)

— 12 ¢
_—
g’z.o
\ED.S
g o6
. &
- eee’e
ig 0.4 969
"7'50.2 6 ©
JO,O"'“""ﬁ
0 2 4 6 8 10,42 14 16 18 20
I8 (AU)

AW 4.47 uelsfiuesd (me/l) vedamsne B, braunii e msgasnsAn (urea 46-0-0) 150 % :
oavasad 0.56 g/L
Usnadusiurasameuaiin 8. brauni Masslunnuiduduresiognsnisdi
{urea 46-0-0) 150 % : aawasa 0.56 o/L fuunthuiiusnniudlenanswnsdoaiindy fvsina
Tusfuinnflanwitiu 454.7741.33 fiadniudedns Tufudl 18 v8en1Mnane Faliaruuandieiy
eadAtunniuvenIvmaass uaz 889. 19+18 08 uaanmmaniu Tufudl 10 vesnisvaass fan
unnanfuvneaiiffunniuvenivaaes (AN 4.48-0.49, A7 4.32)

600 ¢

15,
=]
=

ee‘eee@

iy
[
o

4
©

Tusiu (mg/L)

s @

=
[=]
(=]

0 2 4 6 8 1012 14 16 18 20

o

18 (W)

AW 4.48 Tusiu (me/D) vaeamsna B. braunil Tuesgmsn1sfn (urea 46-0-0) 150 % :
Wodaneda 0.56 ¢/L
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0 2 4 6 8 1032 1416 18 20

12481 (7U)

A 4.49 Wikl (me/e) wasaming B. braunii Tue1ignan1sdn (urea 46-0-0) 150 % :

voanadd 0.56 e/

Uhinamnslulawsauesawiie 8. braunii assluemuiduduressgnsnsin (urea
46-0-0) 150 % : vieawasa 0.56 /L amseflmnliiunnfudanamamnedoaiudu g
Argeanwinfu 73.18£0.44 fadnusadng Tuiuil 20 vewnmaaas Tnafinuuandwededl
uuﬁwmmqaamnuwmu'uaqm's"nﬂaam wag 111.76+1.01 maanﬁnman‘su Tuuil 20 T0ansMAREY
‘dmm’mu,mmamaanmﬂwlmuﬂmmimam (il 4.50-4,51, a5 4.32)

mslulamse (molg)

200
180
160
140
120
100

80

60

20

158

& ¢ o

0 2 4 6 8 10 12 14 16 18 20

1281 (3%)

il 450 ansTulewnsn (ug/ml) vasamdre B, brauni Tuawnsgasnsfi (urea 46-0-0) 150 % :

woarada 0.56 ¢/l
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100
g eo {
£ &
= 60 b
e
= ¢ ® o & o
= 40 h 4
o & &
Ve ©
& 20 b

60 2 4 6 8 1?./1?14161820
&1 (AU

A 4.51 ensTulaiasn (me/e) wasamsng B. braunii e sgmsnsfn (urea 46-0-0) 150 % :
woawedad 0.56 ¢/L

Usinauluity nsavastastuses 8, braunii Adsslurmuduiuvesiagnsmsdn (urea
46-0-0) 150 % : vioamada 0.56 ¢/L wudr Wnaniuiuiiwuluawirefidgegaminiy 33.82:0.20
Weddud Tuiuil 20 vesnrsvnaes Tnghinandemeadituiud 16 vesnswaaes nanBmiviuil
Agegawiiy 0.23:0.01 niudedng Tutufl 16 yawnsvmansaglilanduEBATUTA 20 ves
nsvARes MdinanAntugegawiniy 41.49+1.47 fadndusdednsratu Tuiul 4 vesmavmaes
Tnawuiunnanedaiiiodifyvnadftugniussimanaaes (a1s1eil 4.31)

USinunsataity Mnmsnasendssamde 8. brauni Tuarududuveogminisdi
(urea 46-0-0) 150 % : vaanadd 0.56 oL lnpildsuiivuatasdlsznauledusioma wuAinsa
loshuAaduadfiiud Tnsrwssnsalutuiiwuarniigaluudasaiududuly wuiinsalutudui
Uafifin (C16:0) mnfigatunnfuresnisvaasawiiiy 24.48 - 40.36 % wamwedidudsiudionnn
geansaladiu C 16-18 winfu 46.63 - 80.32 % was C 10 84 C 18 : 2 lif ity 59.68 - 95.03 %

PaansAluTiunmRAluLsas U8 TR Y

a3l 4.31 massyiulakesyTinanfuasamsig 8. braunii Tuawnsgasnisén (urea 46-0-
0) 150 % : Wodwada 0.56 /L

fanaagiule Funa Vwondihs | waeBeniifu | Adw@esndu
Ju g (1/day) (/1) (%) {g) (mg//day)
0 0.0040.00° 0.15£001% | 20.98:0.55° | 0.03+0,00° 0.00:0.00°
4 0.16+0.00° 0.29:0.01° | 25.85+0.85° | 0.07+0.00° 41.49+1.47°

. | 28.09z1.12

8 0.13+0.01° 0.42:0.04 be 0.12¢001° | 359313.11°
12 0.11+0.00° 0.56£0.01° { 29.07£0.67° | 0.16+0.01% | 30.87+1,54°
16 0.1020.00™ 0.73:0.01° | 32.23:1.34° | 0.23:0.01° 31.86+2.11°
20 0.09+0.00° 0.66:001° | 33.8240.29¢ | 0.22+0.00° 30.52+0.73°

- & m owod ar ] * - ar -
fdnsrRidnluunsufioafuiusndaiufelruendwedniioddynaih P<0.05




83

o ' y) ] " u
anaeil 4.32 pausvnalanunansuasseadnguasawing 8. braunii Tuemsgasnisin (urea 46-0-

0) 150 % : aavasa 0.56 ¢/L

e | faelifad 1o | walsfiuaed » - arilutawmsm | eardlulaen
W Fwna @ Tusitu {mg/) Tusiulme/e)
M e (me/l 4 Y91 e (me/e)
697.11+26.06 .
0.15+0,017 9.05:0.16° | 60.63+2.96
0 035+0.02° | 0.09£0.00° | 104.12:0.48% {°
2 | 022:001° | 05740.01° | 0.242001" | 130.9820.92° | 562.754997° | 10274025 | 4575+1.83°
507.14x18.04
0.29+0.01 ¢ 12.99:0.12° | 4571149
4 0.67:0.01° | 0zer000° | 144032092 |°
. 477.72215.20 5
0.35£0.01 . ‘ 14.21:004°% |  40.77£1.50°
6 0.96:0.00° | 0.3240.009 | 166.62:0.96 2
£15.96+14.09
0.42:0.01 ¢ o 26.76+0319 | 60.60£1.957
8 1.04:0.01° | 0.01£000° | 255.2240.25°
. 889.19+18.09
0.4620.01 . . . 32.28+0.08° | 71.03£1.36¢
10 1.22£0.01 0.42+0.017 | 404.06:0.58 t
12 | 0.56£0.01°% | 127+0,01% 0.45:0.00¢ | 420.38+0,63° 786.48+13.471 | 47.2310.26° | 8837+1.78¢
669.72+17.15
0.64+0.02" 4 " WAz 573520.21% | 90.48:2.109
14 1.42+0,01 0.51:0.00" | 624,390,865 2
16 | 0.73:0.01' | 1.5610.00! | 0.5420.00' | 43519+0.58 60057+7.80% | 65.66:0.38" | 90.61:1.29¢
18 | 076£0.017 | 1.644001% | 0.56£0.00' | 454.77+1.33/ 598.57+6.46™ | 69.78+0.15' | 91.85x1.00°
N 639.99+11.32
0.66+0.01 : i 3 73.18:0.44) | 111.76+101°
20 1.5320.00 0.58+0.00% | 418.87£1.66%

Lom e

finsfuidnhasnAniu iuiuandaiufainrsusnino it Agvieth P<0.05

4.3.4 arsfnvmavasegasniidl (urea 46-0-0) 200 % : Waavadd 0.28 ¢/L vio
msdivlauasUlunnulediuvasaming  Scenedesmus dimorphus
astasyiiule Ardmaanesameng S, dimorphus ﬁLa'Ym'lum'muﬁ'wﬁ’wmﬂagmsmsﬁﬂ
(urea 46-0-0) 200 % : Waawada 0.28 ¢/L wuinbminuwtwedmsneiiunliufunatuilonan
myswsdsaiindu Sedirigegairiaty 1.59 + 0.03 niudedns o fuil 16 vensmaaelnedina
uansnagreiitsddgmnadafuynuresnsnnaes (nwil 4.52, manedl 4.33)

1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

dqun (gn)

<
&

0 2 4 6 8 1012 14 16 18 20

1At ()

A 4.52 3a (/) wesamse S. dimorphus Tuawagnsn1sn (urea 46-0-0) 200 % :

voavleda 0.28 ¢/L
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ATy UiinanaelsWiad @ UTinunaslsitad 1o vesawiie S. dimorphus idedy
rudnduvssognsnisi (urea 46-0-0) 200 % : Waarasa 0.28 ¢/L wuhildmaslsilad 1 vo1
awsefunlnimnntudienamamedeainiu Sdlrgegainiy 1.060.02 fadnudedns
Tufufl 16 vesmsmnass lnsfimuuanaedniifudfageadftunniurainimaass (nwil

4.53, ansadl 4.33)
1.2 2
1.0 @

0.8 S
0.6 &

04
0.2

0.0 - » - - 3 a - n -

an (ma)

ARBLSH
i g
¢
<

0 2 4 6 8 10 12 14 16 18 20
a1 (Tu)

Al 4.53 aaslsfiad-la (my/) wesamins S. dimorphus tuesgnsn1sfin (urea 46-0-0) 200
% : Woavlasad 0.28 g/t

= 1 . Jd & 1 i
USinaualsiiuaed 9898ws1e S. dimorphus Mdedluemnduduresagnsnisin
{urea 46-0-0) 200 % : Woawade 0.28 ¢/L Hwurldufiunintu ddwFmaualsiiuess grmuiniu
o & ak ) _ = woa ol 1 ] =l ar Y = o G
0.510.00 fiadniuriedns luiuil 20 veamvmase Inedainuuandnediiieddynuaidumn
Y of <
Tuveamsvaaed (Nt 4.54, m1579i 4.33)

0.6
%" I &
:S 0.4
(| ¢ ©
% 0.2 3 e °

0.0 = =

0 2 4 6 8 10 )2 14 16 18 20
(787 (3Y)

A 4.54 urlsfiuesd (mg/) vesaming S. dimorphus luswisgasn1snn (urea 46-0-0) 200 %
: oanesa 0.28 o/l

Uinalsiusesavssuuaidn s, dimorphus Mdedummduduvesiognsnsdn
{urea 46-0-0) 200 % : WoaWada 0.28 g/L Sunltndnatuidenamsmnsdsafuiy s
Tusfusnnitgawiniu 184.69£0.51 fadniusdadns lufuil 14 vesnnsuaaes Faflmamuanstaiy
veadiiunniuresnisvaaes way 400.79+48.85 fadinfusianiy Tuuil 0 vesnisvmass faa1y
uansheuvneadRiuSueIIMARes (Nl 4.55-0.56, A13191l 4.33)
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200

160
120 <
80 o @
40

Tdsmu (mam
¢

0 2 4 6 8 1012 14 16 18 20
an ()

A 4.55 Wi (me/D) wesawsne S. dimorphus Tuawnsgasnsin (urea 46-0-0) 200 % :
vioanesa 0.28 o/L

450
400 I
350
300
250
200
150
100

50

0 » » - - = 3 s a »

Tals@u (mo/gl)
<
¢

0 2 4 6 8 10u1214161820
17381 ()

amil 4.56 Wiy (me/g) vasamse S. dimorphus Tuemnsgnsnism (urea 46-0-0) 200 % :
vaawada 0.28 ¢/L

o, o 1 = o 4 [T 7
Ysuamslulawse Sanamslulamsavesamsin S dimorphus Masduaiandudu
» v ' v & o
waellegmsnmsm (urea 46-0-0) 200 % : Weavaa 0.28 /L awielivulimiuanfuiiaiainis
: A‘ d” 1 1 ar o P al 1 - ot d
wsRaindu Jeilirgeanuiniy 52.9020.20 fadnsudedas Tuiuil 16 veanisvaaes Ineflaru
1 1 LY o = o gt o = son 9 ! ar v o
unnevedniifpddyniaitunniureinimaaasii way 88.669.34 adniurendi Tufudl 0
& ] @ o as o o <
PoenIvnael Sdinmamansaneadafunniuvesnvaaes (mwi 4.57-4.58, a5 4.33)

60
50 k ©
<

30 & eee
20 S

10+
0 - » n - » e} » » £l

0 2 4 6 8 10_}214161820
1241 (7u)

amflulaasn (ug/mi)

it 4.57 rdluleinss (ug/mb) vasawmsne S. dimorphus Tuasgmsnsfn (urea 46-0-0) 200
% : inaweda 0.28 ¢/l
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100
R
é n
& 60 A4
g o %
& a0 } ® 0
r‘?‘ 6@4>
“l‘: 20 .
.
0 m n L1 a ' o n - -

0 2 4 6 t%a%?‘ﬂﬁ 14 16 18 20

Al 4.58 ArsTulawasn (me/e) vasawdna S. dimorphus Tuesgnsmsfin (urea 46-0-0) 200
% : oawada 0.28 ¢/L

Uainatlesfu nrsazauluiiuves S, dimorphus MAsddupnduduvesognsnisin
(urea 46-0-0) 200 % : Woaweda 0.28 ¢/L wud1 YSumiwuiinuluamdreiiargaaanify
28.39:0.99 wasidus Wiudl 20 vesn1svnass Taghiuanseseddfuiud 16 veaniimanea
wardmiituiidgedaiafu 0.44:0.01 n¥udefng luiufl 16 vesnisvmassdwunnsiteadadl
WodhAmeadinuyniuvesnismaaes frdanasdnisiugagaiinty 78.67.6.92 adniudednsre
u lutuit 4 veamvaaedagwuiuanswethediloddgmeedifuyniuvasnsvasos (sl
4.34)

USmansaliu nnsvrassiassaming S, dimorphus luanududuvasogns
n13fn (PR TaswSsuidisudiasdusznouluiufomn (nwdl 459) famudnsalefudndy
wesidud Tnepmemnsalufuiinumnilaatuusasarmidudubiu woirdinsalufudud Uidian
(C16:0) uniigalumniuresnnsnnassviniy 24.48 - 4036 % wazlpfifunsaimunuense
luifu C 16-18 Winfiu 46.63 - 80.32 % Wag C 10 s C 18 : 2 fiAwviniu 59.68 ~ 95.03 % Y83NsA
Tuuiausluisariurainmaaas



<l ] o ] .
A157991 4.33 auAmlaruinmsuas A TnguesawIng S, dimorphus TWOWNIEASINTAN

{urea 46-0-0) 200 % : Woawaia 0.28 ¢/L

. Faa | AeslsWad uﬂh:{' d " aslutaln | erslulsinsw
U @ 8 (mg/l uapn | Wsdu (mg/) | Wiiu(ime/e) 1 (mg/D) (mg/2)
{me/)

0 | 0.1120.01* | 0.19£0.00° | 0.2740.00° | 42.22+0.21° | 400.79448.85° | 9.41:0.34° | 88.6619.34°
2 | 037£0.01" | 0.2720.00° | 0.15£0.00° | 76.95:0.59° | 208.91:8.92° | 18.6210.18° | 50.49+1.80™
4 | 0.42+0.01° | 0.3240.01° | 0.18£0.00° | 83314051 | 198.54+3.21° | 27.97£0.07° | 66.67+1.20°
6 | 0.55+0.019 | 0.48+0.00° | 0.23+0.00° | 98.52+1.76° | 179.35+4.33% | 30.5920.11% | 55.70+1.18°
8 | 0.64+0.01° | 0.47£0.00° | 0.17+0.00° | 129.26:0.18° | 202.28+4.70° | 31.71+0.08° | 49.62+1.16™
10 | 0.85+0.02" | 0.47£0.,00° | 0.23+0.00° | 145.33£0.21" | 171.17+3.27°7 | 39.7140.05" | 46.78+0.89™
12 | 0.94+0.01% | 0.5720.01% | 0.30:0.00° | 173.15:0.1¢" | 184.24+1.51 | 42.86+0.12' | 45.610.34°
14 | 1.0420.01" | 0.7320.01° | 0.31£0.00° | 184.69+0.51% | 178.53+2.240 | 4551012 | 43.03+0.63°
16 | 1.59+0.03 | 1.06:0.02" | 0.35:0.00° | 171.970.56 | 108.26£2.08° | 52.90+0.20° | 33.300.63°
18 | 1.28+0.02¢ | 0.820.01° | 0.49+0,01% | 164.62+1.25" | 129.03+1.76™ | 38.54+0.13° | 30.25:0.46
20 | 1.12+0.02 | 0.68£0.03° | 0.5140.00" | 153.96£0.95¢ | 137.56:2.36™* | 36.98x0.05' | 32.960.51°

won -

o w - ~ w -l Y ~ -
fsnesfividntuwoRaRiuiuansiufalinmsanisedaiodwgmieeii £<0.05

e | = = = T 1 )
@1919% 4.34 malaivlawasuSinaninfusesawisie S. dimorphus Tuewiasgnanism

(urea 46-0-0) 200 % : vioawaia 0.28 g/L

dasmsasqudule Fa Vhinoudnaty | menBoigiu | srdswdEmbiu
Fu dawae (1/day) {2/ (%) {g/\) (me//day)
0 0.00+0.00° 0.11+0.01° | 22.37+0.26" | 0.0220.00° 0.00+0.00°
4 0.36:+0.03 0.42+0.01% | 23.18£0.26° |  0.10+0.00" 78.6716.92°
8 0.22+0.02° 0.60+0.01° | 26.48£0.30® |  0.16£0.00° 50,56+4.05°
12 0.1810.01% 0540019 | 25.26+0.89° | 0.24:0.01° 45,38+1.61°
16 0.17+£0.01° 1.59£0.03 | 27.8621.07° | 0.4420.01° 47.08+3.59°
20 0.17:0.01° 1.12:0,02° | 28.39:0.99° | 0.32+0.01° 47.59+0.89°

o

o - - o ] « - w -
FdmssRmaanluwwRnAsfuitandiuAelinraniredelidudAgnieadi P<0.05
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10%

0% .. [ / T, e =
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ECan EC50 B8 WC100 WC1L0 EC120  ®Ci30 BCi&0 ECOIA1 WOSD
BC15a ECie0 ECifl WCl70 BCiT1 BCl80  SCi&inst EC1%1sRe EC0I%:2081 5019
EC1E2n5c 2018306 CCININ3 =C20:0¢  =C201 =Q20:2 Q210 =0208n6 020033 =C200n6
L0220 £2022And 020503 =036 =222 22410 = C24:1 C22:603
ol = ar ] H 17
A 4.59 Usunansalutiy (%) vasamsne S. dimorphus Tuansgnanisi (urea 46-0-
0) 200 % : Weaneda 0.28 ¢/L

4.4, Anwquuandallofiwailiéann 8. brauni KMITL

9 g a A L L3 ] ﬂ: J

dnlhdunaialdarnaminefimazidedlugpyanimeass (an 22 gan1s

4 o ol uoy, o, £ 1 ) 3
vaaeq) wwdsuguilululafiwanasdnunuauld nelinmsddwuinasgiuimunae
Cetane number (CN), Degree of unsaturation (DU), Cold filter plugging point (CFPP),

. . % o
Saponification value (SV) ua# lodine value (V) (15141 4.35-4.40)
s ¥ o duvw ' o a
annstiadudildanammdisnadeumdululafwanasiinisane
wia = 5w oaly o b ; ol )
auanUilulafiwareniniuild wuiAdivny wio cetane number (CN) Faduamduawil
ar g L 1] A ) =
winlumsuenauameashdululafiea Wuinfinadanuslumsgadiauasanniweas
14 1] ot - A -] d 2
mawnluil Tnglulofieadiiidl CN g4 wwiinaeant@lunsgadnfid Ml udvinuld
atniiszAvinwg Tngunsgruszaulanaindswmdaimuainasial ON 13 ddaslaidn
n17 47 waz 51 (ASTM D6751, 2012 wae EN 14214 Fuel Standard (Biodiesel)
. . J o 1 = 4r o= o éLvd
Determination, 2003} Wefinsanannmmuveanialuiu InsRersunanensaluiuilid
L] £ I ; =I o 1 1] Ll

wunnndn 67 Faduswansgruiaairmual] Tnewuiamswluypganmmaadiang
WU gandiAnunsguvianan
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A1 iodine value (IV) ﬂamwaamm’luéumﬂm‘luiamwa %'w"aimaﬁaﬂ"lmmm
fansgneandled Tnlulefiwaiiien IV ge tufeasiimmatsviioruasind sugn
sandladlgionilulofioadiiids v g (Knothe, 2009) Tnenaueiunsgiuveisy
dwuad IV T¥idedliiiu 120 ¢ 17100 g FonnamdnaiinsaludulaiBusings axdanalifan
v gaslulsfieag %ﬁﬂsmmnsﬂhm‘maumaqmwamam degree of unsaturation (DU)
Wurnitse ummmmm'mmasva-'na'ﬂ,um-smusnmumu‘lu‘i.amwa‘lwmmaeﬂuamwLmu
‘L:mnaan%‘lma Taglulofiwatifiin DU dn avumqmﬁaawiammmwmuumuinmulu
AL uuﬂamnnmﬂlwu‘luaumluﬂsmmm awiliiAusnemiuluTedealdum
tues Teanmmeassiemieimsdeduynganvaassiien v eglunusiunsgy
YA Frdwmanrensifutnumiuiilulediea

A1 cold filter plugging point (CFPP) AadArlunisvitutanaaut@nisivanas
hifululefeaityedugungiin uledwailfidn CFPP ge sxiimsluafiqamgiivhdeanditly
Tofaiiilan CFPP é1 (Wu et al, 2005) Tnash CFPP geaeiiwunliufissannzneuuazgadiu
fansadiddts (Mittelbach and Remschmidt, 2004) Fwnawsreiiusununsaladudusi
geazdanaliisn CFPP gedzeituiy Tnewudramdneiiiiudnunsaluluuigiian fovmn
ilefunnawswiliiluiefiea sessiunlifiesfnnsaadueieseudls

o ey ' .. " = &
a1 4.35 auandAlulefiwavesavite B. braunii 4as S. dimorphus Mwzidedlay
Ii5utluansnisi (NPK)

V(g I DU LCSF | CFPP
Day sv |100¢h) |[oN (wt.96) | (wt. %) | (°Q)

B. braunii
0| 195.39 4787 | 6203 | 5425 3569 9565
207.24 6%.11 | 5501 74.88 4.83 -1.31
228.04 4138 | 59.68| 4793 6.19 297
12 | 216.69 4586 1 59.79 | 46.94 477 -1.48
16 | 223,46 4488 | 59281 46.93 4.58 -2.10
20 | 223.82 3521 61.71| 37.05 5.25 0.01
S. dimorphus

227.74 2572 | 6371 | 2847 18841 4272

220.87 3849 | 61.20 39.75 5.57 1.01

222,58 2766 | 63771 2996 3637| 971.79

12} 25452 24471 61.50| 2525 4.78 -1.46

16 { 211,71 3960 6198 | 4172 5.09 -0.49

20 | 201.91 4309 | 6234 4396 39.55| 107.78
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o atey 1 .. = & ras o o
#15199 4.36 Aauandflulefiwavasaming B. braunii unsideslagladulsgdenssdy

WANATHIY

V(g 1, DU | LCSF (wt.
Day SV 100 ¢ CN (wt.%) %) CFPP (°C)
Urea 1% 0119539 | 47.87| 6203| 5425 35.69 95.65
22296 | 2865| 6348] 32,02 7.11 5.85
214821 4021] 6145| 4566 7.69 7.69
1223028 2996| 6196| 3121 4,24 -3.14
1621893 | 4391 6003 4453 5.25 0.03
20122095 | 4347| 59921  46.50 4.73 -1.61
Urea 50% 0119539 47.87 | 6203 5425 35.69 95,65
231.01 30.75| 6208| 3281 4.81 1.37
20689 | 59.91{ 57.41| 7459 6.42 3.68
12 (239271 2829| 6190|  29.92 4.38 272
16 | 21872 | 3783 | 6161| 3988 5.63 1.21
20l21656| 3802 6181| 3987 6.77 4.81
Urea 100% 0| 195.39 47.87 | 6203| 5425 35,69 95.65
22489 | 3134| 6262| 3304 6.37 3,52
8 | 222.65 3045 | 62031  39.26 6.14 2.80
12 | 22444 | 3387 6198| 3587 5.55 0.97
1622033 | 3864 | 61.22|  40.54 5.08 -0.51
20 (21765 4093 | 6094| 4285 6.30 331
Urea 150% 0 | 195.39 47.87 | 62.03| 5625 35.69 95.65
22752 2414 | 64.13| 2604 5.59 1.09
20974 |  4302] 6135] 5169 8.42 9.96
12 | 21766 | 5174 5818|  57.80 4.91 -1.06
16| 220281 3585| 6149| 3822 5.28 0.12
20 | 21544 | 3904 | 61.68| 4165 7.56 7.29
Urea 200% 19539 | 47.87| 6203| 5425 3569 | 9565
22093 | 2953 | 6347 3219 7.06 571
21203 | a660| 60.16| 5212 14.90 30.32
1222253 5125| 57.76]  56.11 4.48 2.39
16 | 21286 | 5330 5835|  56.62 5.74 1.56
20| 21708 | 3863] 6159 4092 7.51 7.12




91

- | a/ay 1 . o & Var 4 P
A17199 4.37 auandilulefisavasdning S. dimorphus AtmnziRedlagldfulugisen

sERuRRnstei

V (gl DU LCSF | CFPP

Day sV {100¢h) N wt.9) | (wt. %) | (°C)
Urea 1% 0| 226.35 7431 5146 7227 193] -10.42
220.63 2167 6551 | 2440| 528 011
242.79 9.10| 6646 | 10.24| 236| -9.05
12 | 237.04 17.12| 6496 1876 | 7.68| 7.64
16 | 218.56 9.96 | 6873 10.21 883 | 11.27

20} 204.80 66.12 | 56.09| 6809 10.2%| 1584

Urea 50% 22635  7431| 5146| 7227 | 193] -1042
21834 | 2319 €538| 2595| 7.10| 582

8|20944| 3051| 6458| 3287| 860| 1054

1221900 |  1028| 6859| 981 1234| 2228

16 | 22023 | 1567 | 67.09| 16.46| 9.36| 1294

20{213.15| 6603 ] 5507 | 67.30| 1355| 26.08

Urea 100% | o |22655| 74.31| 5146| 7227| 193| -1042
21349 | 2528 6542 2842| 614| 280

21007 | 2374 | e574| 2622 698| 544

1221960 | 2861| 6385| 3203| 521| -0.42

1622431 |  1257| 6743| 1383| 832 967

2021890 |  39.99| 61.04| 3977| 635| 348

Urea 150% | o|20635| 7431 | 5146| 7227| 193] -1042
21325 | 2424 | 6571 2756] 678| 483

21203 | 27.37| 6506 3052| 851| 1026

12|21962| 865| 6895| 9.02| 809| 894

16| 21537 | 3241 6338 3226| 9.18| 1237

20122504 1894 6572| 1951 685| 506

Urea 200% | 022635 | 7431 | 5146 | 7227| 193] -10.42

21441 3411| 63.06] 3870 6.42 3.69

213,70 1994 | 6676 | 21.60| 1081 | 1747

12 [ 219.26 781 ] 6920 8.33 883 1128

16 | 214.62 22631 6596 2354 940 | 13.04

20 | 205.63 3994 | 6266 4237 2029 47.28
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Wungay

vV (gl DU LCSF {wt.
Day sv |100¢h) |CN wt.9%) | %) CFPP (°C)
UreatFe 0 | 228.79 3738 | 60.62 38.04 12.14 21.67
24433 3252| 6035| 3326 6.55 411
8|22189] 5062] 57.99] 49.65 12.61 23.14
12124570 | 3448 | 5972| 3193 6.30 3.31
1621827 | 5353 | 57.66| 57.59 12.92 2412
20 {21816 | 51.62| 5815| 5426 14,34 28.57
Urea+salt 465.67 9.67| 5556 9,84 3.14 -6.61
22300 |  6267| 5479| 6858 11.05 18.25
255.65| 2406 | 615t| 2519 5.36 0.38
1212460 | 27.12| 6156| 2850 7.33 6.55
1623356  4034| 5938|  43.16 10.01 14.98
2021316 |  5065| 5899| 5475 15.15 31.11
NPK+Fe 0 | 465.67 9.67 | 55.56 9.84 3.14 -6.61
22116 2934| 6285| 3045 12.27 22.08
8|21505] 5935| 5654  64.17 19,24 43.95
1221660 | 4872 59.08| 5204 14.84 30.13
16123256 | 3733 | 6025| 39.78 1215 21.70
20122365 | 4214| 5996| 45.48 16.47 35.26
NPK+5a} 0|22879| 3738| 6062| 3804 1214 2167
26041 2014) 6212| 19.45 4.59 -2.07
21884 | 4488 | 59.80|  47.11 13.41 25.66
12| 24461 2980 61.01| 2884 7.80 8.04
16127538 | 2207| 60.49| 17.60 542 0.56
20| 28973 | 2542 | 5866| 2524 5.38 0.44
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| asa! = [} " o & var ] s
#7197 4.39 auandRlulefiwavetamang S. dimorphus Mzasslaglasudedesum
S .
Aisgfiuminyay

IV (g 1z DU LCSF | CFPP
Day sv |100¢") | CN (wt.%) | (wt. %) | (°C)

= [ </ o
GLIaTAINUIYRN

223.89 7795 | 50.80| 6740| 20211 47.01

271.14 4660 | 5455| 4763 581 1.77

222.33 64421 5442 | 66.51 5.79 1.72

12§ 202.58 84.65| 51.66| 69.497 9.14 | 1222

16 | 217.46 67.08 | 54.29| 66.37 4.48 -2.41

20 | 206.82 66.95| 5562 7150 4.58 -2.09

gisasmfivadiy
G

0| 223.89 77.95| 50.80| 6740] 2021 | 47.01

213.15 49.00{ 5941 5083 5.98 232

235,09 41.04 | 59.05| 4239 4.82 -1.34

12 | 206.47 6159 | 5703} 66.95 8.35 9.74

16 | 199.75 68.02 | 56.28| 7479 | 14.45| 28.93

20| 234,63 1647 | 6536 | 1585 4.60 -2.04

NPKF21fUYan

0| 223.89 7795 5080| 6740 20.21| 47.01

257.88 3733 5795 38.16 4.60 -2.01

8| 202,57 44,52 | 61.89] 48.31 9.91 14.66

12| 211.89 55.11| 58.01| 60.60| 10.13| 1534

16 | 203.59 7321 | 5444 8085 9.91 | 14.66

20 | 205.92 5426 | 5897 | 59.81| 1247| 2270

NPK 97:ffuA173
LA

223.89 77951 5080 67.40| 2021 | 47.01

216.96 48451 59.10) 50.20 6.19 298

227.714 49.17| 57.73| 5197 7.06 571

12 | 206.76 5334 | 59.10| 5951 1219 21.82

16 | 204.02 50.64 | 60.14 ) 51.12 6.59 4.23

20 213.68 63,73 5559 | T70.63 7,36 6.63
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P Gt ! e - A 3
A13797 4.40 anaudilulediwarasamsie B, braunii Way S. dimorphus Mwsiaelag
Iiduilogile uduoansia

Vgl (B8] LCSF CFPP
Day sv [100¢h) |CN (wt.9%) | (wt. %) | (°0)
B. braunii
208.34 48841 60.04| 4500 11.13 18.50
196.72 71521 5581 48.47 14,65 | 29.54
195.42 9576 | 49.81 1 71.74 454 | -2.20
121 187.17 133,27 4148 107.98 18.67 | 42.19
16 | 195.40 75.74 | 5492} 56.79 1323 | 25.09
20 | 274.72 7.62 64.22 7.21 0.00 | -16.48
S. dimorphus

227,74 2572 6371 2847| 1884 4272

224.44 3411 | 61.92) 35.07 5.74 1.56

256,23 3890 | 5768 ] 4340 | 21.73| 51.80

12 | 222.67 3434 | 62061 36.01 5.22 -0.07

16 | 211.58 59.07 ] 57.03| 60.65 4.60 -2.03

20| 212.67 67.62 | 5472 65.62 5.04 -0.64
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mMawsdasEwig B, braunii Tudegramsfn (N:P:K) awselidnaagegawhiy
1.96+0.03 nfuredns warithilugean 47.07:0.51 wWesidud Wlammzdadlugids 200 %
drudse S. dimorphus wisidsduts (N:PK ffnagegawindy 1.65 + 0.02 nusie
fas warithifugean 40.80£0.97 wWadidud dawmsdlugdy 200 % Andwumanidivly
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