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Abstract

This project aims to study the effect of pH on hydrogen production
from green alga Tetraspora sp. CU2551 by sodium hydroxide or hydrochloric acid
addition to adjust the culture pH. The results revealed that at pH 6.5 to 9.0 the algae
could normally grow. Thus, the experiment was further extended to produce the gas
using continuation and adaptation techniques. The results showed that maximum
hydrogen production on continuation technique was 29.12 umol/mgDW and 29.52
pmol/mgDW obtained at pH 6.0 and 7.5, repectively which enhanced hydrogen
production by 140% and 142%, repectively when compared to normal TAP medium
without adjusting pH. Maximum hydrogen production on adaptation technique was
35.15 pmol/mgDW obtained at pH 6.5 which enhanced hydrogen production by
124% compared to normal TAP medium. Consequently, adjusting pH in TAP medium
is particularly interesting to further study for biohydrogen production efficiency.
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wAlNaNaA 2016 x 10 kg mol”!
SRR AR 0.074 nm
WASUMSARETLE 436 kJ mol”!
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2.3 nszurumskantalasiauang e iidealaen1sdansieries

Biomass, Co,
Storage ‘FCa i m’%o ATP

products
, NAD(P)JH —» NiFe-H,ase —» H,
0;9%”'0 T (cyanobacteria)
cids, R
CO,. " Fd —» FeFe-H,ase —»H
ATP - :

(algae)

Nzase _’ H2
ATp (Cyanobacteria)

NAD(P)H  py H*

H¢, l -

N,

Current Opinion in Biotechnology

Uh 2.5 wdnlelasiauainavsedidelaensdunssiuag

(7is1: Current Opinion in Biotechnology 2010, 21:245)
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W | (photosystem 1) azangloudidnaseulusa Ferredoxin (Fd) Sanunsalisidnnsaufiy
woulgsl FeFe-hydrogenase (Hyase) Bidnmsau fd Feanunsagnaneleuly NADP) Tae
touleyl Fd oxidoreductase wazausatuldnsemsuaulaeenles lunszuiunisin
duns1EdunsIzi (biosynthetic precursors) uaza15919aH 1 (Biomass) Calvin cycle
ansfanadeanunsalinszuiunminielisidnnseulunsnda H, (ndirect photolysis)
Tuaming NAD(PH iBidnmseuluds PSI iNeildluieulesi FeFe-hydrogenase uavuan
lalasiausely

2.4 wulvllalasdwaluanusediden

ulwiisslitereendindudeundu (reversible oxidation) vesuialalasiou i
anuddglunszuiunsuunueddulelasauluwaduaded@ianarsuia Wy wuafiSe
dmsedilo7 (green algae) aminedideaunuyiiiy (blue-green algae) Taseadavaly
Usznousundamasinan-dames (Fe-S cluster) WauwuszAunsaosily Wy Jainsy
(cysteine) wagdunudug winduaungulnginmatinveddanzunu Toun [NiFe] [FeFe] wag
[Fe] lalasTuaannsasmdlusneu (proton, H) Duluanalelasiau (H,) faun1straansdl

N " Hydrogenase il
2H"+2e et —— H, dgun1an 1



Cys
Cys\ HN -\'\ ‘fys
S, s- \, _
y \ i e s e»,,‘y
N S-Cys NC 0 o
[NiFe]H,ase [FeFe]H,ase [Fe]H,ase

3Uﬁ 2.6 1AT9519904 NiFe-hydrogenase FeFe-hydrogenase Wag Fe-hydrogenase
AIUAINU

(#iu1: Current Opinion in Biotechnology, 2010)

2.5 dmsnediden

ad Saa o P

awsgluifuliliddeamiloundh druusenevvessningasiduguie fuiinuly
PR a4 A a_ ¢ = a7 - e P I I P
Nytugs Ao deaalsWad e daaelsitad T ualsiiu wazueulndad amsiedidendunind
wunsluiiia dnnses wazveia nioududvuAuAduegld vuralidaudidnuan
Feusznaumswaaiisagadifiedluauiwuinlngidneazdusunievada wnfiilauie
wniinegludnvasuunasdneudmmanifvuslvgasifidane Gnws, 2549) 103nsTin

| = A P = a a . 2, ° =
VOIAMMINEAEIL 2 WY AD Luuuanaudn (haplontic type) 1un1sandiuiulasiuleuds
= 1 o dj p 2 & e a/ ¥ = -
Winluszeglelnawvsdaieasvauss Sndnstiwuly Order Volcales uaswuudunasufin
(diprontic type) Wunsinguiulasluloudsinlussosasisunuiiv Tpdnsiwuluunana
Y84 Order Chlorococcales n1sduNugvesansedidoilisendemwanasliondoine
nsduiuguuvendemalasnissaufuvasunuiiv Fefiianuy isogamy, anisogamy way
oogamy @unisduiuguuuendslimaliiansuvaead asnavesuavadrsevain akinete)

(82, 2546)

2.6 @318 Tetraspora sp. CU2551

Wieduunamsie Tetraspora sp. CU2551 Han1s8uduainmsmaiduanisue
Y098Y 18S rDNA wWuia@msne Tetraspora sp. CU2551 Inagluy



Kingdom Plantae
Phylum Chlorophyta
Class Chlorophyceae
Order Chlamydomonadales
Family Tetrasporaceae

Genus Tetraspora

Tetraspora sp. CU2551 fianudunudedslndidesivavsiedidegadinendns
WU ﬁf?]l U YU Tetraspora sp TSU83121, Nanoscyph Tetraspora AF006314 W a ¢
Tetraspora discoidea AF306793 1{usu (Maneeruttanarungroj, 2010)

2.7 pH

pH (Potential of Hydrogen ion) {usfiuanA 1 dunsm-ang nUHATe 104
lesauvadlalasiau (H?) Faflvasdaus 0-14 TneArfitoviivindu 7 detriantsdunats &1
a1 7 fannasdiunsa uasdannnd 7 flannadua amseneaeuldnaeitrinsly
nsvavanlanadeumenaudsud wiadesieuined @ondudnadunsaewineenans
wazinalulad 2559)

2.8 MUITeTiRede

Dubini (2011) IWaulaamirendriawadiies Chiamydomonas reinhardtii 3y
funuudmiunsAnwntsndandudomasiinnluamiedifen msgiidduany
DNA fifoyavstianimidu EST uasiifgdnsnsduiugilududonviliaunsodudldied
warnvaredlulnt dsdfuamsng chlamydomonas Fududuuuuddadidoyaiieany
nssurunsnanlalasiau teniuea wagluiu IduilSeudesudn Tneduaveaduves
lelasiau amsediFeramnsanszunisndnlolnsaumeiinadinmilduas Tasldnaln
YDINTTUIUNTHUATISIIIBUAITZUUNAST 2 (PSIl) uagssUUNAT 1 (PSI) Iﬂ&lﬂ'ﬁﬁﬁ’l&)ﬁ;’]

uavasdianaseululmeuleilalnsdiua (HYD) Fsavudesfinelalnsiauesni Insiieandioy

s

Jumdudimainauveseuleilalauiiua dsluaniiiviedamesazidsinisiineandiay

6]

Maneeruttanarungroj el al. (2010) navilianamseddewadimelinulmiamiss

v

Naﬂlﬂiﬂﬂ‘ﬂiﬂ,ﬁﬂﬂﬂ(ﬂLLEJﬂﬂﬂ"ﬂ"IﬂUFJU’]?]G]lU"iN'Vi’MU‘I/IlIﬁ']H Uszindlng ma‘[,maawammu
LLUUI’ULLH\‘JE{']ﬁiWEJUQﬂ‘E”U'J’ILUUWDFﬂUﬁﬂB Tetraspora Namiauaumﬂmimmm‘uwamau
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loueadu 185 rDNA wedramsedierssyiniu Tetraspora sp. CU2551 flaudumiug
a&iwiné’ﬁaaﬁumm’wﬁvﬁmquaﬁtﬁmmaﬁ’uéﬁ'u 9 Tetraspora sp. CU2551 flnanweenis
v auduaewinduiigailaidedluims Tris-Acetate-Phosphate (TAP) nefldennund
W 48-92 LE/m%/s uazgamgdl 36 °C mswanfwlelasiauiaududionn pH finduain
5.75 U 9.30 n1sudnanasedreurndean pH 9 5.25 n15iAL 0.5 mM 284 b-
mercaptoethanol adluemnsidsade TAP gnszAuNNdnlalasiauyssuuasin lu
sgindunounisudnlalnsioudnsldomnsidsads Tap Fuslulasiauuardameiaaes
othaiialumsiinduuszana 50% lunisudelelnsiou anuaiierlanseaiududvaumas
lulnsuniedamesifivsedlaegrmisdasdwaldivadnanfeludnsniviuifio
winties n1snszun1snanlalasiau 0.5 mM b-mercaptoethanol A1elddeulunissnmit
wiaslulnsiaunasdaesasiintuiionnuduuasliidy 5 WE/m¥s winuaaduiuagly
denaliinrudugetuniu vnnsiuInleAdeTnsningsgalauseunm 17.3-61.7
umol/mg Chl a/h Lﬂué’mqmwﬁmqammﬁaLﬁauﬁ’umwiwﬁL%mﬁu 9 wazvinli
Tetraspora sp. CU2551 Wuangwugiinauladmiunisuanlelasiaulngiatonmillduas

James B McKinlay Wag Caroline S Harwood (2010) naiuuafiiiedunsievinaa
fiengulbiazaudamles (PNSB) amnseduasisiuanuulilisendiauiondnlolnsiauld
lng PNSB &1u15a5udidnnseuninnszuiunisndn daldainnandanianisinunsuasiay
915 (19 acetate uay butyrate) Laziiana Snv PNSB @1e#ug Rhodopseudomonas
palustris gea1unsaldarsusznovezlsun@in (19w lignin monomer) pandladansasy
sunsdedwanysalld®ina H, way CO, sanu1 uazliinandn H, geanlndidssiungu]]
(wa H, seluaarsdadu) mLUu“nJlmwawluun'maﬁymu‘lmaawaam zifudssly
Uffsamnetanin - lessnansiadusuvidusiiuldinginniseis co, Tneiwdige uins
wdnlalasiauanmsdaasivinamuulildeendiauiuawisaldosiuaussnunvae
Tutpdnsle uar PNSB Bavanefdanursnoandladasddueiiunddivuy 5,052 Hys wie
Fe? iiolwldBidnasenlumsaanlalasnay
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undi 3
5115 HUUITY

3.1 WeqdunIsilHlulasenuiie

amiwildlunismaasiide amiiediden Tetraspora sp. CU2551. la5uAa1u
oyaTwien asdadnd  udiauddsad (Badnd, 2550) nradvuadl Aurineraians
anuwmaluladnszasuinandnamsainnseds

3.2 d@15iadl
3.2.1 1MSIREE MY
3.2.1.1 815 TAP (Tris Acetate Phosphate medium)(nnaxwan n)

3.2.1.1.1 Tris (Analytical grade, Carlo Erba Reagent)

32.1.1.2 weuluiflsuaaalss (NH.Cl)(Analytical grade, Loba
Chemie)

32113  wuniduudaiaeuailamsn (MgSOs.7H,0)Analytical
grade, Loba Chemie)

32114 umaleunaslinlnlatnsn (CaCl.2H,0)XAnalytical
grade, Ajax Finechem Pty Ltd)

32.1.15 lalwunaidoulalasiouweain (KHPO,) Analytical
grade, Loba Chemie)

32.1.1.6 Iwunadoylalalosisunoamn (KHPOL)Analytical
grade, Loba Chemie)

32117 wonsaulanesiuesddaalaleldoy
(NazEDTA.2H,O)Analytical grade, Loba Chemie)

3.2.1.1.8  WeAdaisaUailainsn (ZnSO.7H,0)Analytical grade,
Loba Chemie)

3.2.1.1.9  nsauain (HsBOs)Analytical grade, Loba Chemie)

3.2.1.1.10 wmmiamaslsdwaszlamsn (MnCL,.4H,0)Analytical
grade, Loba Chemie)

321111 wedadaaeunslansn (FeSOq.7H,0)Analytical
grade, Loba Chemie)

3.2.1.1.12 laveadaaslsdianyzlawmsn (CoCl,.6H,0)Analytical
grade, Carlo Erba Reagent)

321113 AUty os(Nda W minumnelalm 50
(CuSOq.5H,0)(Analytical grade, Loba Chemie)



3.2.1.1.14

3.2.1.1.15

3.2.1:1.18

12

wouluilowgUnsluduinninnszlatnsn
((NHa)sM07024.8H,0)Analytical grade, Loba Chemie)

n3nosBANLYUYY (CH;COOH conc.)Analytical grade,
Reagents Duksan)

¥hindu

3.2.1.2 9113 TAP-tris (n1ANWIN A)

3.2.1.21

32122

3271.2.3

32124

8.271.%0

o, 1206

BIEL1L. ¢

$.21.28
129

S L2M0

3.2a 211

5.2.1,2.12

5212713

3.2.1.2.14

52120015

wanluillounaalsn (NHC(Analytical grade, Loba
Chemie)

winfisudaumaunilamsn (MgSOq. 7H,0)Analytical
grade, Loba Chemie)

waaldeunaslsdlalalnsm (CaCly.2H,0)Analytical
grade, Ajax Finechem Pty Ltd)
lnlnunadoulalasiauneain (KHPO. Analytical
grade, Loba Chemie)
Inuna@oulalalasiaureann (KHPOL)Analytical
grade, Loba Chemie)

wysaulneviiuesdnalaluifoy
(NazEDTA.2H,0)(Analytical grade, Loba Chemie)
Yandammauailainin (ZnSO4TH,O)Analytical grade,
Loba Chemie)

nIMUBIN (H3BOs) (Analytical grade, Loba Chemie)
wsmianaslsnmnszlawmsm (MnCL,.4H,0)Analytical
grade, Loba Chemie)

wetadanieunslamsa (FeSOs.7H,0)Analytical
grade, Loba Chemie)

lavsadaaalsdianyzlowmsn (CoCl,.6H,0)Analytical
grade, Carlo Erba Reagent)

oUasiNFasmnunslainse
(CuSOq.5H,0XAnalytical grade, Loba Chemie)

wonludeuaunzluduinninnsslansn
((NHg)sM07054.8H,0)(Analytical grade, Loba Chemie)
NINBETANULTY (CH;COOH conc.)(Analytical grade,
Reagents Duksan)

¥ndu
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3.2.2 n15U5u pH
3.2.2.1 Universal Buffer (nasuIn )

89214 NIAz@Rn (CHsCOOH)Analytical grade, Reagents
Duksan)

3.22.1.2 nsAUa3IN (HsBOs)NAnalytical grade, Loba Chemie)

52213 ninWeadawa3n (HsPOLAnalytical grade, Loba
Chemie)

32218 ldsulaasonlen (NaOH)Analytical grade, Loba
Chemie)

3.2.2)5 ninlalnsmaasn (HC(Analytical grade, Loba
Chemie)

3.2.2.2 Tsmstiureamensnlalasasesnvselaieylensenlas

522,27 ninlalasaaadn (HC(Analytical grade, Loba
Chemie)

32785 lyiagulansanled (NaOH)(Analytical erade, Loba
Chemie)

3.2.3 wunsgiunazinanldlunisiasisivsinalslasnay
3.2.3.1 f1we13nou

3.2.3.2 4% lalasiaulufieeisnay

3.3 aunsal
3.3.1
3.3.2
333
3.3.4
335
336
3.3.7

338
334

3.3.10

Tulasta (Micropipette) Rainin U Pipet-Lite XLS
AUVUIRA1

Q"UL’?JIEJL%IQ (Loop Inculate)

5eed 4 duwitls (Balance) Mettler Toledo U ML204
i3psilumies (Centrifuge) Heraeus Megafuge 8R
geeide (Laminar flow) JSCB-120058
in3esinnrudunsadas (oH meter)

1AT9ILATI8NBIAYTENOUYBIAY (Gas Chromatograph) Hewlett
Packard 3:‘145890 Series |l

\3ee¥Anisganduias (Spectrophotometer) Thermo Scient TU
Evolution 201

i8I WUUAIUANRUMAT (Incibator shaker)
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33.11 wipikehidermeleth (Auto Crave) JSAC-60
3.3.12 Lﬂ%muﬁ’l’lfﬁmﬁd‘] (Glasswares)

3.3.13 azlAgaeanadad (Alcohol burner)

3.4 oM awziaesamsedilen Tetraspora sp. CU2551
3.4.1 ﬂmwwsl,ﬁmmﬂ%wu%qwﬁ

Unamsneden Tetraspora sp. CU2551 RICE TR BETE R IL O Y LT
Streak plate technique "Lﬂam'i,ummawa LLa'Juﬂﬂmmm'i@aUummuamwnm 36 9971
waldua wazadnanduuasit 48-92 IuiﬂﬂWmaumamswmmmmmmﬂunm 3-5 Yy (ol
Iflalafliien

3.4.2 ASPEUMTDLUAY (Starter culture)

ﬁwmmw‘lﬂ“ﬂaumm > ‘[ﬂiaua'mmmit.aamaufuamLwnvLaaﬂummwawm
100 Hiaad mwua’m'l'smamamm TAP U‘imm 50 dadans mhlummﬂ'ﬁawummu
goumgiTl 36 ssmsaidiua uasauaet 48-92 llnsTamausion s awmsAe iU TILEy
nan 3-5 34 nuadeildvldvasaruiiaswn 50 fadansluiumied 3000 58U
seundiiiunat 2 uil wawitlafsesldamseideFusu (Starter culture) wavhnns3a
mmiﬂmﬂﬁuuaqﬁ 730 uluns lnetidnamdroun 10 lulasansuausutiingy 990
faddns (30919 100 W) Tdlululasudivuin 1 §a88a5 udadlalusuIumien

ATIYUYBIAVIIE (OD730) LiVeriulilgau

3.5 N119ANYU9 (Screening)

vimsiaesamielaeimuaaInIuYu (ODs) L'%uéfu"uaqaws"laagﬁ 0.01 waamse
udeanigldnismunuat pH 71 3-12 luviagUsuyauin 100 faddnsiilomisidoade
e TAP lnaiinmsmiuay pH eg 3 uuu Ae

L

3.5.1 TAP-tris 25 Hadansnaunu Universal Buffer 25 adans
3.5.2 TAP 25 fladanswaunu Universal Buffer 25 fiadans
3.5.3 TAP 50 dafddnsuaununsalalnsrassnuseolainellonseanlss

uwinhluuuiiasesunmuaugamalil 36 swmwalea wazauduuasd 48-02 Ty
laslWaeudamsamasdedufiiiuiat 72 §alus Tngvinisdienmnisiasafivinves
awmiglinn q 24 Falus
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3.6 N159AN5193eULAUlA (Growth Phase)

‘V]']ﬂ’]'itaENEI’IW;"]EJVINﬂW‘iLf\]ifyLMUIMIWU’N pH A un5Fn29 (Screenmg}
’lammsﬂwwwmm 100 maaamwumwmamwamm TAP 20 {iad8n391u7y 3 ﬂm Tnevin
mwamﬂsﬂlaimﬂaainmaimmaﬂamaﬂlw Wilaen pH 6.5 7.0 7.5 8.0 8.5 9.0 wazsa
AIUAY (Control) AIUAINU Lmelﬂwmmaquumumacuwnw 36 DIANTALTLE LAY
ATl 48-92 lulaslwnourennaunsaeiui T,mawnmmmmmsmmﬂauumm 730
wiluwasyn 9 6 Faluadunan 54 $alug

\38H9MI3 TAP 50 mL + Amplicillin 20 pg/ml U$u pH 6.5
7.0 7.5 8.0 8.5 9.0 wag Control M HC/NaOH asluusasn

LY s i s e,

| Wnavswlaeliiiaanugusuiu oDy, =

|
o & | o
0.01 u’]lﬂtaﬂ\ﬂﬂﬂﬂ'ﬁl:'ﬂﬂ"lﬂ 36°C AINULVULET ’
|
|

4892 pE/m%/s m151 140 rpm laetiunia
| : |
| A UV 109 6 v ihinan 54 v,
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3.7 Wmsialalasivuvesamiediden Tetraspora sp. CU2551

mnmammmw‘lmammmmmmw (OD73) Liumu‘uaqmwﬁwaw 0.01 U&1n
ammumLaaq’i.umwmaﬂqmama'a TAP 50 uaaamﬂummﬂww 100 uaaamimmu 27,
U0 Léa’mWIUUEJWLﬂiEN‘UiJﬂ’JUﬂiJEJmMmm 36 pePALTLE LarAULLE 48-92 lulas
T,wmaumaﬁ13’1@memmmmﬂunm 24 1l Tnevhansausinadlalasiay 2 WUV A

%) 1 A & .
3.7.1 M3muuusaLliay (Continuation)

thamsefivuuda 26 $alisndredusiuy 10 WIRNUNTINAULE LU 9
ldvnguwuy 7 vam V062 65 8883 uiazvanUsuAn pH 6.5 7.0 7.5 8.0 8.5 9.0 uay
#1AUAL (Control) Hafla TAP mmmm‘umansmlalsﬁﬂaasnma‘[mmﬂmlamaﬂlm
nuudsldvanlauen (vial) 1ue 120 mi UIeE 20 TaBARTEIUIY 3 9 Unsaggnena
aaﬂmmaaamuﬂu lavondlausisfingesneu 10-15 u’mﬂaumlﬂUumﬂimwmum
Qugilil 36 ssmwalTua WarauuLE 48-92 hﬂﬂﬂﬂmaumam'rmmmmmu'm
Wunan 53 Falus Tﬂammaa’tuLLmaWUNL'Jawunmﬂ'immlah'iLﬁJummmm Gas
Chromatography (GC) i Thermal conductivity detector (TCD)

3.7.2 mytanuuasuevns (Adaptation)

e efiUusTngs 26 $almendradus iy 12 IR ldvaanLTURAY
9u1a 50 fadansnewthuiumied 3,000 sousauriilunan 2 il wdauitlafiauazfy
TAP Insiidntosuduatunsauiu wdaamssldnnguvun 7 vinedisavivin 9 Aundds
TAP U3u1ns 65 adansfiiinisudusn pH 6.57.0 75 8.08.5 9.0 WaEAAUAL (Control)
Fafe TAP muamumaniﬂ“l.aimﬂaainwsaTGﬁLmaMam‘saﬂlsmu,m Mntuuisldunlouea
(Vial) v3naz 20 fadansdiuau 3 i "Laaansmum'mﬂWmSﬂau 10-15 Wriineun Uy
Lmawumumammw 36 D9 LTALTEE UazAALTLLAT 48-92 luTAsINnousenTs1g
wassouilunal 53 $2luq Inedngadluwsazdranaiuniousinalelnsaudisnie
Gas Chromatography (GC) il Thermal conductivity detector (TCD)

Laaqammlu TAP-50. k. aa‘luuma.«ﬂmanmmu

B
LT Rt e

22 979 Immmavmﬂuﬂmﬂwﬂgu OD730= 0.01

——

Ul 24 2.

_Continuation Adaptation
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3.8 nsiaUsunulalasiay

tuiausnadosianievonnar (Head space) u13ausunailelnsisudioinies
Gas Chromatography (GC) Wisuffuuiiaeisneu annedldlunsinusualelnsiouuansly
371 3.8 uddAd s USinallelasiause iemmenuan o

| a [ o
1519 3.1 aneflilunsiinsisiesiUssnououiadeetos Gas Chromatography

WI513ne3 dnnslunisiiussuy
Column Pack column 2 m; Molecular sieve 13x
Detector Thermal Conductivity Detector (TCD)

Temperature Program - Injector temperature : 100 °C

+ Column temperature : 50 °C
- Detector temperature : 100 °C

Carrier gas Argon 99.99% purity (flow rate 70-80
mL/min)
Standard 4% H, in Ar

149338
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uni 4
NAN15IR8LALNI158AUS18NE

nMsfinwaTsldonisguaves pH senswanlalasiaulneaguuauyigian

Hydroeenase
2H" ¢ Ba yeros > H, ﬁmmsﬁl

AAINsUSUUTINalalasIauNTuNIUSU pH 9siinaseuSinadlalasmumuiy

4.1 53UUAIUAY pH

’Lumiwmamlmmumu pH fnEs8UY Universal Buffer (UB) tilasannan pka #4198
ATBUAGUYIY pH Aifaen1sld Taendonldams TAP smnu3duues Maneeruttanarungroj
et al, 2010 usiluoms TAP  Buffer ogfie tris Fapairanssananaglusuniussuy UB
Jadenldomns TAP Usadain tris (TAP-tris) WinsnnaasnIug U Uswngmmam UB
WHALAUB WS sER UL pH faguil 4.1

N3INUENIAMUTUNUS T2 TAP nau Universal Buffer fiu

TAP-tris Wedl Universal Buffer

13 & ——
12
| 1]
10
A B TAP + UB
e g |
€ AL
s 7
:E- 5 A B TAP-tris +
q UB
3
=
1
0

pH

'U 4.1 a8 pH 3.0-12.0 Tue 15 TAP-tris iU S pH Tae Universal Buffer uag pH 3.0-
12.0 Tuens TAP #U3u pH Tneg Universal Buffer

mﬂ'ﬂjw 4.1 auuldiinisaauay pH luewns TAP- tns ey UB 13JE’§’]1J’IS€1FI’J‘UF1§J
pH wmaamﬂmuaanﬂﬂmmimum pH luomns TAP finay UB seuilotiuides
mwswwummmﬂﬂlmmmmwﬁymuimlmLummn UB Lﬂumwuaaﬂu TAP M54y UB F9
vilansemnsiiamselisuiinniiuludinsd 4.1



iy

AN9197 4.1 Nan1sARY2eT] pH 3-12 Tuewns TAP U3y pH Tne Universal Buffer (2 %)

18"
(F21a149)

AN

24

48

T2

i

e ary
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-1 | = & o w .
NNNEWIELIEMIET pH 3-12 Tuemns TAP fUSu pH Tng Universal Buffer
1 1 = = o =i oo & o PY) = v
mmwUlummamimyl.muimiﬂ LASULUANLIBUYUN pH 6.0-8.0 PHUUIEDAMIUAN pH f7e
nsnlelasasedn (HCY wielwifeylensonles (NaOH) HaUTINYIEmMgamnsaRs L Aule
v & e 2/ o 2 a =

Widiudddssuuiinaugu pH densalelasasedin (HCL wisluiouleasenlys (NaOH)
AaBANTIANYIASIT

4.2 wan15AnYa9 (Screening) wasdminedifien Tetraspora sp. CU2551

434 pH thagdinadentsisigiulavesamieisldmaaeunisisdydulnvesamine
1ud33 pH 3.0-12.0 fwszuumseauau pH Fensalslasrasinvolnieslonsonles
N15NAADUMILIE B I deE T Tetraspora sp. CU2551 1A 45U ODys = 0.01 Ty
goumgdl 36 C weiail 140 seusieunit aadiuias 48-92 lulaslulnousionsrasdeun
adhsseionduian 72 dhlua viimsshesUnn 24 dalus Lﬁa@ﬂﬂslm‘%sgl,ﬁuimati'mi"n 9 9
uamalums1ail 4.2 wan1sdingasil pH 3.0-12.0 luemns TAP fUSy pH saensnlalasnasin
visoluiisulonsanled

= P — o S w [
A19199 4.2 NanN13ARYI9N pH 3.0-12.0 Tueins TAP Uy pH lnen1sduneadae
nsalslpsmaasnvielufuulansonles (2 4n)

nan
) YR !
(@luy) | ¥ AMWEMTE
7
0
1
2 i 2 g, P g S 0T 9 St L
; o \ . ﬁﬂ.}“..e“'
24
1
2




48

72

NN E L sE S 07 pH 3.0-12.0 Tue s TAP #iUu pH fensalelasaassn
vseluidenlensenlud (2 gn) mwmum'smtymu‘[mw pH 7.0 uag 8.0 Faleiutsan pH T
LLﬂUImamw pH 6.0-8.0 Tnewfiatuitas 0.25 Lwaﬁﬂmmmﬁgmdmwmamsw NARINIS1
i 4.3 nansfeaasi pH 6.0-8.0 luemis TAP Uiy pH daensalelnsmasinvielsiosls
asanles amsreansalaldmi pH 7.5-8.0 delinsetunaludoiguq pH 7.0 A259Y
qumLmu‘[mlﬂmmmswnammanﬂiq LWEJﬂiNﬂ‘)']JJﬂﬁEIE]UﬂaQJﬁNLﬁ@ﬂ‘ﬂ'J\T pH 6.0-9.0 Tng
Wintulay 0.25 naken15197 4.4 nan1sagaeh pH 6.0-9.0 luewns TAP AU$u pH dae
nsmlalm'iﬂaaiﬂwsaimmaulamaﬂlm ammwmmwmmmmfgLmvim"lmmwmlu 48
alu ugaeisumelugag pH 8.5 Wudululuhlusit 72

ﬂ: Qs 1 A - a @ 4
AN 4.3 WaN1IAAYIN pH 6.0-8.0 Tuems TAP fU5U pH Tnen1sifunendae
ninlalnsraeinviselaifelensenles (2 47)
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A91971 4.4 HaN1SARYT pH 6.0-9.0 Tuems TAP vy pH Iﬂamsuwﬂﬂmaﬂiﬂ
lelaseaninviselafvulansonlys

f"?q Y ANAMT
=
(Tlaa) |
0

1

2
24

1

2
48

1
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4.3 N153AN315eYLAUIA (Growth Phase)

NYIUD 4.2 HANITANYI (Screening) waqmmwawm Tetraspora sp. CU2551
sziuamsedulaléigag pH 6.0-8.25 uidossnfivuailde i pH 8.5-9.0 Fauiusm
Msasyiuled pH 85 Uay 9.0 M8 waeliu pH Taemstfuneadaensnlalnsaaesnute
laineulansonlyd ﬂwnuummmmammﬁgLmu‘lmma'mswﬁl,‘ua'a Tetraspora sp. CU2551
IﬂawnmsLamLmemmﬂU:J'nmﬂ’nn'rsmﬂnaulmw 730 uiluasn 9 6 $rluadunan 54
alua TngA1AU (0D;30) Busuludalusd 0 o811 0.01 wawsinnsidesreluauds 73
m‘luwumu"l.m'lmwswmmmw'ssymuimumiﬂ 4.2

al 1 - 1] IJ '
nymuannudRiusTTnInsRiyivinvesamieiivaanaiineg

—-6.5

~&-7.0

-7 5

— .0

——g5

-8-9.0

~&-TAP
0 6 12 18 24 30 36 42 a8 54 60 66 72 78

time(hr)

gﬂﬁ 4.2 Han1ssSAuLAYesase Tetraspora sp. CU2551
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wamsvaaesmuiems TAP (ifinsusu pH) Fadiusamuey (Control) Faile TAP
il pH iy 7.0 2ziimseigivladinulfidudnilunsisaunisasyduls dulussuy
pH 6.5 %wum‘sm?mﬁﬁuhﬁlﬁLmnematiwﬁﬁ'aﬁwﬁzyﬁu TAP faduluszuuy pH 6.5 3.
autaulasgrauindiagldnaasunisnanlalasiau drussuy pH 7.0-9.0 9gWun13
wigAulaiitesndn TAP agefiuagliifivudfgy(nranuan 1) adralsfnuamsedianunse
wulaladslavihnsmedeuinusunalalasiaudeluiuiy

4.4 Bnsialalasauvssamiedilion Tetraspora sp. CU2551

Bnsialelasiauvesamsiediflen Tetraspora sp. CU25519gvadeudie 2 33 fe
n1siauuusiailies (Continuation) lngidesainsie 24 Falusudatimnuiu pH wetiluin
lalasiauas uagnisTawvuiasuaims (Adaptation) Tngideainsie 24 Faluudaun
Waeuenms TAP wdiusu pH wethlualalasiau Jevia 2 Faivaden-deidesatuged

® MsInLUUABLLEY (Continuation) (wuuyl 1)

996 918 dvaIn wasusendalunisyia

vaidy  1veivendsmwadasetuniluneunt 24 dlueh

® MmMyIAwuUWaEUEIMIS (Adaptation) (Wuudl 2)

¢

4‘ A 1 1 = 7
1R Welldgustsmiaindiedldansenniseasuy

v a a a1 g - a &
VBl  LABLIAN Lﬁﬂﬂ’]l‘dﬂ’l&ltﬂaﬂua’lmi LLameiad‘lqumﬂ?Ju

4.4.1 N IALUUABLLDY (Continuation) (WUUTl 1)

NS AL ATV TR pH 6.5 7.0 7.5 8.0 8.5 9.0 WagsmauAu (Control)
Fado TAP G]’lﬁJﬁ’lﬂUﬂ’JElﬂiﬂlﬁIﬂ‘iﬂﬁE]iﬂMiE]I‘dLWEJiJlE’JﬂiE]ﬂl%(ﬂﬁ&lli.ll.lﬂ’lima&ua’ﬁﬁ’li TAP
routhluinuiinallelasiaumeinies Gas Chromatography (GC) Iéfagui 4.3
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namuansUSinailalasisuarauessadamisluniasinenglnenisin
wuumeiles uudl 1)
L7 - — e

=
a
Qan
£ —e. TAP
0
g —a—55
=
T —&—70
s
=
g —@—75
&
= -=&-30
S
!
& ~--® -85
i’

=-=2%=90

1221 (hr)

=
UM 4.3 n‘sw‘lLLamUm1zula‘[mLﬁ)wmamaaamﬁﬂa’LuLLmavmaawImm'i'mm‘umaLuaa
(Continuation) (LL‘U‘U‘M 1)

nauyAguaianziunsneziviinalelaseunnnian s diiomng
Usinalusaeufianunsaiilhiinlelnsiauldunnns (@unn3il 1) nanmsvaaemuiilenan
Huluussutm 27 $2lus omns TAP (lifinnsusy pH) fauﬂummuvﬁm (Control) & pH
wirdu 7.0 Gundnlelasiound dalussuy pH 6.5 Way 7.5 agwuiUsualalasiauinle
uu“l,uLmﬂwamauuamﬂmﬂu(mﬂwmﬂ 9) wazdivunallelasiougania TAP 40.6% uax
42.6% PUEIRY TAsEUU pH 7.0 fusnailalnsiaugandn TAP 30.4% uavilszuy pH 8.0 4
Ysualelasiautiosndt TAP 20.1% mmmamavLuawﬂwsmmmmwqufuuamaﬂm 9
mm“hfiLLaqawmmaaamumaalﬂmm N3guu pH 85 way 9.0 liinsudalalnsiau
ilesnamsreenameluvasiy pH veo1aiilusnauliiiewasoniswanlalnsiay

4.4.2 s¥auuuasuems (Adaptation) (wuui 2)

mﬂﬂmwwwmmmmﬂwum pH 6.5 7.0 7.5 8.0 8.5 9.0 wazsAIUAY (Control)
Fafo TAP mmam‘umanimlﬁimﬂaaiﬂwiaimtmaulamiaﬂlsﬁmimm‘daEjumm'i TAP fiau
wldinviunnilelasiausieinies Gas Chromatography (GC) lmwamgﬂw 4.4
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n‘sw!LLamU'smfu‘laTmsmua.,a:u'uaqwjaammwa‘luLLma.,‘maw‘[mUmﬂm ‘
LLUULUaemmm'i (Ltuw 2)

. P
50 i3 3 I ~% = 1A
+ 6.5
40 ~—&—70
el 75

& —a—380

3
=
e \?\j\_ s
. 1 | |

‘ : - =90

w
o

Uinalslesiauazan (umol/meDW)
N
(=]

=
o

40 50

30
Va1 (hr)

Tod 2 o A4 L1 o 4
JUW 4.4 naviuaastBanallelasiauiiveawadamineluusasansenglnenisianuuasy
: <
91%19 (Adaptation) (LLUU# 2)

wamswmaaawv’jw‘U%mmlﬁirﬂSLauavauﬁmamﬁué’aﬁgﬁmnawﬂivmm 27 Halu9
9113 TAP (Lisin5U5U pH) ‘H@LUUGDF]'J‘UF]N (Control) 31 pH Wiy 7.0 LﬁuwamlaimiLau
Asil douwinasTalussuy pH 6.5 wudrUSuadlelasiaudildduiunnnia TAP 24.199% 7
J8UU pH 7.0 uag 7.5 wmwﬁmmlalmmummlmuu"lmLmnmqamauuaa']my(mﬂwmﬂ a)
AU TAP Luaqmnuﬂ‘smmlﬁlmwummm TAP aa 2.11% wag 6.67% MUSIHU HouIfl
YUV pH 8.0 Wag pH 8.5 %u‘W‘U’J’lUiiJ’lflﬂﬂIﬂ‘SLﬁ)UﬂJﬂ’l‘iNﬁmlﬂu@ﬂﬂTI TAP 8g 12.57% uay
51.019% muddu uiiledsedoluaudetalug 48 awswumswamﬂwmlﬂmwulm
11NN TAP aa 53.71% uag 22.49% MNa1aY ammamw‘u pH 9 0 lifinswanlalnsiau
LummﬂmmwawuiﬂsmaulmLwaqwamaﬂwmamlﬂmmu LaEdl pH 6.5 7.0 way 7.5 &
U':mm”l,ﬁimmua rauanaslupouing mmummmnLuamn"rst.ammm'mlﬂﬁaa 9 pH Tu
awmaaqmaawmmﬂasJuLmawﬂwmmwwamla‘[mwulmuaﬂaa wagilloynisi
lelasiausniann 0.4 ml Sohlissnalelasauasauanaaion d |

fmnmamﬂanaﬁﬂlmwLuammsamﬂimmla‘[mmuw 27 Faluawunit pH 6.5 g
wanlalasiaulsigeiian iosndleviinisidesamseluaniiznsa INANYRFIUFIEUNITT
1 luan1gnsnasiivdunlusaseuninniluaniiziva Jandnlalasiauldge lnonan
lelasiauliganin TAP ¢ 24.19%
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UNN 5

ayunan1TIvEuasdalauaLUL

5.1 d@5Unani1sivy

1NN1TNAABINATD pH mamwamlsim‘mulummwamEn Tetraspora sp.
CU2551 memmwmﬂmmd (Screening) 9 it pH 3-12 'lua'nfml,ammaw*lﬂﬁﬂsu pH
mamiwaﬂﬂiﬂla‘[miﬂaaiﬂmdﬁdmaulamaﬂlsm szuliamsivansansydulalda
fian?l pH Uszunas 7-8 mamwwwmwmamq‘[mmaaammwm pH 6.0 - 9.0 wafll@de
ams'laawuﬂiﬂLﬁ)smLmUImlﬂWﬂ pH fausia pH 8.5 8.75 wag 9.0 ﬁ]uuﬂ’l‘iLﬁi‘imLﬁlUIﬂ"ﬂ?ﬂﬂ'm

soudalduniananisiasydulnvesamsie (Growth Phase) Immmmmimﬂau
LLEN‘V] 730 wiluasd pH 6.5 7.0 7.5 8.0 85 9.0 uax mm‘um{ (Control) 5@ TAP waiile
ﬂ@LﬁJ?JVI”Iﬂ’I‘S’Jﬂﬂ’]ﬂ’J’m‘UU (OD730) M0 9 6 Falasauasuil 54 Falusansredensiinas
wigdulnegsdeiias Inefl pH 6.5 uaz 7.0 avsganusasgiulalafiisudss TAP
a1 7.5 - 9.0 fimsseivlnlddeanin TAP

douFavinisinusunalalanaulussuuwuudetiies (Continuation) wuindlenand
27 Falusaeiiulddnil pH 6.5 7.0 uag 7.5 dunsondnlalasaulifiniifaiuau (TAP) uaz
7i pH 8. 0 nsudalalasiaulutisusniinmanlalasiaudes widnedionsinisuaniiuty
089A97 108l pH 6.5 waz 7.5 uummmwamla’lmmulmgmqmiﬂawamlmmmwmmuau
(TAP) 8¢ 40.6% uay 42.6% auanu uagkdnuunalalnsiauazauls 29.12 pmol/meDW
uag 29.52 umol/mgDW mud1iy drunisinusunalalasiaulussuuuuuwdsuenig
(Adaptation) a1 27 $2lus pH 6.5 7.0 way 7.5 dmnsandnlalasiauldandadiniuay
(TAP) uawit pH 8.0 uar 8.5 msnanlelaseulurrusninmanlalasaudes i pH 6.5
a'mﬁﬂwamlaimmulmquﬁmlmawamlmmmmammu (TAP) B¢ 24.19% waznanU3u
lelasiauazanls 35.15 pmol/meDW dvdanadesiunainuideuns Antal et al. (2016) 7
Anwllady pH danisudnlalnsiaulaunisnSsamsig Chlamydomonas reinhardtii u
dnnzusimandaes wuilamsie Chlamydomonas reinhardti aansandslalasiou
g9anil pH 6.5 uay 7.0

Pinuannanannallddinisidssamieiefuusnalalaseuwuussuy
waguamslimsudnlelasnuldaniissuunuudedies iesnnnisdivamisiasaisl]
g e lasuansesiiiemedanisuanlalasiay
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5.2 YaidusLug

- INN1INAABINATDY pH Aonsuinlalasiauluaiviiedilen Tetraspora sp.
CU2551 amﬂwlﬂummu pH A8 HCL uay NaOH awiiuldimavasnisudnlelnsiauilanlyl
A9uINtNaIN TAP ’Lumiwmaaaﬂ‘iamalﬂawmmwmammumlmLm gauvndl ALY
WE maamwau‘lunﬁﬂ’mﬂu pH Wiutwiwesiigag pH s q

s m:uﬁnwamlaiﬂ‘muimamqmamaalﬁluszmwimy&u (Pilot scale) Aisxuun13in
lalasiauseiBuuuiisuaims

- yhnsfamumaiudsuudas pH denauly

- imsanmnanduduves Universal Buffer tiegnisiadaiivlauazaiuannsaly
nsnanlalasiaureansie
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AMANUIN N

913 TAP (Tris Acetate Phosphate medium)
1. Prepare the solution 1-5 as following

1 [ Tris 24.20 100 10 20,000
NH,CI 3.75 7,000
2 | MgS0s.7H;0 1.00 250 25 830
CaCly.2H,0 0.50 450
, | KaHPO, 2.88 » ; 1,650
KH2POs 1.44 1,050
NaEDTA.2H;0 0.5000 134
ZnS0,.7H,0 | 0.2200 136
H3BO; 0.1140 184
MnCl5.4H,0 0.0500 40
4% - 10 1
FeS0..7H;0 0.0500 33
CoCl3.6H;0 0.0160 12
CuSOa.5H;0 0.0160 10
(NH)sM07034.4H,0 | 0.0077 4
5 | CH3COOH {conc.) - - 1mL 0.1% (V/V)

* Keep only in plastic container, and can be turned into red within 2 weeks. This stock can
still be used.
*** Store solution 1-4 in 4°C refrigerator ***
Pipatte solution 1-5 to 800 ml H,0, and add H,O up to 1000 ml.
(Optional) Prerare 1.5% TAP-agar medium using agar-agar powder.
Autoclave TAP medium (or TAP-agar medium) at 121 °C for 15 min.

mB e N

Keep satirized solution at room temperature, Or, pour plate after temperature
reach about 60 °C. (10 ug/mL Ampicillin can be added to inhibit bacterial
contamination)



9IU1T TAP-tris

1. Prepare the solution 2-5 as following

oy porene

34

1 | Tris 24.20 100 10 20,000
NH,CI 375 7,000

2 | MgS04.7H,0 1.00 250 25 830
CaClp.2H,0 0.50 450

, |[XatPO, 2.88 o ; 1,650
KH,POs 1.44 1,050
Na;EDTA.2H,0 0.5000 134
ZnS0,.7H,0 0.2200 136
H3B0s 0.1140 184
MnCl>.4H,0 0.0500 40

4% — : 10 1 :
FeS04.7H,0 0.0500 33
CoCl,.6H;0 0.0160 12
CuS0s.5H;0 0.0160 10
(NH4)sMo7036.4H,0 | 0.0077 4

5 | CH3;COOH (conc.) . ImL 0.1% (V/V)

* Keep only in plastic container, and can be turned into red within 2 weeks. This stock can

still be used.

*** Store solution 1-4 in 4°C refrigerator ***
2. Pipatte solution 2-5 to 300 ml H,0, and add H,0 up to 500 ml.
3. Autoclave TAP-tris medium at 121 °C for 15 min.

4. Keep satirized solution at room temperature. Or, pour plate after temperature
reach about 60 °C. (10 ug/mL Ampicillin can be added to inhibit bacterial

contamination)
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AMANUIN U

Universal Buffer

WIBNAITAZAY N5ABEARN (CH;COOH) nTAUD3N (HsBOs) nsanaanasn (HsPO,) A7
Wty 0.08 M U3u1s 1500 ml

wuslddnines 10 vam USums 150 mlL dhluuu pH deladeslansonles (NaOH) 1 M
\iold pH Aideants uduuSumsusiay pH 18U 200 mL

WuweNATady (Ampicillin) 1 ml pH/ul
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AMARNUIN A

nsAInNISHaRlalasLau
1. thituildnsmildannsmeasameanuduiuredslnneulumisfasas
NNINLINTFIY
2. iAanuuduvestalasiaulundisdesazundseuiisudunilelasiauly
nedadang
3. ialelastaulumbefaddnsundSeudeudualalasaulumhelulasiualay
Ananfianud 1 usseane fslelasiouiuiuns 22.4 Sadans wwdiouwi
Audsunadlalasiaw 1 Tua
4. vmiwiniwaduiainauns y=1.7159 lag y fie ArNsgANAULAST 730 uily
was ey x Ae thadnadustslumineiadndy
thlalasiouildumssinudilusegld Vualalasoudedalis
6. Wsnadlalasieusetalueiiliumuamsnssanlumie lulaslualalasioy
Aodadnduvaduiinadilu
FBEY
1. \flednlalasiau 0.4 mUldRuilénswAe 42.09318 mVis Tny A Aornadeiuiild
N319U89 4%standard mV.s
failuit A mVis asdutu 4%
iUl 42.09318 mV.s aududy (49%*42.49318 mV.s)/A mV.s = B%
2. elalanaulumiiefiaddng 100 8.4 ml A8 Viesspace + Vassuondae

U3ums 100 ml HUsunalalasian B ml

U3ms 8.4 ml dvsinalelasiau (B mi*8.4 mU)/100 ml = C ml
3. alglasulumbheglulaslua

Usuwms 224 L 1USad 1 mol

USums C ml fiU3uas (1 mol*0.022428 1)/22.4 L = D umol
4. ymihminwaduidluaming 5 ml

Y = 1.7915x

X =1(0.135/1.7915*5 ml = E mg
5. Ysmalelasiaunihelulasluasioiadndutminuiasadilag
Usiaulalasiau = (D umol/E mgDW)/4 hr = F umol/meDW/hr
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ATANUIN 9

1. naneaEliAveIsEEEN RS YAUInveIEINS Y

Between-Subjects Factors

N

trt2

trt1

6.5

7.5

8.5

12
18
24
30
36
42
48
54
73

33
33|
33
33
33
33
33
21
21
21
21
P
P |
21
21
21
21
21

37



Tests of Between-Subjects Effects

Dependent Variable:yield

38

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 15.0292 76 198 163.109 .000]
Intercept 52.395 1 52.395 4.322E4 .000
trt2 1.934 6 .322 265.849 .000
Jtrt1 12.424 10 1.242 1.025E3 .000
trt2 * trt1 671 60 011 9.226 .000
Error 187 154 .001
Total 67.611 231
Corrected Total 15.216 230

a. R Squared = .988 (Adjusted R Squared = .982)

Multiple Comparisons

yield
Tukey HSD
Mean Difference (I- 95% Confidence Interval

(1) trt2 (J) trt2 J) Std. Error Sig. Lower Bound Upper Bound

0 6.5 .017879 .0085720 .366 -.007732 .043489
¢ .002061 .0085720 1.000 -.023550 .027671
T .087727" .0085720 .000 062117 113338
8 .190303" .0085720 .000 .164693 215914
8.5 .196303" .0085720 .000 .170693 221914
9 2213032 .0085720 .000 .195723 .246944

6.5 0 -.017879 .0085720 .366 -.043489 .007732
7 -.015818 .0085720 .520 -.041429 .009792
7.5 .069848° .0085720 .000 .044238 .095459
8 172424 .0085720 .000 146814 .198035
85 178424 .0085720 .000 152814 .204035
9 .203455° .0085720 .000 177844 .229065

7 0 -.002061 .0085720 1.000 -.027671 .023550
6.5 .015818 .0085720 520 -.009792 .041429
7.5 .085667° .0085720 .000 .060056 111277
8 .188242" .0085720 .000 .162632 .213853
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8.5 194242° .0085720 .000 168632 219853
9 219273 .0085720 .000 .193662 .244883
7.5 0 -.087727 .0085720 .000 -.113338 -.062117
6.5 -.069848" .0085720 .000 -.095459 -.044238
7 -.085667" .0085720 .000 - 111277 -.060056
8 .102576" .0085720 .000 .076965 128186
8.5 .108576" .0085720 .000 .082965 134186
9 .133606° .0085720 .000 107996 159217
8 0 -.190303" .0085720 .000 -.215914 -.164693
6.5 - 172424 .0085720 .000 -.198035 -.146814
7 -.188242° .0085720 .000 -.213853 -.162632
75 -.102576" .0085720 .000 -.128186 -.076965
8.5 .006000 .0085720 .992 -.019610 .031610
9 .031030° .0085720 .007 .005420 .056641
8.5 0 -.196303" .0085720 .000 -.221914 -.170693
6.5 -178424 .0085720 .000 -.204035 -.152814
7 -.194242° .0085720 .000 -.219853 -.168632
i -.108576" .0085720 .000 -.134186 -.082965
8 -.006000 .0085720 992 -.031610 .019610
9 .025030 .0085720 .060 -.000580 .050641
9 0 -.221333° .0085720 .000 -.246944 -.195723
6.5 -.203455° .0085720 .000 -.229065 - 177844
7 -.219273° .0085720 .000 -.244883 -.193662
7.5 -.133606" .0085720 .000 -.169217 -.107996
8 -.031030° .0085720 .007 -.056641 -.005420
8.5 -.025030 .0085720 .060 -.050641 .000580

Based on observed means.

The error term is Mean Square(Error) = .001.

*. The mean difference is significant at the 0.05 level.



Homogeneous Subsets
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yield

Tukey HSD
Subset

trt2 N i 2 3 4
9 33 .357152
8.5 33 .382182 .382182
8 33 .388182
7.5 33 490758
I6.5 33 .560606
7 33 576424
0 33 .578485
Sig. .060 .992 1.000 .366

Means for groups in homogeneous subsets are displayed.

Based on observed means.

The error term is Mean Square(Error) = .001.

Multiple Comparisons

yield
Tukey HSD
Mean Difference (I- 95% Confidence Interval

(1) trt1 (J) trt1 J) Std. Error Sig. Lower Bound Upper Bound

0 6 -.034238 .0107455 .063 -.069352 .000875
12 -147714° .0107455 .000 -.182828 -.112601
18 -279714° .0107455 .000 -.314828 -.244601
24 -.302190° .0107455 .000 -.337304 -.267077
30 -.429238" .0107455 .000 -.464352 -.394125
36 -.458095° .0107455 .000 -.493209 -.422982
42 -.569571° .0107455 .000 -.604685 -.534458
48 -.571000 .0107455 .000 -606113 -.535887
54 -.626048" .0107455 .000 -.661161 -.580934
73 -.721000° .0107455 .000 -.756113 -.685887

Ie 0 .034238 .0107455 .063 -.000875 .069352
12 -.11347¢° .0107455 .000 -.148590 -.078363
18 -.245476° .0107455 .000 -.280590 -.210363
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24 -.267952° .0107455 .000 -.303066 -.232839
30 -.395000° .0107455 .000 -430113 -.359887
36 -.423857" .0107455 .000 -.458971 -.388744
42 -.535333" .0107455 .000 -.570447 -.500220
48 -.536762" .0107455 .000 -.571875 -.501648
54 -.591810° .0107455 .000 -.626923 -.556696
73 -.686762" .0107455 .000 -. 721875 -.651648
12 0 147714 .0107455 .000 .112601 .182828
6 .113476° .0107455 .000 .078363 .148590
18 -.132000 .0107455 .000 - 167113 -.096887
24 -.154476° .0107455 .000 -.189590 -.119363
30 -.281524° .0107455 .000 -.316637 -.24641 01
36 -.310381° .0107455 .000 -.345494 -.275267
42 -.421857 .0107455 .000 -.456971 -.386744
48 -.423286" .0107455 .000 -.458399 -.388172
54 -478333 .0107455 .000 -.513447 -.443220
73 -.573286 .0107455 .000 -.608399 -.5638172
18 0 .279714° .0107455 .000 .244601 .314828
6 .245476" .0107455 .000 .210363 .280590
12 .132000° .0107455 .000 .096887 167113
24 -.022476 .0107455 .585 -.057590 .012637
30 -.149524° .0107455 .000 -.184637 -.114410
36 -.178381° .0107455 .000 -.213494 -.143267
42 -.289857" .0107455 .000 -.324971 -.254744
48 -.291286" .0107455 .000 -.326399 -.256172
54 -.346333" 0107455 .000 -.381447 -.311220
73 -441286° .0107455 .000 -.476399 -.406172
24 0 .302190° .0107455 .000 .267077 337304
6 .267952" .0107455 .000 232839 .303066
12 154476’ .0107455 .000 119363 .189590
18 .022476 .0107455 .585 -.012637 .057590
30 -127048° .0107455 .000 -.162161 -.091934
36 -.155905" .0107455 .000 -.181018 -.120791
42 -.267381 .0107455 .000 -.302494 -.232267
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48 -.268810° .0107455 .000 -.303923 -.233696
54 -.323857" .0107455 .000 -.358971 -.288744
73 -.418810° .0107455 .000 -.453923 -.383696
30 0 .429238" .0107455 .000 394125 464352
6 .395000° .0107455 .000 .369887 430113
12 281524 .0107455 .000 .246410 .316637
18 .149524" .0107455 .000 114410 .184637
24 127048 .0107455 .000 .091934 .162161
36 -.028857 .0107455 216 -.063971 .006256
42 -.140333" .0107455 .000 - 175447 -.105220
48 -.141762" .0107455 .000 - 176875 -.106648
54 -.196810° .0107455 .000 -.231923 -.161696
73 -.291762° .0107455 .000 -.326875 -.256648
36 0 458095 .0107455 .000 422982 .493209
6 423857 .0107455 .000 .388744 458971
12 .310381° .0107455 .000 275267 .345494
18 .178381° .0107455 .000 143267 .213494
24 155905 .0107455 .000 120791 191018
30 .028857 .0107455 .216 -.006256 .063971
42 -111476° .0107455 .000 -.146590 -.076363
48 -.112905 .0107455 .000 -.148018 -.077791
54 -.167952° .0107455 .000 -.203066 -.132839
73 -.262905° .0107455 .000 -.298018 -.227791
42 0 569571 .0107455 .000 .534458 .604685
6 .535333" .0107455 .000 .500220 .570447
12 421857 .0107455 .000 .386744 456971
18 289857 .0107455 .000 .254744 .324971
24 267381 .0107455 .000 232267 .302494
30 140333’ .0107455 .000 105220 175447
36 111476 .0107455 .000 .076363 146590
48 -.001429 .0107455 1.000 -.036542 .033685
54 -.056476" .0107455 .000 -.091590 -.021363
73 -.151429° .0107455 .000 -.186542 -.116315
|48 0 571000 .0107455 .000 .535887 606113
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6 536762 .0107455 .000 501648 571875
12 423286 .0107455 .000 .388172 458399
18 .291286° .0107455 .000 .256172 326399
24 .268810° .0107455 .000 .233696 .303923
30 141762 .0107455 .000 .106648 176875
36 1129057 .0107455 .000 077791 .148018
42 .001429 .0107455 1.000 -.033685 .036542
54 -.055048" .0107455 .000 -.090161 -.019934
73 -.150000 .0107455 .000 - 185113 -.114887
54 0 .626048" .0107455 .000 .590934 .661161
6 .591810° .0107455 .000 .556696 .626923
12 478333 .0107455 .000 443220 .513447
18 .346333 .0107455 .000 311220 .381447
24 .323857" .0107455 .000 .288744 .358971
30 .196810° .0107455 .000 .161696 231923
36 167952 .0107455 .000 132839 .203066
42 .056476" .0107455 .000 .021363 .091590
48 .055048’ .0107455 .000 .019934 .090161
s -.094952° .0107455 .000 -.130066 -.059839
73 0 .721000° .0107455 .000 .685887 756113
6 .686762" .0107455 .000 .651648 721875
12 5673286’ .0107455 .000 .538172 .608399
18 441286 .0107455 .000 406172 476399
24 418810 .0107455 .000 .383696 453923
30 .291762" .0107455 .000 .256648 .326875
36 .262905" .0107455 .000 227791 .298018
42 151429’ .0107455 .000 116315 .186542
48 .150000° .0107455 .000 .114887 185113
54 .094952° .0107455 .000 .059839 .130066

Based on observed means.

The error term is Mean Square(Error) = .001.

*. The mean difference is significant at the 0,05 level.



Homogeneous Subsets

a4

yield

Tukey HSD
Subset

trt1 N 1 2 3 4 5 6 7
0 21 .100000
6 21 .134238
12 21 247714
18 21 379714
24 21 402190
30 21 .529238
36 21 .558095
42 21 .669571
48 21 671000
54 21 .726048
73 21 .821000
Sig. .063 1.000 .585 2186 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.

Based on observed means.

The error term is Mean Square(Error) = .001.



2. wansanfvesnsinusuialalasiaumiedSaaiiles

Between-Subjects Factors

N

22
trt1 27
44
48
53

6.5
7.0
trt2 7.5
8.0
8.5
9.0

21
21
21
21
21
21

21
21

21
21
21
21
21
21

Tests of Between-Subjects Effects

Dependent Variable: yield

Source Type Il Sum of df Mean Square E Sig.
Squares

Corrected Model 28414.4972 48 591.969 38.889 .000

Intercept 27043.823 1 27043.823 | 1776.634 .000

trt1 11428.131 6 1904.689 125.128 .000

trt2 11250.829 6 1875.138 123.186 .000

trt1 * trt2 5735.536 36 159.320 10.466 .000

Error 1491.751 98 15.222

Total 56950.071 147

Corrected Total 29906.247 146

a. R Squared = .950 (Adjusted R Squared = .926)

Estimated Marginal Means

1. Grand Mean

Dependent Variable: yield

Mean Std. Error 95% Confidence Interval
Lower Bound Upper Bound
13.564 D22 12.925 14.202

a5



2. trt1
Dependent Variable: yield
trt1 Mean Std. Error 95% Confidence Interval
Lower Bound Upper Bound

0 -4.197E-015 .851 -1.690 1.690

4 2.508E-015 .851 -1.690 1.690

22 15.487 .851 13.798 17.177

27 17.379 .851 15.689 19.068

44 18.777 .851 17.088 20.467

48 21.702 .851 20.012 23.391

53 21.600 .851 18.911 23.290

3. trt2
Dependent Variable: yield
trt2 Mean Std. Error 95% Confidence Interval
Lower Bound Upper Bound

.0 16.570 .851 14.881 18.260

6.5 19.982 .851 18.293 21.672

7.0 18.860 .851 171 20.550

7.5 22.273 .851 20.584 23.963

8.0 17.259 .851 15.569 18.948

8.5 -1.755E-015 .851 -1.690 1.690

9.0 1.961E-014 .851 -1.690 1.690

4, trt1 * trt2
Dependent Variable: yield
trt1 trt2 Mean Std. Error 95% Confidence Interval
Lower Bound Upper Bound

.0 -1.004E-014 2.253 -4.470 4.470
6.5 -6.490E-015 2.253 -4.470 4.470
7.0 -2.937E-015 2.253 -4.470 4.470

0 7.5 4.167E-015 2.253 -4.470 4.470
8.0 4.167E-015 2:253 -4.470 4.470
8.5 -8.204E-015 2.253 -4.470 4.470
9.0 -1.004E-014 2:253 -4.470 4.470
.0 1.967E-015 2.253 -4.470 4.470
6.5 1.967E-015 2.253 -4.470 4.470
7.0 5.520E-015 2.253 -4.470 4.470

4 7.5 9.073E-015 2.253 -4.470 4.470
8.0 2.328E-014 2.253 -4.470 4.470
8.5 2.184E-015 2.253 -4.470 4.470
9.0 -2.645E-014 2.263 -4.470 4.470

46



.0 24.380 2.253 19.910 28.850
6.5 26.956 2.253 22.486 31.426
7.0 22.944 2.253 18.474 27.414
22 7.5 22.185 2.253 17.714 26.655
8.0 11.947 2.253 7.477 16.417
8.5 -4.942E-015 2.253 -4.470 4.470
9.0 -9.841E-015 2.253 -4.470 4.470
.0 20.706 2.253 16.236 25177
6.5 29.122 2.253 24.652 33.592
7.0 26.991 2.253 22.521 31.461
27 7.5 29.524 25253 25.054 33.994
8.0 15.307 2.253 10.837 19.777
8.5 -5.731E-015 2.253 -4.470 4.470
9.0 -7.167E-015 2.253 -4.470 4.470
.0 22.584 2.253 18.114 27.054
6.5 25.951 2&53 21.481 30.421
44 7.0 24.881 2258 20.410 29.351
f &) 32.820 2.253 28.350 37.291
8.0 25.206 2.253 20.735 29.676
4. trt1 * trt2
Dependent Variable: yield
trt1 trt2 Mean Std. Error 95% Confidence Interval
Lower Bound Upper Bound
44 8.5 -4.916E-015 2.253 -4.470 4.470
9.0 -1.594E-014 2.253 -4.470 4.470
.0 24.756 2.253 20.286 29.227
6.5 29.289 2.253 24.819 33.759
7.0 29.656 2.253 25.186 34.126
48 7.5 36.490 2253 32.020 40.960
8.0 31.721 2283 27.251 36.191
8.5 -7.789E-015 2.253 -4.470 4470
9.0 -3.147E-015 2.253 -4.470 4.470
.0 23.566 2.253 19.096 28.036
6:5 28.558 2.253 24.088 33.028
7.0 27.550 2.253 23.080 32.020
53 7.5 34.895 2.253 30.425 39.365
8.0 36.632 2.253 32.162 41.102
8.5 1.711E-014 2.253 -4.470 4.470
9.0 2.099E-013 2.253 -4.470 4.470

a7



Dependent Variable: yield

Multiple Comparisons

a8

Tukey HSD
(I trt1 (J)trt1 | Mean Difference Std. Error Sig. 95% Confidence Interval
(I-J) Lower Bound Upper Bound
4 OE-9| 1.2040387542 1.000| -3.624719689 3.624719689
22 -15.487392050° | 1.2040387542 .000| -19.112111739 | -11.862672361
27 -17.378652250° | 1.2040387542 .000( -21.003371939| -13.753932561
° 44 -18.777364627" | 1.2040387542 .000| -22.402084316 | -15.152644938
48 -21.701773569" | 1.2040387542 .000| -25.326493258| -18.077053880
53 -21.600105711"|  1.2040387542 .000| -25.224825400| -17.975386022
0 OE-9| 1.2040387542 1.000( -3.624719689 3.624719689
22 -15.487392050"| 1.2040387542 .000| -19.112111739| -11.862672361
27 -17.378652250" |  1.2040387542 .000| -21.003371939| -13.753932561
* 44 -18.777364627" | 1.2040387542 .000 | -22.402084316| -15.152644938
48 -21.701773569° |  1.2040387542 .000| -25.326493258| -18.077053880
53 -21.6001057117| 1.2040387542 .000| -25.224825400| -17.975386022
15.487392050° | 1.2040387542 .000| 11.862672361| 19.112111739
4 15.487392050" | 1.2040387542 .000( 11.862672361| 19.112111739
27 -1.891260201 | 1.2040387542 ) -5.515979890 1.733459488
- 44 -3.289972577 |  1.2040387542 .101 -6.914692266 334747112
48 -6.214381520°|  1.2040387542 .000| -9.839101209| -2.589661831
53 -6.112713662" 1.2040387542 .000 -9.737433351 -2.487993973
17.378652250" | 1.2040387542 .000] 13.753932561| 21.003371939
4 17.378652250" | 1.2040387542 .000| 13.753932561| 21.003371939
22 1.881260201| 1.2040387542 701 -1.733459488 5515979890
27 44 -1.398712376 1.2040387542 .907 -5.023432065 2.226007313
48 -4.323121319"|  1.2040387542 009 -7.947841008 -.698401630
53 -4.221453461° 1.2040387542 .012 -7.846173150 -.596733772
18.777364627" 1.2040387542 .000 15.152644938 | 22.402084316
18.777364627" 1.2040387542 .000 15152644938 | 22.402084316
22 3.289972577 1.2040387542 101 -.334747112 6.914692266
44 27 1.398712376 1.2040387542 .907 -2.226007313 5.023432065
48 -2.924408942 1.2040387542 .198 -6.549128631 .700310747
53 -2.822741085 1.2040387542 .234 -6.447460774 .801978604
21.701773569" 1.2040387542 .000 18.077053880 | 25.326493258
48 4 21.701773569" 1.2040387542 .000 18.077053880 | 25.326493258
22 6.214381520°| 1.2040387542 .000 2.589661831 9.839101209




Dependent Variable: yield

Multiple Comparisons

49

Tukey HSD
() trt1 (J) trt1 | Mean Difference Std. Error Sig. 95% Confidence Interval
(I-J) Lower Bound | Upper Bound
48 27 4.323121319| 1.2040387542 .009 .698401630 7.947841008
44 2.924408942° [ 1.2040387542 .198 -.700310747 6.549128631
53 .101667858"| 1.2040387542 1.000 -3.523051831 3.726387547
21.6001057117| 1.2040387542 .000( 17.975386022| 25.224825400
4 21.600105711"| 1.2040387542 .000| 17.975386022 | 25.224825400
22 6.112713662° [ 1.2040387542 .000 2.487993973 9.737433351
= 27 4.221453461 | 1.2040387542 .012 586733772 7.846173150
44 2.822741085° 1.2040387542 234 -.801978604 6.447460774
48 -.101667858" |  1.2040387542 1.000 -3.726387547 3.523051831
Based on observed means.
The error term is Mean Square(Error) = 15.222.
*. The mean difference is significant at the .05 level.
Homogeneous Subsets
yield
Tukey HSD
trt1 N Subset
1 2 3
21 0E-9
4 21 0E-9
22 24 15.487392050
27 A 17.378652250
44 21 18.777364627 | 18.777364627
53 21 21.600105711
48 21 21.701773569
Sig. 1.000 101 .198

Means for groups in homogeneous subsets are displayed.

Based on observed means.

The error term is Mean Square(Error) = 15.222,

a. Uses Harmonic Mean Sample Size = 21.000.

b. Alpha = .05.




Dependent Variable: yield

Multiple Comparisons

50

Tukey HSD
(htrt2  (J)trt2 | Mean Difference Std. Error Sig. 95% Confidence Interval
(I-J) Lower Bound Upper Bound
6.5 -3.411975827  1.2040387542 .079 -7.036695516 .212743862
7.0 -2.289900723 | 1.2040387542 .484 -5.914620412 1.334818966
75 -5.703001406"| 1.2040387542 .000 -9.327721095| -2.078281717
0 8.0 -.688558716 | 1.2040387542 .997 -4.313278405 2.936160973
8.5 16.570370307" | 1.2040387542 .000| 12.945650618| 20.195089996
9.0 16.570370307"| 1.2040387542 .000| 12.945650618| 20.195089996
.0 3.411975827 | 1.2040387542 .079 -.212743862 7.036695516
7.0 1.122075104 | 1.2040387542 .966 -2.502644585 4.746794793
.5 -2.291025579 1.2040387542 483 -5.915745268 1.333694110
o 8.0 2723417110 1.2040387542 273 -.901302579 6.348136799
8.5 19.982346134" | 1.2040387542 .000| 16.357626445| 23.607065823
9.0 19.982346134" | 1.2040387542 .000| 16.357626445| 23.607065823
0 2.289900723 1.2040387542 .484 -1.334818966 5.914620412
SR -1.122075104 1.2040387542 .966 -4.746794793 2.502644585
7.5 -3.413100683 | 1.2040387542 .079 -7.037820372 .211619006
i 8.0 1.601342007 | 1.2040387542 .836 -2.023377682 5.226061696
8.5 18.860271030°|  1.2040387542 .000| 15.235551341| 22.484990719
9.0 18.860271030" | 1.2040387542 .000| 15235551341 22.484990719
.0 5703001406 | 1.2040387542 .000 2.078281717 9.327721095
6.5 2.291025579 1.2040387542 .483 -1.333694110 5.915745268
7.0 3.413100683 | 1.2040387542 .079 -.211619006 7.037820372
fe 8.0 5.014442690°| 1.2040387542 .001 1.389723001 8.639162379
8.5 22273371713 1.2040387542 .000 18.648652024 | 25.898091402
9.0 22.273371713"| 1.2040387542 000 18.648652024 | 25.898091402
.0 .688558716 1.2040387542 .997 -2.936160973 4.313278405
B.5 -2.723417110 1.2040387542 273 -6.348136799 .901302579
7.0 -1.601342007 1.2040387542 .836 -5.226061696 2.023377682
50 7.5 -5.014442690°| 1.2040387542 .001 -8.639162379 -1.389723001
8.5 17.258929023" 1.2040387542 .000 13.634209334 | 20.883648712
9.0 17.258929023" 1.2040387542 .000 13.634209334 | 20.883648712
.0 -16.570370307" 1.2040387542 .000| -20.195089996 | -12.945650618
8.5 6.5 -19.982346134" 1.2040387542 .000| -23.607065823| -16.357626445
7.0 -18.860271030° 1.2040387542 .000| -22.484990719| -15.235551341




sl

(Htrt2  (J)trt2 | Mean Difference Std. Error Sig. 95% Confidence Interval
(I-J) Lower Bound Upper Bound

8.5 7.5 -22.273371713 | 1.2040387542 .000| -25.898091402| -18.648652024
8.0 -17.258929023  1.2040387542 .000| -20.883648712| -13.634209334
9.0 O0E-9"| 1.2040387542 1.000 -3.624719689 3.624719689
.0 -16.570370307 | 1.2040387542 .000| -20.195089996 | -12.945650618
6.5 -19.982346134" | 1.2040387542 .000| -23.607065823| -16.357626445
7.0 -18.860271030"| 1.2040387542 .000| -22.484990719| -15.235551341

= 7.5 -22.273371713 | 1.2040387542 .000( -25.898091402 | -18.648652024
8.0 -17.258929023 | 1.2040387542 .000| -20.883648712| -13.634209334
8.5 OE-9[ 1.2040387542 1.000 -3.624719689 3.624719689

Based on observed means.

The error term is Mean Square(Error) = 15.222.

*. The mean difference is significant at the .05 level.

Homogeneous Subsets

yield
Tukey HSD
trt2 N Subset
{ 2 8

8.5 21 0E-9

9.0 21 0E-9

.0 21 16.570370307

8.0 21 17.258929023

7.0 21 18.860271030| 18.860271030

6.5 21 19.982346134 | 19.982346134

7.5 21 22.273371713

Sig. 1.000 .079 .079

Means for groups in homogeneous subsets are displayed.

Based on observed means.

The error term is Mean Square(Error) = 15.222.

a. Uses Harmonic Mean Sample Size = 21.000.
b. Alpha = .05.
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Between-Subjects Factors

N

22
trt1 27
44
48
53

6.5
7.0
trt2 7.5
8.0
8.5
9.0

21
21
21
21
21
21

21
21

21
21
21
21
21
21

Tests of Between-Subjects Effects

Dependent Variable: yield

Source Type Ill Sum of df Mean Square F: Sig.
Squares
Corrected Model 40394.986° 48 841.562 66.323 .000
Intercept 52997.189 52997.189  4176.661 .000
trt1 23040.071 6 3840.012 302.628 .000
trt2 10049.586 1674.931 132.000 .000
trt1 * trt2 7305.329 36 202.926 15.992 .000
Error 1243.511 98 12.689
Total 94635.686 147
Corrected Total 41638.497 146
a. R Squared = .970 (Adjusted R Squared = .956)
Estimated Marginal Means
1. Grand Mean
Dependent Variable: yield
Mean Std. Error 95% Confidence Interval
Lower Bound Upper Bound
18.987 .294 18.404 19.571

52



2. trt1
Dependent Variable: yield
trt1 Mean Std. Error | 95% Confidence Interval
Lower Bound Upper Bound
3.101E-016 AT -1.543 1.543
-5.912E-015 T77 -1.543 1.543

22 20177 TTT 18.635 21.720

27 23.020 J77 21.477 24.562

44 30.463 JTT 28.921 32.006

48 30.056 T77 28.514 31.599

53 29.196 T77 27.653 30.738

3. trt2
Dependent Variable: yield
trt2 Mean Std. Error 95% Confidence Interval
Lower Bound Upper Bound

.0 20.647 R 19.104 22.189

6.5 26.042 e 24.499 27.584

7.0 18.995 T77 17.453 20.538

75 21.422 J77 19.879 22.964

8.0 26.706 T77 25.163 28.248

85 19.101 J77 17.558 20.643

9.0 -4.273E-014 BT L -1.543 1.543

4. trt1 * trt2
Dependent Variable: yield
trt1 trt2 Mean Std. Error 95% Confidence Interval
Lower Bound Upper Bound

.0 7.416E-015 2.057 -4.081 4.081
6.5 1.807E-014 2.057 -4.081 4.081
7.0 3.105E-016 2.057 -4.081 4.081

0 7.5 3.105E-016 2.057 -4.081 4.081
8.0 -3.244E-015 2.057 -4.081 4.081
8.5 3.861E-015 2.057 -4.081 4.081
9.0 -2.456E-014 2.057 -4.081 4.081
.0 1.702E-015 2.057 -4.081 4.081
6.5 5.256E-015 2,057 -4.081 4.081

4 7.0 -5.404E-015 2.057 -4.081 4.081
7.5 -1.851E-015 2.057 -4.081 4.081
8.0 -1.849E-015 2.057 -4.081 4.081
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8.5 1.236E-014 2.057 -4.081 4.081
9.0 -5.159E-014 2.057 -4.081 4.081
.0 25.589 2.057 21.507 29.670
6.5 33.347 2.057 29.265 37.428
7.0 29.018 2.057 24.936 33.099
22 7.5 24127 2.057 20.046 28.209
8.0 19.810 2.057 15.729 23.892
8.5 9.351 2.057 5.270 13.433
9.0 -4.035E-014 2.057 -4.081 4.081
.0 28.300 2.057 24219 32.381
6.5 35.146 2.057 31.064 39.227
7.0 28.897 2.057 24.816 32.978
27 7.5 30.187 2.057 26.106 34.268
8.0 24742 2.057 20.661 28.824
8.5 13.865 2.057 9.784 17.947
9.0 -5.623E-014 2.057 -4.081 4.081
.0 84,837 2.057 27.256 35.418
6.5 39.153 2.057 35.072 43.235
44 .0 27.996 2.057 23.915 32.077
7.0 34.395 2.057 30.314 38.477
8.0 47.634 2.057 43.553 51.716
4. trt1 * trt2
Dependent Variable: yield
trt1 trt2 Mean Std. Error 95% Confidence Interval
Lower Bound Upper Bound
44 8.5 32.728 2.057 28.646 36.809
9.0 -4.470E-014 2.057 -4.081 4.081
.0 30.970 2.057 26.889 35.051
6.5 37.771 2.057 33.690 41.852
7.0 25212 2.057 21.130 29.293
48 7.5 30.901 2.057 26.819 34.982
8.0 47.604 2.057 43.523 51.685
8.5 37.936 2.057 33.855 42.017
9.0 -3.774E-014 2.057 -4.081 4.081
.0 28.333 2.057 24.251 32.414
6.5 36.875 2.057 32,794 40.956
7.0 21.845 2.057 17.764 25.927
B3 7.5 30.343 2.057 26.261 34.424
8.0 47.150 2.057 43.069 51.231
8.5 39.825 2.057 35.744 43.907
9.0 -4.394E-014 2.057 -4.081 4.081
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Dependent Variable: yield

Multiple Comparisons

55

Tukey HSD
(htrt1  (J)trt1 | Mean Difference Std. Error Sig. 95% Confidence Interval
(I-J) Lower Bound Upper Bound
4 0E-9| 1.0993023088 1.000 -3.309414011 3.309414011
22 -20.177463884"| 1.0993023088 .000| -23.486877895| -16.868049873
27 -23.019609000°| 1.0993023088 .000( -26.329023011| -19.710194989
: 44 -30.463355353"|  1.0993023088 .000( -33.772769364 | -27.153941342
48 -30.056203937"| 1.0993023088 .000| -33.365617948 | -26.746789926
53 -29.195856830"| 1.0993023088 .000 | -32.505270841| -25.886442819
0 OE-9| 1.0993023088 1.000 -3.309414011 3.309414011
22 -20.177463884" [ 1.0993023088 .000| -23.486877895| -16.868049873
27 -23.019609000" |  1.0993023088 .000| -26.329023011| -19.710194989
¢ 44 -30.463355353"|  1.0993023088 000 -33.772769364 | -27.153941342
48 -30.056203937° |  1.0993023088 .000| -33.365617948 | -26.746789926
53 -29.195856830"| 1.0993023088 .000| -32.505270841| -25.886442819
0 20.177463884" | 1.0993023088 .000| 16.868049873| 23.486877895
4 20.177463884"| 1.0993023088 .000 | 16.868049873| 23.486877895
27 -2.842145115| 1.0993023088 142 -6.151559126 467268896
2 44 -10.285891469" | 1.0993023088 .000| -13.595305480| -6.976477458
48 -9.878740053"| 1.0993023088 .000( -13.188154064 | -6.569326042
a3 -9.018392945™ | 1.0993023088 .000| -12.327806956 | -5.708978934
23.019609000° 1.0993023088 .000 19.710194989 | 26.329023011
23.019609000° | 1.0993023088 .000( 19.710194989 | 26.329023011
22 2.842145115( 1.0993023088 142 -.467268896 6.151559126
= 44 -7.443746353" | 1.0993023088 000 -10.753160364 | -4.134332342
48 -7.036594938" (  1.0993023088 .000| -10.346008949 | -3.727180927
53 -6.176247830"| 1.0993023088 .000 -9.485661841 -2.866833819
30.463355353"| 1.0993023088 .000 | 27.153941342| 33.772769364
4 30.463355353" 1.0993023088 .000 27.153941342 | 33.772769364
22 10.285891469" 1.0993023088 .000 6.976477458 | 13.595305480
4 27 7.443746353" 1.0993023088 .000 4.134332342 10.753160364
48 407151416 1.0993023088 1.000 -2.902262595 3.716565427
53 1.267498523 | 1.0993023088 .910 -2.041915488 4.576912534
0 30.056203937" 1.0993023088 .000 26.746789926 | 33.365617948
48 4 30.056203937" 1.0993023088 .000 26.746789926 | 33.365617948
22 9.878740053" 1.0993023088 .000 6.569326042 13.188154064
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(D trt1  (J)trt1 | Mean Difference Std. Error Sig. 95% Confidence Interval
(I-J) Lower Bound Upper Bound
48 27 7.036594938 | 1.0993023088 .000 3.72718092/| 10.346008949
44 -407151416"| 1.0993023088 1.000 -3.716565427 2.902262595
53 .860347108" | 1.0993023088 .986 -2.449066903 4.169761119
29.195856830° | 1.0993023088 .000| 25.886442819| 32.505270841
4 29.195856830°| 1.0993023088 .000| 25.886442819| 32.505270841
22 9.018392945"| 1.0993023088 .000 5.708978934 | 12.327806956
>3 27 6.176247830| 1.0993023088 .000 2.866833819 9.485661841
44 -1.267498523"( 1.0993023088 .910 -4.576912534 2.041915488
48 -.860347108"| 1.0993023088 .986 -4.169761119 2.449066903
Based on observed means.
The error term is Mean Square(Error) = 12.689.
*. The mean difference is significant at the .05 level.
Homogeneous Subsets
yield
Tukey HSD
trt1 N Subset
1 2 3
21 OE-9
4 21 0E-9
22 21 20177463884
27 21 23.019609000
53 21 29.195856830
48 21 30.056203937
44 21 30.463355353
Sig. 1.000 142 .910

Means for groups in homogeneous subsets are displayed.

Based on observed means.

The error term is Mean Square(Error) = 12.689.

a. Uses Harmonic Mean Sample Size = 21.000.
b. Alpha = .05.




Dependent Variable: yield

Multiple Comparisons

L

Tukey HSD
(htrt2  (J)trt2 | Mean Difference Std. Error Sig. 95% Confidence Interval
(I-J) Lower Bound | Upper Bound
6.5 -5.394819656" | 1.0993023088 .000 -8.704233667 | -2.085405645
7.0 1.651425135| 1.0993023088 743 -1.657988876 4.960839146
7.5 - 774993716 | 1.0993023088 .992 -4.084407727 2.534420295
0 8.0 -6.059014310"| 1.0993023088 .000 -9.368428321 -2.749600299
8.5 1.545966975| 1.0993023088 797 -1.763447036 4.855380986
9.0 20.646842239" 1.0993023088 .000 17.337428228 | 23.956256250
.0 5.394819656" |  1.0993023088 .000 2.085405645 8.704233667
7.0 7.046244790° | 1.0993023088 .000 3.736830779| 10.355658801
75 4.619825940° |  1.0993023088 .001 1.310411929 7.929239951
= 8.0 -664194654 | 1.0993023088 .997 -3.973608665 2.645219357
8.5 6.940786630° | 1.0993023088 .000 3.631372619| 10.250200641
9.0 26.041661894" | 1.0993023088 .000| 22.732247883| 29.351075905
.0 -1.651425135( 1.0993023088 743 -4.960839146 1.657988876
6.5 -7.046244790° 1.0993023088 .000| -10.355658801 -3.736830779
7.5 -2.426418851 | 1.0993023088 .301 -5.735832862 .882995160
"0 8.0 -7.710439444"|  1.0993023088 .000| -11.019853455| -4.401025433
8.5 -.105458160 | 1.0993023088 1.000 -3.414872171 3.203955851
9.0 18.995417104" [  1.0993023088 .000( 15.686003093| 22.304831115
.0 774993716 | 1.0993023088 .992 -2.534420295 4.084407727
B%5 -4.619825940° 1.0993023088 .001 -7.929239951 -1.310411929
7.0 2.426418851| 1.0993023088 .301 -.882995160 5.735832862
7o 8.0 -5.284020593" |  1.0993023088 .000 -8.593434604 | -1.974606582
8.5 2.320960691 | 1.0993023088 .354 -.988453320 5630374702
9.0 21.421835955" 1.0993023088 .000 18.112421944 | 24.731249966
.0 6.059014310° 1.0993023088 .000 2.749600299 9.368428321
6.5 664194654 | 1.0993023088 .997 -2.645219357 3.973608665
7.0 7.710439444° | 1.0993023088 .000 4.401025433 | 11.019853455
o b 5.284020593" 1.0993023088 .000 1.974606582 8.593434604
8.5 7.604981284" 1.0993023088 .000 4.295567273 | 10.914395295
9.0 26.705856548"| 1.0993023088 000 23.396442537| 30.015270559
.0 -1.545966975| 1.0993023088 797 -4.855380986 1.763447036
8.5 6.5 -6.940786630° 1.0993023088 .000| -10.250200641 -3.631372619
7.0 .105458160 1.0993023088 1.000 -3.203955851 3.414872171
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(Htrt2  (J)trt2 | Mean Difference Std. Error Sig. 95% Confidence Interval
(I-J) Lower Bound | Upper Bound

8.5 7.5 -2.320960691"| 1.0993023088 354 -5.630374702 .988453320
8.0 -7.604981284 | 1.0993023088 .000| -10.914395295| -4.295567273
9.0 19.100875264 | 1.0993023088 .000( 15.791461253| 22.410289275
.0 -20.646842239"| 1.0993023088 .000| -23.956256250| -17.337428228
6.5 -26.041661894 | 1.0993023088 .000( -29.351075905| -22.732247883
7.0 -18.995417104"| 1.0993023088 .000| -22.304831115| -15.686003093

e 7.5 -21.421835955"|  1.0993023088 .000| -24.731249966 | -18.112421944
8.0 -26.705856548" | 1.0993023088 .000| -30.015270559 | -23.396442537
8.5 -19.100875264" |  1.0993023088 .000| -22.410289275| -15.791461253

Based on observed means.

The error term is Mean Square(Error) = 12.689.

*. The mean difference is significant at the .05 level.

Homogeneous Subsets

yield
Tukey HSD
trt2 N Subset
1 2 3

9.0 21 0E-9

7.0 21 18.995417104

8.5 21 19.100875264

.0 21 20.646842239

£.5 21 21.421835955

6.5 21 26.041661894

8.0 21 26.705856548

| Sig. 1.000 .301 .997

Means for groups in homogeneous subsets are displayed.

Based on observed means.

The error term is Mean Square(Error) = 12.689.

a. Uses Harmonic Mean Sample Size = 21.000.
b. Alpha = .05.






