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Research Title: Efficacy of Trichoderma harzianum Bio-product on the Microgreens
Vegetable Production
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ABSTRACT

The efficacy of Trichoderma harzianum bio-product, seed soaking time and aeration
were studied on the microgreen production (kaiware, sunflower and toumyou sprout).
Seeds of radish, sunflower and green pea were soaked in spore suspension of T.
harzianum bio-product (2)(108 Log CFU/g WP) at 0 (control), 5, 10 and 15 g/l for 6, 12 and
24 hours in combination with non-aeration and aeration in suspension. The results
showed that 7. harzianum bio-product was significant the effective on the infected
sunflower, green pea seed by fungi and significant on shoot and root length of toumyou
and root length of kaiwara. However, T. harzianum bio-product was no significant on seed
germination, speed germination, fresh and dry weight of shoot and root of all tested seed.
Moreover, seed soaking time was significant the effective on the infected seed by
bacteria, root length, seed germination, speed germination.

Keywords: sprout, microgreen, Trichoderma bio-product
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Percentage of moisture content of radish, sunflower and green pea

seeds for microgreen production

Percentage of infected seed by fungi and bacteria on water agar for 5
days for kaiware production after soaked in suspension of
Trichoderma harzianum bio-product at 0, 5, 10 and 15g/l combined
with aeration and non-aeration for 6, 12, and 24 hr.

Percentage of infected seed by fungi and bacteria on water agar for 5
days for sunflower sprout production after soaked in suspension of
Trichoderma harzianum bio-product at 0, 5, 10 and 15 g/l combined
with aeration and non-aeration for 6, 12, and 24 hr.

Percentage of infected seed by fungi and bacteria on water agar for 5
days for toumyou production after soaked in suspension of
Trichoderma harzianum bio-product at 0, 5, 10 and 15¢/l combined
with aeration and non-aeration for 6, 12, and 24 hr.

Germination of radish seed for kaiware production after soaked in
suspension of Trichoderma harzianum bio-product at 0, 5, 10 and
15¢/l combined with aeration and non-aeration for 6, 12, and 24 hrs.
by between paper method.

Germination of sunflower sprout for  production after soaked in
suspension. of Trichoderma harzianum bio-product at 0, 5, 10 and
15¢/l combined with aeration and non-aeration for 6, 12, and 24 hrs.

by between paper method

Germination of toumyou seed for production after soaked in
suspension of Trichoderma harzianum bio-product at 0, 5, 10 and
15¢/\ combined with aeration and non-aeration for 6, 12, and 24 hrs.

by between paper method.

Speed of germination (seedling/day) of radish seed after soaked in
suspension of Trichoderma harzianum bio-product at 0, 5, 10 and 15
g/l combined with aeration time for 6, 12 and 24 hr

Length of shoot and root of kaiware product after soaked in
suspension of Trichoderma harzianum bio-product at 0, 5, 10 and
15¢/l combined with aeration and non-aeration for 6, 12, and 24 hr.
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Length of shoot and root of sunflower sprout product after soaked in
suspension of Trichoderma harzianum bio-product at 0, 5, 10 and
15¢/| combined with aeration and non-aeration for 6, 12, and 24 hr.
Length of shoot and root of toumyou product after soaked in
suspension of Trichoderma harzianum bio-product at 0, 5, 10 and
15¢/l combined with aeration and non-aeration for 6, 12, and 24 hr.
Effect of aeration and non-aeration in spore suspension of
Trichoderma bio-product at 0, 5, 10, and 15 ¢/l for 6, 12, and 24 hrs.on
TSS of kawale.

Effect of aeration ~and non-aeration in spore suspension of
Trichoderma bio-product at 0, 5, 10, and 15 ¢/l for 6, 12, and 24 hrs.on
fresh weight of kawale.

Effect of aeration and non-aeration in  spore suspension of
Trichoderma bio-product at 0, 5, 10, and 15 g/l for 6, 12, and 24 hrs.on
dry weight of kawale.

Effect of aeration and non-aeration in  spore suspension of
Trichoderma bio-product at 0, 5, 10, and 15 g/t for 6, 12, and 24 hrs.
on TSS of sunflower sprout.
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Effect of aeration ‘and non-aeration in spore - suspension of
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Effect of aeration and non-aeration in spore suspension of
Trichoderma bio-product at 0, 5, 10, and 15 ¢/l for 6, 12, and 24 hrs.on
TSS of Green peas

Effect of aeration and non-aeration in spore suspension of
Trichoderma bio-product at 0, 5, 10, and 15 ¢/l for 6, 12, and 24 hrs.on
fresh weight of Green peas
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Characteristic of green pea seed for toumyou production
Characteristic of sunflower seed for sunflower sprout
Characteristic of radish seed for kaiwala production
Characteristic of alfalfa seed for alfalfa production
Characteristics of Trichoderma harzianum

Characteristics of radish seeds (A), sunflower seeds (B), and green pea

seeds (C) for microgreen production in this study.

Colonies growth of bacteria {A) and fungi (B) culture on water agar for
5 days in infected seed for kaiware production after soaked in
suspension of Trichoderma harzianum bio-product at 0, 5, 10 and 15
g/l combined with aeration and non-aeration for 6, 12 and 24 hr

Colonies growth of bacteria (A) and fungi (B) culture on water agar for
5 days in infected seed for sunflower sprout production after soaked
in suspension of Trichoderma harzianum bio-product at 0, 5, 10 and
15 g/l combined with aeration and non-aeration for 6, 12 and 24 hr.

Colonies growth of fungi (B) and bacteria (A) culture on water agar for
5 days in infected seed for toumyou production after soaked in
suspension of Trichoderma harzianum bio-product at 0, 5, 10 and 15
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Seedling characteristics of kaiware sprouts; normal seedling (A),
abnormal seedling (B) diseases seedling (C) and dead seed (D).
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2.1 anlulasn3u (Microgreens)

21N5I8IUTBS Treadwell et al. (2010) uvaumIneds Florida naninlulasniudy
figiturauls (new specialty crop) uaginendsinums wiwmiing dy Kentucky (2012) leiadune
aumurgvadlilasniu 31 Wuieiiiuielussesdundriiiluadusn dudidaludming
Usznaudie a19u, cotyledons (seed leaves), wazlua3i8ouvoIny wBNNLE AT
AImINeAdsAdaiu fe “sprouts” Teenlufiiiiuisdlurisiuseusresdniiusen adl
pgfiufduasivundnniilulasniu daudiin “baby greens” asfiongiiuifsauaziivuin
wnndlilasndy dedisvaninsdaforiu dmiudnlunduiidauingasnuinmedmitsamns
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deherinuviiavasngululasniuindadunsiludszmdlne

1. T#awilea (pea sprouts, Toumyou)

Apfugaute Eataduwn (Pisum sativurn) Wanesa Figure 2.1 T8mileniinfiud
warinfludgs dsmmdniisasniedesliuinnit waadon uasveavieda Aududnan wie
Usznavanmsldl v dnlwied dads Aadar AavaniAn davynseu Hevydulisaniiviuuas
nssuwilouiindadunn Fmededadummieifamiier $9 Auadadduniarein uith
4 1 Au shdafeiuimeuisyidoutudssnm 3 Alumpusiiosgiudsamingn
waziiu Wuaweszna 10 u sendiudduseudom Tulsududdesou dofaudrsmi
deluisesq annsadnlden 2-3 sev

el

Figure 2.1 Characteristic of green pea seed for toumnyou production

(hitp://www.thaicityfarm.com)

2. Audaunmunaziu (Sunflower Sprout)
FusaumumSuseniidduiiies Tueau uanadi Fieure 2.2 uarlufiunnasninasie
wWaenveswdneen WUsiugs fnfiuie uagdnfiudgs Urgsanent Awssauasyzasnus i
i § 1 T 6 Tow 3 Towd 6 Tewf 9 etshgueadauas dJasiulspauandon (Faly



wed) uarsmmangs imrlunnimanafnlsewdanuny Juasluindewdalin TseTagugnile
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miuda nauwdaniunziu saiiligu dnanalilunsy sadr uas 3 A% Ussanm 4-5 Tu ua

ARYLNN1ENUARTINILTIMTY 1Pnan 1.2 Yu 2wld donsudnihuneenuanasduazduly
sy Wansu 5-6 Tu dumussTuseniauysainiauasiy

Figure 2.2 Characteristic of sunflower seed for sunflower sprout

3. la7use (Radish sprout, Kaiware)
filunay duen wansfanmit 23 nduguila Wundsenvesudavininnme gau
fhearsiaumetaa lnalales (keempferol slycosides) atsiadugiidnumiu uazduuzisa 2
finmavess g luaaeiinen Aelindauiion 21 usas?/ 100 n¥u TuvaAlilnunadougad
600 un./ 100 ¥y FsUinaiwuvadsudiasiiibininnietofugiisumuliivinmelugn
manils dsenlassiindmielugweiniiin

Figure 2.3 Characteristic of radish seed for kaiwala production

(http://baipak.weloveshopping.com)



4. danan (Alfalfa sprout) Wanwia Figure 2.4

Fusendattavgnlagliléiu vssqlundemanain liamethiuwinduse aneglium
2 o1ind digafiulugiduin seSedliuks sheenlauuaniviuas 15 wifl Wuiivlunszga
Family Leguminosae wuiidaflas gnugniluaiusnluesiBe deuiie 500 U deuatanna
iimailudgrlunie mmiuffinsveismsvgnidesin aunsevidudl 1854 Idfimsihluugnly
San Francisco UssinAanigaining

R g

Figure 2.4 Characteristic of alfalfa seed for alfalfa production

2.2 Lﬁaﬁ Trichoderma spp.
Sasuunidas Trichoderma (Rifai, 1969)
\e Trichoderma neglu
Kingdom: Fungi
Phylum: Ascomycota
Class: Euascomycetes
Order: Hypocreales

Family: Hypocreaceae

Genus: Trichoderma



Figure 2.5 Characteristics of Trichoderma harzianum. (Benitez et al. 2004)

Uselswivaadan Trichoderma spp. (Bilai, 1963; 35sia% wazassasila, 2542)
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\§o31 Trichoderma spp.. LatBRug Awnsaasianssuvendaawvnlsnfiv navie
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denalifanssuierfunisveneiusanas venvniilunsdifielsaddadnihanesnfivviodiu
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1.1 msiulsan (parasitism) W31 Trichoderma uwawﬁ'uﬁtfluﬂg“ﬂnﬂﬂamwim%a
Tsrity Tasmsiuga udundutesdulodiluneludulovendesaummlsafivilidulome
@suavuazasiaila, 2542) Wemiannsaiydendouuudsawmmlsaivlagerfzemisan
Weaumnlsn 13an91 lulausan (mycoparasite) nsludsdnveaden Trichoderma spp. W
msasradulawigiuseu 9 Lz'i'u'lmaat%ammauaseiuaulﬁﬁ B-1,3-glucanase uaz chitinase
Lﬁa%aiaaaa"nanﬁmaéﬂam.‘iamma (5zdnd, 2544)

- 1 - as o - i : w
Pill et al. (2011) wiauw1INe1d8 Delaware @WITOLUTNT TN Trichoderma
harzianum wag T. virens @wnsoaanisiialsa damping off Fufnanideaws Pythium
aphanidermatum Tunsuandnlulasniu table beets (Beta vulgaris L)
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1.2 m3utedu (competition) ﬂalnwﬁwaqmsﬁﬂaw?éﬂﬁﬂﬂémmmﬁuﬁamﬂmmm
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L*tiammmi'iﬂw'u"l.mﬂamiwsfuwnmﬂLwaﬂiaurﬂauwuma u.a'ammi Wan1sanssinnauide

-

mmm‘[mwmvmimm'uTwm1‘1miammm'[iﬂwwwmmswu o5 Trichoderma  9¢§in1s
LR]itgmUimwtiauﬂa?juuavu.muauwawaamﬁ’aumaww‘lmm muﬂwamna’mawam'iuriaum
wdstufme Anudunsadiueie (pH) AuaudRvasiu i’mmamwu’maauauq e (Gszdng,

2544)

1.5 miammsﬂgﬂ'zuu (antibiotics) ﬁmumsammiﬂgﬂuu wnedanstiugants
Lait:yﬂu'eNqaumwuwuwLnﬂmnm':maﬁwumﬂammmaﬂﬁumm ‘[mamlﬂummimnanu
sinademstufimsiiydulauazervilidelsameld msﬂaﬂwumﬂmmm%mmﬂum
auﬁaawa'l',sﬂu,avm'mLfluwwaaaﬁmuauwsamnm': suiitiasansdudadelsn asdandniions
Sunlagvhlui arsuflous vy,  2532) Fudosn Trichoderma  wAnans viridin - uas
trichodermin uaﬂ'-3'1ﬂﬁé‘m%mmsﬂﬁ%wswnndmmsauualﬁauuﬂwﬁ&mq gram + Wag gram -
U Suzukacillin® tag Alamethicine® mswanieulyiigesdoanmalnfivlosnsaiulade
seghamilwsimstudimitsigventeanm wuleditdaaludeon Tichoderma spp. v
mawuﬁuﬂmauﬂ’“‘lum‘saﬂﬂanssmau%a's'lawmmhﬂwﬁ‘[ﬂammmwusmau‘l& walanddey
wuleivalsstiagu ﬁl 3-glucanase,chitinase i.l.’d" cellulase meaawnmmu’twama‘lsm
Aoufzumduvendiladnluneluveadelsa Wes Trichoderma sp. 3sv3osnesaialag
Wonnsannreludulaveadalsniiy ﬁaﬂ‘s‘ms’humsm‘imaué’u‘lat.%'a‘i?ﬂavaﬂaaaaha:.nﬂ
dwaliRenssAsafumsaviuuasnisveenuguaaialsaanadluson uanmnﬂuﬂsmmﬂua
Isﬂmmmma1ﬂ'i'mww'samu‘lﬁmunwnaqm Wy Uiaiusaniasassin (¥es1 Trichoderma
sp. wVmMifidarInenssundwhaeTes Welsaududanaadld Tnonsudedunisly
mmma3mﬂfmmitﬁ)‘%mﬂmﬁa‘liﬂﬁﬁvgn Euz 19U MIIeNUeEYss N5 guarRAuITBHY
Ty msveneiug msdviuaitumannnisiunusas davnfanssusie 4 vanialsn azdamalif
AuuLsIvIMsAnLsfvanadldluviae

1.4 WuANMUFUMILLE alSATBIWY

Tutlaqiulduiingstiiden Trichoderma sp. Havdedningdsunieszuusinity e
gausrasdlunstiesiulsauasfayiviidulsalasemzesnbaulinabusuanmsdunamudn
fuildsudelaeisiisiimmuuiusuaziumusemstialsaldadeiunmsiniadulunyeduas
& winalnvesmsiveuiuynulsansisifiseny

v 1 = =) - =4
®  AIUNITESLETUNIT L’il'iﬁglﬂlliﬂ'ﬂaﬁﬂ‘ﬂ

wenaniles Trichoderma  sp. asteiasumsiiwhaedslsafivlivarosliaudads
wuausaiunnasydulanazmsaienenvesiivBnvatevie ‘lﬂﬂaﬂlﬁmzﬁuﬁﬂaﬂlu
AN AUANHN ﬂmlumm.,mamaﬂ aaenauisiinduasiind Tnotiuouinuazaugeves
du ThvinvesuRwsy tiinveniasaus 10-60 wWeddud aw3 EJUWIEJUﬂUﬂ‘im‘WhJ'I‘EL%E]‘i’I
Trichoderma  sp. a’mmﬂa-“l.ﬂ'nmawaaﬂugmam‘fﬁlumﬁmumsmﬂ;mu‘lmaemaﬂuulu"n



N5 kTR udfiifs1eauinges Tichoderma  sp.  ansaadreansisemisiaigidule
(hormone) fnaldas luvauziviensdideindesiTrichoderma sp. ad1eanslunseduldfivadng
asisenssAvlnunndung wavunsdinuindes Trichoderma sp.lUdnveviavinans
QAUNFdRnY isunuszuunnvesity ilissuunnfivauysaluasuduss dwivlunsduesnis
wzadailgrlufufegnvislaefedien Trichoderma sp. wuinadnzseniianinung 2-3
Ju Ltazﬁuﬂé’wzﬁﬂmﬂ'lmﬂmm'wﬂE‘manmﬂﬁwuiﬁﬂl.ﬂa':’l.%uﬁﬂ’;'lmaﬂuazaﬁ'wmuﬁuiammEJ
Wfiunndude Yedidia et ol. (2001) lévmaasgniuumeniludviiiides 7. harzianum (T-
203) wuiwaildRefuiisniisiutarausnsinuasimihu afviueseiitdfey dwuees
gmtuuasiuilunnnitluganuam



Uni 3
asd 0 - = o/
ATAIUUNTIIEY
Antungululasniu (microgreen) fiwnwaasy dail
1. waamlin wendainlansy
2. whAnmusziu iandnanmunsiuien
3. AR thandninlalmiien

Fafusiidos Trichoderma harzianum iiaws [2410°cfu/g (WP)]

INRNUNITNINABILUY 4*3*2 Factorials in Completely Randomized Design (CRD)
Joduf 1 sz uTNTY fie

¥
°

® an (Aunw)

s

¢ & 8 @ b a
AUIWIRST Trichoderma harzianum (2*10 cfu/g) 5 ATUAN 1 879

® 7

e Fafmusitos Trichoderma harzianum (2*10°cfu/g) 10 Afu/ah 1 dns

o iafusidos Trichoderma horzianum (2*10°cfu/g) 15 n3u/ih 1 Ans
U9duit 2 nanlunsuiwan Ao

o ¢l

e 12 il

e 24 dluy

Jade® 3 msiheinia
e lyjiend
e | anA

ASNsvaans

3.1 nadauludan ol iims (n vitro)

mawdenndn - uindeiususassiiauina 100 niluiadasites 7. harzianum (2*
10° cfu/g) 5 nfuAh 1 8ns, 10 A3iAR 1 8ns way 15 ndwah 1 8as TeewdadunsaAsuruy
6, 12 way 24 Falua sawAuirenea wazlidhema WisuwsuiunssuisAududawamiug
dtailainineine weymsAnedusineg fil

ﬂ' dﬂ ar ar
3.1.1 AnwudisfiAnuniudawudlaeds agar plate method
o a2 w & " - [ o P [ 2/
Tuudmiugusaznisudd dewbeae Clorox 1-2% Uszana 2-3 Uil duidaue
MUNEAULEMT potato dextrose agar (PDA) widnsaaudsulietutusgiunnaveauuin i
) 3 ar o e & wr Y 2 v o oA
duen waswdamunsiu 1 10 wis/am wasiluvn 19 25 was/am wdnihlued

gaumnivies ATIRABUINANBAILIBS colony TBuTe
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3.1.2 vedsuAINEnvBuudanug (Germination test) 1a87F between paper
method
ﬁ"nﬁumsmaaummqaﬂﬂaqmﬁﬂﬁ’uﬁ‘muﬁ%‘msmmmwaqau'mm’im‘n%aaumﬁm
wuﬁu’m’m’m (ISTA) Tﬂammsﬁumaﬂwuﬁuuwazﬂsimﬁmmmu q «m as 50 Wan wa..maﬂ
W‘Hﬁ'i”‘ﬁ’)’lﬁ'ﬁu‘ll'e}\'lﬂi"ﬂ’\ﬂ 2 wiu Ammduseindy uasmumul'ﬁuamuﬂwaa diensu
Amuatuadausnuvdsannumie Tifuleniedundiund (normal seedling) Wity wdean
ﬁulﬁaﬂiUﬁUH%QQﬁﬁﬂ (i’u?‘iﬁun%‘qusnuazﬁsaqﬂwmmun.g ISTA) AT2RUAUNAUAR Aunan
AaUn® (abnormal seedling) uasiuannie (dead seed)

3.1.3 MAMEiNTIan (Germination Index, GI)

nsiaduiimswenvessdaiug Wumsusdiumauiuswesadeiugiiendoaauly
mM3nseen (speed of germination) vaswunanTunme laeviamugiunimadouauen
wwsglude 1.2 Tagdesihnsmaduiunawndvniu tazimanisnsaaduumuiuman
suiinissenvasianudieil

fufinssentaiuaanus = mauanved (Fruaudulniien/anuuiunauns)

3.1.4 asvdnoaIMsasgAulavegaauassIngau (Shoot and root growth rate)

Dwiinmsnegeummuiusresnudaiusiimannsi waeiugidanuudusegs
daufidnsmsiesyipulnvasdwiiiuseaunassingeninudaiuginanuudousedn vins
ps1oinlagliudndaegnay 10 wia Fwou 5 91 leenwdniiliiueweauanuenves
nIEATHNIE kazliulwwasaiute 1.2 nudsaiyuuszanm 45 891 wiantu 5 Fu Jandw
gmupsdufsenidusinuasaisu (audms/ 5 Tu) udiunmeieds S

Sasmadaiiularanviosen = HA3MAINETIVEIINUEBEEA/AMIUNEARUETINY

3.2 yagauluanimizaumie (in vivo)

nmmamman wYARNUGUADY wﬂﬂsmm 100 nsw’lmﬂasumuaaumaamnmm‘uaﬂ
T. harzianum (2*10° cfu/g) 8m31dMU 5 nsuah 1 ams, 10 n3uAh 1 Ans uas 15 n%u/h 1 ans
Tneuvafunsnidauium 6, 12 uaz 24 42l Saufulenia warhitenea Wisuifieuiu
ARG IR P DA RIS PYRVABR TR

nmawssussuuan: l*ﬁwu.,w'msﬂmaﬂﬂaﬂ Tasussglumame ﬂmswwm nammam
Ugnadlumame muﬂ‘i'smswﬂaau I@ﬂmaaqanvwsnlwummamLauamﬁqmmnnnq. Aty
Iiamaﬂmm'suuh AssNIBaz 5 m av 20 n3u (U5 u%uﬁ'l*zmuaqnmlmmaqmaﬂwuﬁ) ol

Aty wdnhuiluanmiiliuasls devmsAnususign
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3.2.1 Anwmsiialsa damping-off
Usuiiumsiinlsa damping-off uaza1nslsadus inu wiauuenioanvaln

3.2.2 HaNan
wanAuAgTui Nt mTnasuasiminuiwasandnraudasnssudslundasasuiu

k)



uni 4

NALAZITAINANSIY

4.1 asradeuATIVYBNLEANUSNATaY

MNMIATIvERUAI TR lFluMINAREY Ussnausie winwaluwih (Figure
0.1A) wlamunedu (Figure 4.1B) waviudaiaduinn (Figure 4.10) wui1 mmduwdniugi
AuusnFeeaiReddiloddais Tnewdndadum wanudanunsu Seonduadaiug
a%ga Av 9.38 + 0.38 uaw 7.65 = 0.67 Wediud awddu sasamiy waluwindiaomty
wanug Ao 4.85 + 2.10 Wasidud (Table 4.1)

Table 4.1 Percentage of moisture content of radish, sunflower and green pea seeds

for microgreen production.

Seed type Moisture content (%)
Radish 4.85 + 2.10"b
Sunflower 7.65 + 0.67a
Green pea seed 9.38 + 0.38a
F-test —
LSDgos 2.06
CV (%) 17:71

YMean of 4 replications followed by the same letter(s) with in a column did nat significantly
different by LSD at P < 0.05 ;** = significant at P < 0.01

s

I o

Figure 4.1 Characteristics of radish seeds (A), sunflower seeds (B), and green pea seeds

(C) for microgreen production in this study.



15

] ar L3 ] - -4 ar « 8
mﬂmimmﬁﬂwuquﬂawuﬂ 114‘!1’3;‘15119’1!.%8?1 T. harzianum (2*10 cfu/g) 5, 10 uag 15
nfuseatn 1 Ans Tasuduiu 6, 12 uae 24 Falus Sauduwhenma wazlidiennia Wisuwieuiv
s Tudanmdaiuginarliieinia Anwiduene ail

4.2 AnwdefiRauniuwinnuglngds agar plate method
o aminluin
WU Tt T harzianum msdhemd waz aIMutwdn Jujduiusnisatinedn
ﬁﬂ’ﬂﬁwﬁ’muﬁ‘iasiatﬂa%ﬁuﬁﬂ'ﬁﬁﬂﬁawﬂﬁﬁu yen iU nansutwdn waz n1sihenne &
AuuanFaaRegitsd e idudmsindeuuaiie Taenssuitutiudaluda
f0u T, harzianum fissfusududu 15 nfuser 1 ds wwuhermemdunal 22 Falue w
WedidudmsinidauuniiGagean 57 Wadius (Table 4.2, Figure 4.2A) vauzivioanmadslai
1Jﬁﬁuﬁ’uémeaﬁﬁm'axﬂaﬂ%nﬁmﬁm&?mw uAnaINsutwaEn uazmstieinia Jufduusnig
aﬁﬁaEiNﬁﬁ'ﬂéf’lﬁ'ﬁg?ﬁ:ﬁiatﬂa%Lﬁuﬁn'ﬁﬁmﬁ;a'ﬂ wenaAimUT AMTuLER uay nsitheine
ﬁm’mummhamaaﬁﬁaemﬁﬁ'aéﬁmﬁwiatﬂa‘ﬂ%uﬁmsﬁm%aﬂ Tnonssudsutwanludud 7.
harzianum #isgfuenudady 5 nduse 1 da5 wwudhermedunar 24 Falus wulesidud
mﬁm‘z’?ai’nqqqﬂ 20 Wasiiug (Table 4.2, Figure 4.2B)
o LAaMuAziy
wud1 nandernA war naIMsutwEs Hufduiusmeatifed eildediAyseaesidud
msAadeuuaiiss Tnonssisusidnludafam T. harzianum ssfusnaududy 5 nuiev 1
a3 wuuhema warsuulinhenma e 24 §7lus munlefifuinmsinideuuafizogaan
21 wWoasius (Table 4.3, Figure 4.3A) mmsﬁwzaamﬂai’ulﬁﬂﬂﬁé’uﬁuﬁwwaﬁﬁaiaLﬂaiuﬁuﬁmi
faidesn uAnshemAwardanas T, harzionum TUfduiusyaatfeeditadndydee
Wedldudnsindesn uenaminui®adus 7. harzianum Sanuuansiamiaifodidl
ﬁ’aﬁwﬁ’tyﬁas‘iamaﬁ%uﬁmsﬁm‘ﬁ”aﬂ Tnenssuisudwialudafas 7. harzianum fisedumnu
Wuty 10 ndurann 1 Ans wuuheind uasnsndFutwEsluiadne 7. hamignum fisedu
ity 15 ndieri 1 ans wuulinheima dhasan 20 dlus Twesiduimsfndosgae
#t 39 Wefiusimudiiu (Table 4.3, Figure 4.3B)
o wiadadum
WU aInTutEs SRmeansnsadRegeiitsdRuBewesiduinsinie
waiids Tnensaiiutudaludist T harzianum fissiuamndudu 10 nfuseth 1 dnsuuy
lihorma Wunan 24 Falus wuwefuinsindeuuafifegegn 3.5 Weiidud (Table 44,
Figure 4.4A) ﬂmxﬁwxammﬂﬁa'lﬂﬁﬂﬁé’uﬁua’mqaﬁﬁsimﬂas‘:.%us?m'iﬁﬂﬁaﬁ WALIAINITUUAR
waz@afieust 7. harzianum ﬁﬂﬁé’mﬁuﬁ'maaﬁﬁaEi'mﬁﬂ'ﬂéqﬁ’fg?iwiaLﬂaﬂ%uﬁmiﬁﬂL%Ia'sﬂ
wenaNEnuin Mo was Fadus 7. harzianum fiauuandianainegieiiioddey
sowesuRnsiniden Tnonssuitutwdalufadng T harzianum fissdumiudiudu 15 nfu
deth 1 ans wuulivhenmadunm 24 $alus nuwefidudnsindesgean 65 wWedidud
(Table 4.4, Figure 4.4B)
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nnmsAnwideiinmnfuwdaiug wuindadust T harzianum nanmsududniug ua
mMswherna warlinheimea vnliwaawlewi wianune iy uaswdadidun fiedfidus
m‘sﬁmﬁ"awnﬁﬁsﬁwqm 1, 4 uaz 0.25 Wasidudnmasiu u.aswun]a%L-iuw‘unwsﬁﬂl,%'aswi"wqﬂ 0,
7uaz 0 Wesiudnuddy feiinagenndesiu ey wazams (2556) nsliidest T
harzianum WINUFIIAWSTUYS 1 awsoaamaialugediiona uas Jegathambigai et al.

(2009) VAEUETY T. harzianum WeAUANEEI1 Helminthosporium AReuNfulaaUg
Undu wuhaunsaaansiialsalugadiauniuabaiug

Table 4.2 Percentage of infected seed by fungi and bacteria on water agar for 5 days for kaiware
production after soaked in suspension of Trichoederma harzianum bio-product at 0, 5, 10
and 15g¢/1 combined with aeration and non-aeration for 6, 12, and 24 hr.

Soaking time Asration Concentrations of bio-product Infected seed by (%)
(hrs.) Trichoderma harzianum (g/0) bacteria fungi
6 aeration 0 12"ij 0g
5 9ij 0g
10 8ij 1g
15 1j 2fe
non-aeration 0 9ij 12b-d
5 18f-i 20a
10 16¢-i 11b-d
15 15h-j 15ab
12 aeration 0 Tij Og
5 15h-] 1g
10 9ij Og
15 10ij Og
non-aeration 0 28e-h 7a-f
5 30d-¢ 11b-d
10 29e-h 13bc
15 44a-d 8c-e
24 aeration 0 38b-e 1¢g
5 32c-f 3e-g
10 35ce 5e-g
1] 57a Og
non-aeration 0 45a-c de-g
5 50ab 1g
10 45a-c 5e-g
15 37b-e 1g
F-test
-rlme (A) > Y
Aeration (B) = >
Concentrations of bio-product Trichoderma harzianum (C) ns ns
A*B ko *X
A*C ns ns
B*C ns ns
A*B*C Ll ns
CV (%) 39.83 79.75

¥ Mean of 4 replications followed by the same letter(s) with in a column did not significantly different by LSD at P <
0.05 ; ns = non-significant; * = significant at P < 0.05; ** = significant at P < 0.01
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Figure 4.2 Colonies growth of bacteria (A) and fungi (B) culture on water agar for 5 days in infected
seed for kaiware production after soaked in suspension of Trichoderma harzianum bio-
product at 0, 5, 10 and 15 ¢/l combined with aeration and non-aeration for 6, 12 and 24 hr.

Table 4.3 Percentage of infected seed by fungi and bacteria on water agar for 5 days for sunflower
sprout production after soaked in suspension of Trichoderma harzianum bio-product at 0,
5, 10 and 15 ¢/t combined with aeration and non-aeration for 6, 12, and 24 hr.

Soaking dodlion Concentrations of bio-product Infected seed by (%)
time (hrs.) Trichoderma harzianum (g/1) bacteria fungi
6 aeration 0 T ce 7f
5 Tc-e 37ab
10 6de 33a-d
15 de 37ab
non-aeration 0 9b-e 24de
5 12a-e 27c-e
10 13a-e 36a-C
15 15a-d 3da-c
12 aeration 0 17ab 12f
5 18ab 33a-d
10 17ab 3da-C
15 9b-e 37ab
non-aeration 0 11b-e 24de
5 9b-e 23e
10 16a-C 3da-c
45 17ab 29b-e
24 aeration 0 13a-e 22e
5 21a 33a-d
10 17ab 39a
15 14a-d 36a-C
non-aeration 0] 14a-d 27c-e
5 21a 22e
10 17ab 34a-c
15 16a-C 39a
F-test
Time (A) o ns
Aeration (B) ns ns
Concentrations of bio-product Trichoderma harzianum (C) ns o
A*B * ns
A*C ns ns
B*C ns e
A*B*C ns ns
CV (%) 50.50 23.20

Y Mean of 4 replications followed by the same letter(s) with in a column did not significantly different by L5D at P <
0.05 ; ns = non-significant; * = significant at P < 0.05; ** = significant at P < 0.01
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Figure 4.3 Colonies growth of bacteria (A) and fungi (B) culture on water agar for 5 days in infected
seed for sunflower sprout production after soaked in suspension of Trichoderma
harzianum bio-product at 0, 5, 10 and 15 g/l combined with aeration and non-aeration for

6,12 and 24 hr.

Table 4.4 Percentage of infected seed by fungi and bacteria on water agar for 5 days for toumyou
production after soaked in suspension of Trichoderma harzianum bio-product at 0, 5, 10
and 15¢/L combined with aeration and non-aeration for 6, 12, and 24 hr.

Time Aeration Concentrations of bio-product Infected seed by (%)
Trichoderma harzianum (g/0) bacteria Fungi
6 aeration 0 0.75 c-e 1.00d-f
5 0.50de 3.25b-c
10 0.50de 0.75d-f
15 0.50de 1.00d-f
non- 0 0.75c-e 0.25ef
aeration 5 1.25b-e 2.50c-f
10 0.50de 2.75¢c-e
15 0.75c-e 1.000-f
12 aeration 0 2.50a-c 0.75d-f
5 2.25ad 1.50c-f
10 0.25e 2.75c-e
15 0.50de 2.00c-f
non- 0 1.75a-¢e 0.00f
aeration 5 2.00ae 1.75¢-f
10 0.75¢c-e 1.75cf
15 0.25e 4.00a-c
24 aeration 0 1.75a-e 1.75¢-f
5 2.50a-c 2.00c-f
10 1.50b-e 5.75ab
15 1.75a-e 1.75¢-f
non- 0 1.00c-e 0.750-f
aeration 5 1.50b-e 1.00d-f
10 3.50a 3.75bc
15 3.00ab 6.50a
F-test
Time (A) e *
Aeration (B} ns ns
Concentrations of bio-product Trichoderma harzianum (C) ns o
A*B ns ns
A*C ns x
B*C ns *
A*B*C ns ns
CV (%) 103.12 86.61

Y Mean of 4 replications followed by the same letter(s) with in a column did not significantly different by LSD at P <

0.05 ; ns = non-significant; * = significant at P < 0.05; ** = significant at P < 0.01
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Figure 4.4 Colonies growth of fungi (B) and bacteria (A) culture on water agar for 5 days in infected
seed for toumyou production after soaked in suspension of Trichoderma harzianum bio-
product at 0, 5, 10 and 15 ¢/l combined with aeration and non-aeration for 6, 12 and 24 hr.

4.3 NAEDUAIINBNTBANAANUS (Germination test) 1as75 between paper method
o widnwaluwin
Tudwuadaitenasiusnludui 2 wud nansutwdn waznindiinia SUfdunius

'
o e =

neadRegiiteddybwedinuwdnien yanand LamMudwhe wazn1sieIna da

[ )

wnnsasatResnideddainnusidaseniunsiuasusn nenssudsuiwanludfue
T harzianum MssduAudutu 5 nfudent 1 das suuhenimiuie 24 990ue I3
o a - - & ) & o 1 ) @ !

wiinsenuniigeiian fe 38 widn fia 50 wirmegey vasINIuAsIavEluIui 7 nudl Lanis
whwdn uarmanvhemea Sujduiusnivadfogidiied Ay dwiedmuuantenund (normal)
warNUIIIaINTBtWas waznsienif danuuandianisainedlvsdifybrainuiu
wansenUn® Tesnssuisudwanludafusifissduanuduiu 5 nfudeus 1 das wuulheine
I ar =l o [ ey al =l '3 1 -3 i

Wunan 24 Filaw TSwuwaaenundgian e 48 LGn M 50 WAANAFEY LAZNUIN 111
Asuddn warnsneinma dufduiusnisatfedredivsdrAudeduauuiaceninund
(abnormal) UeNAINRTINUINT TR MLANA1INIsadReg s Tided AR adIuINaaIen
AeUnd wasdanudanisitiennia  SariuuandsaRRgsiivedinybmediuiundnten

Aaund Tasnssudsudwanludafusifisesuamudntu 15 nudaui 1 ans wuuliienniemdy

=i

nan 6 Falus Sfwauwdateninunigiiian fe 6.75 waa we 50 waaveaey wana Nl W
naINIEs wasnsid1eInI ﬁﬂﬁﬁ’mﬁuﬁ’maaﬁﬁadﬂqﬁﬁaéﬁﬁ’aﬁwﬁaa‘hmumﬁmmEJ (dead
seed) wazdamuinmsiwienna  danuuanitmneadfesdidsddydediuiuudanis lag
nesuitutwAnluTaAusissiumnndudu 15 nfwdern 1 dns wuulivhemaduim 24
falus Twaudaniegeiian Ao 75 wie de 50 wésnaaey Weusnouwdadidulse

'
o ar & 1

(diseases) WUl LAINTWILLAR waznsweinia TUjdunusnaifedrinfvdAgydsie

@
o as

Srnuwaaidulse uasdmuiainisumuds  IanuuandameaiaednivediAydsie

L}

« @ oW

o 2 o & a1 & - ar w 1 5 - i
Sruuwdaimdulsa TasnssiAsudwanludiAudssauanuutu 10 nfudadl 1 ans wuud

= =3

omeduna 6 Falue fdwuwdadulsageiian fie 11.25 wan fo 50 whanaasu (Table
4.5, Figure 4.5)

142876
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Table 4.5 Germination of radish seed for kaiware production after soaked in suspension of
Trichoderma harzianum bio-product at 0, 5, 10 and 15¢/l combined with aeration and
non-aeration for 6, 12, and 24 hrs. by between paper method.

Concentrations of Kaiware seedling (No. seedling / 50 seeds)
Soaking time Aeration bio-product First count Final count (7 day)
(hrs.) Trichoderma (2 day) Normal Abnormal  Dead Diseases
harzianum (g/\) Normal seed
6 aeration 0 26.00e-g 36.00e-g  0.25¢ 3.50b-f  10.25a-d
5 26.00e-g 36.00e-g 1.50e-g 2.25c-¢  10.25a-d
10 22.50gh 3250¢h 225d-¢  4.00bd 11.25a
15 27.75d-f 37.75df 200d-¢  4.00b-d 6.25e-g
non- 0 28.25c-e  38.25c-e 1.50e-g 2.25¢-¢ 8.00a-¢
aeration 5 26.75e-g 36.75e-g  6.00ab 0.50fg 6.75¢c-¢
10 26.00e-¢ 36.00e-¢ 5.75abc  1.00d-g 7.25b-g
15 24.00e-h 30.00e-h 675a  275bg  6.50d-g
12 aeration 0 26.50e-¢  36.50e¢  0.75fg 2.25¢c¢ 10.50a-c
23.00gh 133.00gh ~2.75d-g  3.50bf  10.75ab
10 23.50f-h  33.50f-h 275d¢  2.75b-¢  11.00ab
15 2525e-g 3525e-g 1.75d-¢ 2.25¢c¢ 10.75ab
non- 0 24.25¢-h 3d.25e-h 2.75d¢  4.00bd  9.00a-e
aeration 5 2550e-¢ 3550e-¢ 1.50e-g 2.25¢c-¢ 10.75ab
10 23.75f-h  33.75f-h  4.25a-d 3.25b-f 8.75a-e
15 24.00e-h 34.00e-h  2.50d-g 3.75b-e 9.75a-e
24 aeration 0 31.50cd 41.50cd 1.25e-g 0.00g 7.25b-g
38.00a 48002 1.25e-e 0.75e-g 6.00e-¢
10 36.25ab 46.25ab  0.75f¢ 3.00b-f 4.75fg
15 32.25bc 4225bc 1.75d-¢ 1.50d-g 4.50¢
non- 0 24.50e-h 34.50e-h 2.75d¢ 5.50ab = 7.25b-g
aeration 5 23.50f-h  33.50f-h 3.75b-e = 4.75a-C 8.00a-¢
10 24.25e-h 34.25e-h  3.25¢f 4.00b-d 8.50a-f
15 20.50h  30.50h  3.25cf 7.50a 8.50a-f
F-test
Time (A) ¥ > ns ns o
Aeration(B)  ** - o * ns
Concentrations of bio-product Trichoderma ns ns * ns ns
harzianum (C)
AB *x - * o o
A*C ns ns ns ns ns
B*C ns ns ns ns ns
A*B*C ns ns ns ns ns

Qv (%) 12.03 8.73 70.92 76.18 33.04
¥ Mean of 4 replications followed by the same letter(s) with in a column did not significantly different by LSD at P <
0.05 ; ns = non-significant; * = significant at P < 0.05; ** = significant at P < 0.01
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A. Normal seedling

B. Abnormal seedling

C. Disease seedling

D. Dead seed

Figure 4.5 Seedling characteristics of kaiware sprouts; normal seedling (A), abnormal
seedling (B) diseases seedling (C) and dead seed (D).

* Lwaamunziy
deusauadaiienadausn (st count) Tuiud 3 wudr namsudwda wazmsid
g ma liflufjduiusnsaifdesuauudncen lnenssuisutwanluiadme 7. harzianum il
sedupudutu 5 nfudeh 1 An wuulivhormadunm 6 §alus TS nwnuwdasenuniigs
flan Ao 12.25 wén sie 50 widanaaey wdsnifunssaaie (final count) Tuufi 7 wuihEu
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a3y Lufufduiusmeadddeduaumaatendnd  (normal) TaenssudSutuwdnludaiu 7
harzianum fisesuanuddy 5 nfusetih 1 dns wwuhemadunat 6 Falus f5wauwan
seminfigafign A828.25 Wha dle 50 winvaaay wagnuintianilads Lifiujauiusnsadase
$nuwdaseninund (abnormal) uenaniifmuitnainsutwds Sanuuandimeaiaesn
r

o o af |

fiadAryredwiumdateniaund Inenssuisudiuanludadime 7. harzianum fisziuanu
Wiy 10 nfuseth 1 ds wuulivhenmadunm 6 H9lue Sdnuwdateninunigeiige fo
475 widn se 50 wiavadeu venanimuiniandads Liidmusmeadfdeduunéa
a8 (dead seed) wasfanuinainisutwds TnuunnsimuadfetiidedAgieduiuman
e Tnenssudsutwdeludafist T harzianum fisssummundutu 5 nfuder 1 ns wuulin
gmedunan 24 Falus ﬁﬁﬂmumﬁﬂmaqaﬁqm fia 45 wan via 50 Wwaanaaeu (Table 4.6,
Figure 4.6)
o wAndIEuA

detuswaudeittenasiusn st count) Tuduft 5 wudn pamsudnda wazmsith
g lifiujduiusnisatndedwauudaen wonnill aTNsutda uaznsithenA LA
MUt wasdfuet 7 harzianum Smmuandmsainetndiisddysediuiunansenlums
Suatausn Inenssuituswaalaslildffae 7 harzianum $aufumadieinimduan 6
Falus fdnumdasenunigefian fie 41.75 Tu 50 wienedeu (Table 4.7) ndanniuads
anvie (final count) Tuiufl 7 mudwaenisutuin fruuansamsadfesuiiud e
SnuansenUnd (nommal) Tnenssansutwanludadng 7. harzianum fissduanududy
5,15 n3usieth 1 ans wuunhoima sadhivhermaiiuam 6,12 Filue fdwnuwdstenunfigs
fign fio 44.50 uax 43.75 Wil o 50 wilAVRABUIMAWY uarwuiTlaledy lifufduius
yeadRdesIuIuERtenaaund (abnormal) venaniifanuitnindiainaa S T
harzianum SrnuuenAteabRegiisdddedsuwasteninuni TnonssaiSudwanluy
fai0udh T, harzianum Tsgduanuduiu 10 nfiwerh 1 ans wuulivihemnimduinan 24 42lus
fnnuadnteninunigeiian Ao 6 wéa sie 50 wdmmadey et wudrisawdedy hif
Ujduiusmeadfdediuauudanis (dead seed) uazdamuimainisidieina IAuuAnaIg
neadnesnilteddyiwedmiumanay TnenssiButwdaludadud 7. harzianum fisedu
aududy 10,15 ndusenh 1 8ns wuuhenma waghinhenmiunan 24 §2lue f5wou
\wianegefign e 10.5,10 wia sie 50 wiavndeunwddy (Table 4.7, Figure 4.7) eilng
AOAAGDIRY WIUNE wazAE (2556) MaaeuUsEAvEamuasiadsitien T. harzionum Tu
msannsAnlsamand1sesiiusdoum 1 wul Fafusidanan fuseaniamlunisannis

Walsald nswdlualesuviuasy
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Table 4.6 Germination of sunflower sprout for production after soaked in suspension of Trichoderma
harzianum bio-product at 0, 5, 10 and 15¢/l combined with aeration and non-aeration for
6, 12, and 24 hrs. by between paper method.

Time Aeration Concentrations of bio- Sunflower sprout seedling (No. seedling / 50 seeds)
product Trichoderma  First count (3 day) Final count (7 day)
harzianum (g/1) Normal Normal Abnormal Dead seed Diseases
6 air 0 4.00ab 12.00a-d  2.25ac 35.75a-C 0
5 8.75ab 28.25a 2.50ac 19.25¢ 0
10 4.00ab 8.25b-d 1.50bc 40.25ab 0
15 4.25ab 8.00b-d 3.25a-C 38.75ab 0
Non-air 0 2.50b 9.50b-d 3.25a-c 37.25aC 0
5 12.25a 21.75ab 3.50a-c 24.75bc 0
10 7.75ab 21.00a-c 4.75a 24.25bc 0
15 5.00ab 17.00a-d 4.50ab 28.50a-c 0
12 air 0 6.75ab 17.25a-d - 2.75a-¢C 30.00a-c 0
5 6.75ab 15.75a-d ~ 2.50a-c 31.75a-C 0
10 4.50ab 16.25a-d 2.50a-c 31.25a-C 0
d . 4.75ab 16.25a-d 3.00a-c 30.75a-c 0
Non-air 0 0.75b 4.25cd 2.75a-C 43.00ab 0
5 5.50ab 15.00a-d  2.75ac 32.25a¢ 0
10 5.00ab 11.75a-d  3.50a-Cc 34.75a-C 0
15 6.00ab 13.25a-d ~ 3.75a-C 33.00a-c 0
24 air 0 5.25ab 10.75b-d ~ 3.00a-c 36.25a-C 0
5 4.00ab 10.75bd ~ 2.50a-c 36.75a-C 0
10 0.50b 3.50d 1.236 45.25a 0
15 2.75b 8.00b-d 1.00c 40.75ab 0
Non-air 0 8.00ab 1650a-d = 2.25a-C 31.25a-c 0
0.75b 3.50d 1.50bc 45.00a 0
10 6.25ab 10.75b-d 1.00c 38.25ab 0
15 3.50b 8.00b-d ¥25¢ 40.75ab 0
F-test
Time (A) ns ns % *
Aeration (B) ns ns ns ns
Concentrations of bio-product Trichoderma ns ns ns ns
harzianum (C)
A*B ns ns ns ns
A*C ns ns ns ns
B*C ns ns ns ns
A*B*C ns ns ns ns
CV (%) 122.07 95.99 84.72 3892

¥ Mean of 4 replications followed by the same letter(s) with in a column did not sienificantly different by LSD at P <
0.05 ; ns = non-significant; * = significant at P < 0.05; ** = significant at P < 0.01
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A. Normal seedling

B. Abnormal seedling

C. Dead seed

Figure 4.6 Seedling characteristics of sunflower sprout; normal seedling (A), abnormal

seedling (B) and dead seed (C).
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Table 4.7 Germination of toumyou seed for production after soaked in suspension of Trichoderma
harzianum bio-product at 0, 5, 10 and 15¢/l combined with aeration and non-aeration for
6, 12, and 24 hrs. by between paper method.

Time Aeration Concentrations of bio- Toumyou seedling (No. seedling / 50 seeds)
prasiuct Thehooerme First count Final count (7 day)
harzianum (g/1) (5 day)
Normatl Normal ~ Abnormal Dead seed Diseases
6 air 0 41.75a 42.50ab 3.75a-c 3.75fg 0
40.25a-c  44.50a  2.25c 3.25¢ 0
10 40.50a-c 41.75ab 3.00 5.25¢c-¢ 0
15 40.50a-c 42.00ab  2.75c 5.25c-¢ 0
Non-air 0 41.00ab 42.00ab  3.25bc 4.75d-¢ 0
40.00a-c 42.25ab 3.25bc = 4.50e-g 0
10 41.00ab 43.00ab  2.75c 4.25fg 0
15 40.25ac 42.00ab 2.25¢ 5.75b-¢ 0
12 air 0 d0.25a-c 42.25ab  3.25bc  4.50e-g 0
5 36.75b-d  40.50ab - 3.00bc 6.50b-f 0
10 41.00ab 42.25ab  2.75¢ 5.00d-¢ 0
15 39.25a-d 42.00ab  2.25c 5.75b-g 0
Non-air 0 38.25a-d 42.75ab 4.50a-c 2.75¢ 0
5 38.75a-d 41.75ab  2.75c 5.50c-¢g 0
10 38.25a-d 41.00ab  4.25a-c . 4.75d-g 0
15 41.75a 43.75a  3.50a-c 2.75¢ 0
24 air 0 37.00b-d 39.50bc 2.75c 7.75a-d 0
5 35.25de 41.50ab  3.75a-c 4.75d-g 0
10 31.75ef | 36.00cd  3.50a-C 10.50a 0
15 36.50cd 39.50bc  3.00bc  7.50a-e 0
Non-air 0 37.00bd 40.50ab 4.25a-c -~ 5.25¢-g 0
5 31.50e-¢ 35.75cd 5.50ab 8.75ab 0
10 27.25¢ 35.75cd  6.00a 8.25a-c 0
19 27.75fg 34.50d 5.50ab 10.00a 0
F-test
Time (A) s 2 * o
Aeration (B) * ns » ns
Concentrations of bio-product Trichoderma * ns ns ns
harzianum (C)
A*B x ns ns ns
A*C * ns ns ns
B*C ns ns ns ns
A*B*C ns ns ns ns

Cv (%) 8.37 7.02 53.64 40.14
Y Mean of 4 replications followed by the same letter(s) with in a column did not significantly different by LSD at P <
0.05 ; ns = non-significant; * = significant at P < 0.05; ** = significant at P < 0.01
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A. Normal seedling

B. Abnormal seedling

C. Dead seed

Figure 4.7 Seedling characteristics of toumyou sprouts; normal seedling (A), abnormal
seedling (B) and dead seed (C).

4.4 yArariinnssen (Germination Index, Gi)

o winluwh wiamuasiu uazwdatiaua

nsvageusviinmslunisienvesudaiugniuninsgiu AOSA  (2007) laeds
between paper method Taeuswiuwasiisen ndwnudaamitilowi winmunzu uas
wiathsualudafg T horzianum- fissfupududu 0, 5, 10 uax 15 niuazanaseri
1 803 TanfumsihomAsazliheinie Wussesaan 6, 12 uaz 24 alus wud ansud
wén waznswiema TfduiusnadfedeifsdWbwedwuwansen vanani 1
Msutn Msieinia SanusendrmsadneseitedduBreduudnsenveandaialy
wh nensndtudiudnluiadast 7. harzianum fiszsummumndudu 5 nfuset 1 das wuuh
pmmduiaan 24 Falus finnuwidaenundgeiian fie 8 4.04 uay 6.75 win ey audy
waEWUT aNMsuER finnuunnsaadfesieditoddlredniumdnendiduen du
waamusgiu suiimsenludauuanaameaia (Table 4.8)
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Table 4.8 Speed of germination (seedling/day) of radish seed after soaked in suspension of
Trichoderma harzianum bio-product at 0, 5, 10 and 15 ¢/l combined with aeration time for
6,12 and 24 hr

Soaking  Aeration  Concentrations of Kaiware Sunfiower sprout Toumyou
time (hrs.) bio-product seedling No./day seedling No./day seedling No./day
Trichoderma
harzianum (¢/\)
6 aeration 0 5.14Y di 1.72 6.04b-d
5 5.14d- 4.04 6.22a-C
10 4.64i 1.18 5.86cd
15 5.40d-h 1.14 6.00b-d
non- 0 5.47d-g 1.36 6.00b-d
aeration 5 5.25dHi 3.11 6.00b-d
10 5.14d-i 3.00 6.11b-c
15 4.86¢-i 2.43 5.97b-d
12 aeration 0 521d4 2.47 6.0db-d
5 4.72i 2.25 5.57d
10 4.79hi 2.32 6.0db-d
15 5.04fi 2=50 5.93b-d
non- 0 4.89g-i 0.61 6.00b-d
aeration 5 5.07e-i 214 5.93b-d
10 4.82¢-i 1.68 5.82cd
1h 4.86¢-i 1.89 6.22a-c
24 aeration 0 6.92c 1.54 6.54ab
L. 8.00a 1.54 6.80a
10 7.71ab 0.50 5.87cd
15 7.0dbc 1.18 6.42a-c
non- 0 5.75d 2.36 6.75a
aeration 5 5.58d-f 0.50 5.96b-d
10 5.71de 1.54 5.96b-d
15 5.08d-i 1.14 5.50d
F-test
Time (A} e ns *
Aeration (B} " ns ns
Concentrations of bio-product Trichoderma ns ns ns
harzianum (C)
A*B i ns ns
A*C ns ns ns
B*C ns ns ns
A*B*C ns ns ns
CV (%) 8.62 95.85 7.38

Y Mean of 4 replications followed by the samne letter(s) with in a column did not significantly different by LSD at P <
0.05 ; ns = non-significant; * = significant at P < 0.05; ** = significant at P < 0.01
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4.5 a5 RdRsINSIasIAulnvaIwanuaIngau (Shoot and root growth rate)
o vy
WU $5091 T, harzianum msitheind waziiainisudwdn Sufduiusmeategng
fipdABasemiuediy wudsiunanisudwdn wasdadne 7. harzianum TUjduius
meadetiiteddudwieninueiy wenntwunmshena uastadast T harzianum
flauwensrameainegiitsddgremmendu lnenssuisutwaanugiaelalidfus 7.
harzianum wouwhemadiuiag 24 $alus numueFugaTign 4.7 wuiums yuzdivaany
Hadlifiufduiusmeadifronmensin winansuiwan Iufduiusneadfedniidudaiy
Sastomuemsn TnensaiButwdsludada T, harzianum fissdummududu 15 nfusen 1
ans wuulihenaduna 24 H1lus womue s INgeaaiian 10.71 lwuAns (Table 4.9)
o LwAamunziy
WA el T harzianum a1siieInd uaznamsuiuan Widujduuinaifse
aueady Tnenssuisudwdnwuslaslaili®asud 7. harzianum wwulinernadunan 24
Flus wuprwemsugeTian 10.14 wudms sausiantadslifiuffmiusmeadrenue
50 wAnansuEwan JujduiusnnatfegrdiisdAgrenmeasn wen NNy
oM fufduiusnainegiaiided daseniwensn lasnssudsudwanlaglilidadud T
harzianum wuwhithemadunat 12 $l wummensngsaniian 16.56 wuims (Table
4.10)

o widnddulm
wuihdafa 7. harzionum msheinia uaznainsuiwan liliujdumiuiniaiisie
ALY WwRsafunaInswiwEs uaznatieme ﬁﬂﬁé’uﬁuﬁ'maaﬁﬁaéwﬁﬁaﬁﬂﬁ’tyﬁ‘iasia
AMUEIRLNENIINENUTINIRTe A st T, harzianum Tawuansiamnsadfegned
TedAtysanWen5In KarNUTIAINTIRYLIER ﬁﬂﬁé’uﬁ’uémNaﬁﬁaemﬁﬂ'seiﬁﬁ’:yﬁwiaﬂmu
g1 Tnenssudtutwdniuglas biléAned uasuiwdaiusludaius 7. harzianum 15 nSw/

'
b =

¥1 1 ans wovliwheamadunar 6 Falus wuaueIfugeiidn 6.28 uaz 5.95 lGufwnAS

'
w A

audey vaueivisaadadeiivduiusniaifetitedfgdwennuensn uinmsuheini

£

3
' ' =t

wazdine Lifufduiusmeadifdemnueisin venintinuinainsuyd wastatud fu v
ATWY wazn1sdnenia ﬁﬂﬁﬁ'uﬁ’uﬁmqa5ﬁasi'wﬁﬁ'ﬂei"lﬁ'fy,ﬁwiammaﬂﬂﬂmﬂufi"léfu wazEy
WUIaINIWY T T, harzianum SUfduwusnisadedelideddgyronanuenain
mudrdu Tnensauisudwdalaglilddains wwulinhommdunat 6 Falus wuamuesn
quaafian 9.24 wufitis (Table 4.11, Figure 4.16) :InMsmaaes wud dhsmsiaigyesdu la
Mise vuseTusen uadldaniien ArwenFugedian A 4.7 10.14 uay 6.28 WwuRwATRILERY
LATAINENIIINGTiAN A 10.71 16.56 uar 9.24 Feflnameandeiu iy uax Issiny (2556)
nadeuUsEAvEAmetafanides T. harzianum Tumsadaaiumsiadauiuln vestraiug ny
31 wuhhganasumsadudulnvewseauazsindunadniug nv 31 16
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Table 4.9 Length of shoot and root of kaiware product after soaked in suspension of Trichoderma
harzianum bio-product at 0, 5, 10 and 15¢/ combined with aeration and non-aeration for
6,12, and 24 hr.

Time Aeration Concentrations of bio-product Growth of kaiware (cm)
Trichoderma harzianum (g/\) shott ot
6 aeration 0 2.51d 6.62de
5 3.32cd 6.97c-e
10 0.27e 8.63a-d
15 3.30cd 8.57a-d
non- 0 3.27cd 8.73a-d
aeration 5 3.19cd 8.83a-d
10 2.62d 9.29a-d
15 2.41d 4.38f
12 aeration 0 3.87a-C 7.82b-d
s 3.60bc 8.35a-d
10 3.86a-C 8.65a-d
15 3.88a-c 9.93ab
non- 0 3.79a-C 8.22a-d
aeration 5 4.40ab 8.96a-d
10 3.68bc 8.6da-d
19 3.79a-Cc 7.65b-d
24 aeration 0 4.70a 10.21ab
4.47ab 8.17ad
10 4.11a-c 8.00a-d
15 4.48ab 9.09a-d
non- 0 4.11ac 9.67a-C
aeration 5 3.85a-C 8.42ad
10 4.34ab 10.43ab
15 : 4.53ab 10.71a
F-test
Time (A) b b
Aeration (B) ns ns
Concentrations of bio-product Trichoderma = ns
harzianum (C)
A*B ns ns
A*C i ns
B*C ® ns
A*B*C o ns
CV (%} 18.88 23.49

Y Mean of 4 replications followed by the same letter(s) with in a column did not significantly different by LSD at P <
0.05 ; ns = non-significant; * = significant at P < 0.05; ** = significant at P < 0.01
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Table 4.10 Length of shoot and root of sunflower sprout product after soaked in suspension of
Trichoderma harzianum bio-product at 0, 5, 10 and 15¢/l combined with aeration and
non-aeration for 6, 12, and 24 hr.

Time  Aeration  Concentrations of bio-product Growth of sunflower sprout (cm)
Trichoderma harzianum (/1) —— I
6 aeration 0 6.78a-d 7.49b-e
5 4.60b-d 5.90b-e
10 2.59cd 3.43c-e
15 4.13b-d 7.13b-e
non- 0 5.06a-d 8.593-e
aeration 5 4.56b-d 4.69b-e
10 6.63a-d 9.75a-e
15 4.56b-d 8.71a-e
12 aeration 0 5.66a-d 6.01b-e
3 3.88b-d 9.11a-e
10 9.33ab 12.71ab
%] 4.17b-d 7.77b-e
non- 0 7.25a-C 16.56a
aeration 5 7.19a-¢c 10.81a-d
10 5.98a-d 12.58ab
15 4.81a-d 8.19b-e
24 aeration 0 2.73cd 2.89de
5 6.13ad 8.26b-e
10 4.17b-d 7.80b-e
15 4.50b-d 4.55b-e
non- 0 10.14a 11.88ab
aeration 5 5.87a-d T.72be
10 6.16a-d 11.34a-c
B 1.39d 1.86e
F-test
Time (A) ns %
Aeration (B) ns #
Concentrations of bio-product Trichoderma ns ns
harzianum (C)
A*B ns ns
A*C ns ns
B*C ns ns
A*B*C ns ns
CV (%) 72.48 71.65

¥ "Mean of 4 replications followed by the same letter(s) with in a column did not significantly different by LSD at P <
0.05 ; ns = non-significant; * = significant at P < 0.05; ** = significant at P < 0.01
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Table 4.11 Length of shoot and root of toumyou product after soaked in suspension of Trichoderma
harzianum bio-product at 0, 5, 10 and 15¢/l combined with aeration and non-aeration for
6,12, and 24 hr.

Time Aeration Concentrations of bio-product Growth of toumyou (cm)
Trichoderma harzianum (g/1) — S
6 aeration 0 4.40bd 6.8db-d
5 4.73b 6.75cd
10 3.34df 5.22e
15 4.32be 6.88b-d
non- 0 6.28a 9.24a
aeration 5 4.73b 6.41de
10 4.52b 5.22e
15 5.95a 8.12ab
12 aeration 0 4.49bc 7.95a-c
3.85bf 6.73cd
10 3.10f 5.92de
15 3.40df 6.05de
non- 0 3.31ef 5.41e
aeration g 4.24be 7.05bd
10 3.44cf 6.16de
15 3.11f 5.23e
24 aeration 0 0.00¢ 0.00f
5 0.00g 0.00f
10 0.00¢ 0.00f
15 0.00¢ 0.00f
non- 0 0.00g 0.00f
aeration Y 0.00g 0.00f
10 0.00g 0.00f
15 0.00g 0.00f
F-test
Time (A) i L
Aeration (B) o ns
Concentrations of bio-product Trichoderma - L
harzianum (C)
A*B *x P
A*C ns >
B*C ns ns
A*B*C ns e
CV (%) 27.30 20.86

Y Mean of & replications followed by the same letter(s) with in a column did not significantly different by LSD at P <
0.05 ; ns = non-significant; * = significant at P < 0.05; ** = significant at P < 0.01
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4.6 Anwmsiialsn damping-off UATAMMWHAKER
e wannalywin

Tunismeassibinumsislsavasiulaisylunnnssnds Tnenuimsienmeauazlyl
wWhenma msldddusides 7. harzianum ifieuuandmeadfseuSuim 7SS uanudn
nanmsutiinaeUIuIn TSS uandwneadeshditeddnis fe msudwdmduna 21 $lus
fUsum TSS wndign Ae 5.23% venaniinuii nadadelufiugduiusmeadia (Table 4.12)
wenINEmUiaINsesEaiinaseiminanvesdus suntune Tuuandtansaifogiedl
od ey Ao mswdwindunat 6 vu. Shwinandige Ae 14034 ndu uindunuimislits

v
o L%

Susitminanlivansmadifunmsutinla wasnuimsahiemafunainisududed
Ufduiusnisadd Tnenshemalusswitnsududadunat 6 vu. finasiomsiiuimiings
vesfudoumuny uliATian Ao 151.48 nfu uaznuimsithainelinandnimiinanunning
meadRegeifedrAgiannnitliheina e 12883 niu waswuirdadenisiiennea van
Msutiudn wasdafe iujduiusnadfdodmindauasuisuewugsuniuny Tu (Table
4.13, 4.14) 3N yndiinandliiuiimslithfusidenimarnronandniminanuasuis

Table 4.12 Effect of aeration and non-aeration in spore suspension of Trichoderma bio-product at 0,
5, 10, and 15 g/l for 6, 12, and 24 hrs.on TSS of kawale.
Soaking time Concentration of Trichoderma bio-product (g/1)

Aeration Mean
(hrs.) 0 5 10 15
% Total soluble solids
Aeration 6 2.16 0.13 2.38 1.36 1.94
12 0.56 1.86 1.43 0.21 0.58
24 4.21 4.36 4.10 11.11 5.95
Non-aeration 6 3.03 3.16 2.65 1.96 2.70
12 2.10 1.91 1.38 0.36 1.44
24 5.15 4.85 4.35 3.70 4.51
Mean 2.80 2.78 2.4 adl?
Mean Aeration 217 2.26 2.63 4.23 285"
Non-aeration 3.42 3.31 2.79 2.01 288’
Mean 6 2.60 251 251 1.66 232°
12 1.11 1.24 1.40 0.29 1.01°
24 4.68 4.60 4.22 7.40 523"
F-test A" st TB®  AxST AxTB" STxTB" AxSTxTB"
1’5 Disiss - 1.37 . g " . .

A = aeration, ST = soaking time, TB = Trichoderma bio-product, * = F-test significant at P < 0.05, ** = F-test significant at P < 0.01,
and ns = F-test not significant at P < 0.05. Values in the same row or column followed by different lower case letters are

significantly different by LSD gs-
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Table 4.13 Effect of aeration and non-aeration in spore suspension of Trichoderma bio-product at 0,
5, 10, and 15 ¢/l for 6, 12, and 24 hrs.on fresh weight of kawale.

Soaking time Concentration of Trichoderma bio-product (/1)

Aeration (hrs.) 0 5 10 15 Mean
———Fresh weight (g)/ 20 g of dry seeds
Aeration 6 140.20° 165.82° 15413 145.13" 151.48°
12 109.12°° 90.52° 127.23°° 108.78" 108.91°
24 165.57" 12107 13527"° 82.48° 126.09°
Non-aeration 6 131.21°° 134.51°° 121.64°° 129.21° 129.21°
12 127.62°° 102.19” 89.21"% 99.35°° 104.59°
24 78.39° 100.57°° 85.59° 83.19° 86.94°
Mean 125.35 119.12 118.81 108.20
Mean Aeration 138.30 125.81 138.36 114.34 128.83"
Non-aeration  112.40 112.45 98.76 104.06 106.91°
Mean 6 135.71 150.16 137.80 137.70 140.34°
12 11837 96.36 108.22 104.06 106.75°
24 121.98 100.82 100.40 82.84 106.51°
F-test A spe TBT  AxST* AxTB” STxT8™ AxSTxTB
LSDis 980 7655 16.63 : | 33.26

A = aeration, ST = soaking time, TB = Trichoderma bio-product, * = F-test significant at P < 0.05,'*‘ = F-test significant at P < 0.01,
and ns = F-test not significant at P < 0.05. Values in the same row or column followed by different lower case letters are
significantly different by LSDg s

Table 4.14 Effect of aeration and non-aeration in spore suspension of Trichoderma bio-product at 0,
5,10, and 15 ¢/l for 6, 12, and 24 hrs.on dry weight of kawale.

Soaking time Concentration of Trichoderma bio-product (g/1)

Aeration Mean
(hrs.) 0 5 10 15
Dry weight (g)/ 20 g of dry seeds
Aeration 6 14.49°° 14717 1431 1385 ° 14,34
v 1757%° 12,03 1457 14.19™° 13.34™
ac a-d a-C a-e ab
24 14.25 13.25 14.29 1322 13.75
Non-aeration 6 1531 14.95" 13.60°° 14.89° 14.69°
12 12.01° 12.00°° 13,2155 12.01°° 1231™
24 10.70° Ty T 12.64°° 11.41% 11.83°
Mean 13.22 13.25 13.77 13.26
Mean Aeration 1377 13.33" 14.39" 13.75% 13.81°
Non-aeration 12,67 B 13,15 12.77° 12.94°
Mean 6 14.90° 14.83% 13.95"° 1437°° 14.51°
12 12.29™¢ 12.01° 13.89"° 13.10°¢ 12.82°
24 12.47% 12.90°¢ 1347°° 1231°° 12.79°
F-test A st TB®  AxST* AxTB™ STx TB™ AxSTxTB
L8005 9.60 11.76 16.63 - . 253

A = aeration, ST = soaking time, TB = Trichoderma bio-product, * = F-test significant at P < 0.05, ** = F-test significant at P < 0.01,
and ns = F-test not significant at P < 0.05. Values in the same column followed by different lower case letters are significantly
different by LSDggs.
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® waamunaziu

Tunsnaaesiilinunisiialsrvesiugeuntuns Tulunnnssads uazannisaasanudn
nsluithemmilidugeumunsTuiiviuim 7SS winnddeimauandimieadfegnedl
SACALOE wagnumsliEaAeides T, harzianum fiadeuiunn TSS wansamnsatfediadl
YoddnBe Ae mslifadust 5 n¥udedns TUuna TSS mniian Ae 3.38% sesann Ao msld
Fafoust 10 uay 15 n3uradns Ao 3.31% waz 3.24% AEWU uenINENUT Maematy
nasudwdn Tujdniusneadd fie msudwdamusziulaghivenmduna 24 . §
USua TSS annfign Ae 3.88% uaz nmswhemaiudadue Jujduiusviadd Ae wiwae
munzulaglihermalufaiug 5 nwieth 1 83 Ui TSS wnfige Ae 3.78% seswaan
agliemaludifus 15 nfuderi 1 8ns TUSIM TSS 3.53% uenvniinudt Jadenisi
271 naMsudiuan uasdae Lifliufduiusneaifsauiuim TSS (Table 4.15) uenani
wuIamMsutLdeiinanetminanveiudaumuns SuunndesadReseiisd iy e ms
uddmdunm 6 waz 12 vu. fwiinaediian Ao 7212 waz 79.89 nummE @y uindunuia
51992/t 891 5 wae 10 n3uah 1 Ans Thwminaeliundraveadffunsudian was
wuimsthenmafunansuiwasiiufduiusniadd Taenisuheinialussniinsudwén
Wuven 12 1w, nasensdniminasuavuiiveiuseumuns uldfian Ao 111.09 uae
6.50 n3u pawdy uasnuimsitiernelinanamihminanuansmsainegeiitd iyt
anniliheana fe 81.69 A minwinuitedumsuweime ann1sutwde waztidue
lﬂﬁﬂﬁﬁuﬁuﬁ‘maaﬁﬁﬁiaﬁwﬁﬂmuazuﬁwmﬁudaumumsi‘u (Table 4.16, 4.17)

Table 4.15 Effect of aeration and non-aeration in spore suspension of Trichoderma bio-product at 0,
5, 10, and 15 ¢/l for 6, 12, and 24 hrs. on TSS of sunflower sprout.
Soaking time Concentration of Trichoderma bio-product (g/1)

Aeration Mean
(hrs.) 0 5 10 15
% Total soluble solids —
Aeration 6 2.80 248 3.03 253 271"
12 253 2.93 336 291 293"
24 3.38 353 375 338 3.51°
Non-aeration 6 3.78 4.06 3,00 333 3.50°
12 291 3.00 2.93 3.25 3.02°
24 3.38 4.30 3.83 4.03 3.88°
Mean 548" 338" 3,31% 324
Mean Aeration 290" 298" 3,38 2.94° 3.05°
Non-aeration 3,36 378" 325" 353" 3,48
Mean 6 3.29 3.27 301 2.93 3,12
12 2.72 2.96 315 3.08 298
24 3.38 3,91 379 3.70 3.70
F-test A= ST®  TB™  AxST™ AxTB STxT8" AxSTxTB"
(5 016 - 023 033 0.92 2 ’

A = aeration, ST = soaking time, TB = Trichoderma bio-product, * = F-test significant at P < 0.05, ** = F-test significant at
P < 0.01, and ns = F-test not significant at P < 0.05. Vatues in the same row or column followed by different lower case
letters are significantly different by LSDgs.
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Table 4.16 Effect of aeration and non-aeration in spore suspension of Trichoderma bio-product at 0,
5, 10, and 15 ¢/l for 6, 12, and 24 hrs. on fresh weicht of sunflower sprout.

Soaking time Concentration of Trichoderma bio-product (g/)

Aeration Mean
(hrs.) 0 5 10 15
Fresh weight (g)/ 20 ¢ of dry seeds

Aeration 6 76.76 91.45 81.97 56.58 76.69°
12 127.74 103.80 116.10 96.71 111.09"
24 71.79 69.44 52.66 3531 57.30"
Non-aeration 6 82.66 103.76 50.21 33.62 6?.56b
12 33.34 59.67 51.16 50.64 48.70"
24 44.18 50.74 56.05 39.23 47.55°

Mean 72.74° 79.80" 68.02° 52.01°
Mean Aeration 92.09 88.23 83.57 62.86 81.69"
Non-aeration 5339 71.38 52.47 41.16 54.60°
Mean 6 79.71 97.60 66.08 45.10 ik
12 80.53 81.73 83.62 73.67 79.89°
24 57.98 60.09 54.35 37.27 5242°
F-test A o IR | A XS AxTB" STxTB™ AxSTxTB"

LSDogs 949 1162 1342 1644 : d )

A = aeration, ST = soaking time, TB = Trichoderma bio-product, * = F-test significant at P < 0.05, ** = F-test significant at
P < 0.01, and ns = F-test not significant at P < 0.05. Values in the same row or column followed by different lower case
letters are significantly different by LSDg s

Table 4.17 Effect of aeration and non-aeration in spore suspension of Trichoderma bio-product at 0,
5, 10, and 15 g/l for 6, 12, and 24 hrs. on dry weight of sunflower sprout.

Soaking time Concentration of Trichoderma bio-product (g/1)

Aeration Mean
(hrs.) 0 5 10 15
Dry weight (g)/ 20 ¢ of dry seeds
Aeration 6 4.35 5.20 5.46 434 4.83°
12 7.06 6.15 6.93 5.87 6.50"
24 4.71 4.76 4.61 4.43 4.63°
Non-aeration 6 6.10 6.66 4.68 3.35 520
12 214 5.89 4.49 4.57 87"
24 4.34 4.76 511 4.53 4.69°
Mean 4.78 557 521 4.52
Mean Aeration 557 5.37 5.66 4.88 5.32
Non-aeration 4.19 5.77 4,76 4.15 4.72
Mean 6 5.22 5.93 507 3.80 5.02
12 4.60 6.02 5.71 5.22 5.39
24 433 4.76 4.86 4.48 4.66
F-test A sT°  TBT  AxST* AxTB” STxTB" AxSTxTB"
LSDqg0s . . . 1.09 " - -

A = aeration, ST = soaking time, TB = Trichoderma bio-product, * = F-test significant at P < 0.05, ** = F-test significant at P < 0.01,
and ns = F-test not significant at P < 0.05. Values in the same column followed by different lower case letters are significantly
different by LSDggs.
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® LuannIaum

Tunsmaassiimunadalsaluynnsnid wazninmmeasmuit tedenisheinia

namswtwdn wazdadue Tujduiusneadfivieusuim TSS (Table 4.18) uenainiinuinaan
mswiwdaiinadeuminanvasdudeumuns Tuuandmuadneseided iy fie n1sutiude

Wunm 12 vu. fhiwmidnaadfian As 19.90 nfu wazwuinslididue dns1 5 nfuai 1 des d

]
= -l

thminanfiigade 19.51 adu waznuinsliidest T harzianum mswheInmia uasnaIMIuY
wiailujduusnieadd (Table 4.19, 4.20)

mmAdeniiuandiiudimslit usidesfinasirousuim Tss uasthwinanvesy
gou SsaenndesiusemiToiieaiuien T. harzianum fiuenanmumilsaiigliudy Gmuda
desdandmannsaiumsiasafvinvesivlddnde dmivnalaiiisadesiuguantadssll
Wuitnsuwida Tneiigseauinden Trichoderma sp. annsaainarsisimsiadaydulasieg
s vensEiwuhawseasiarslunsziulifivasearssmaaiydulamaniund wasun
nsdiwuindesn Trichoderma sp. Uinmnuiaiaiedunidaneg fisunuszuusnvesie
Tszuusnilyanysaiwasuduss Yedidia et al. (2001) Tiveaasgniuumsnlufunados 7.
harzianum wuisesmiimasiydulannniyaniuae ved Pl et al. (2011) uws
uANedt Delaware ansgewiim ldvmaeslfidlos 7. harzianum wa 7. virens Tun1suanih
lalAsn3u table beets (Beta wulgaris L) Msann1aialia damping off -‘B‘uﬁﬂmm%ammﬂ
Pythium aphanidermatum AaeAIuAMNIadNaSuNITASLRAULR wasiukandnvasiiald ile
auaenfovesiuilaadely vnsiidvinaveimsiiema amsudada uasdaiue dua
soUSunaun TSS umifnanuazus wdamaiuifsaduseu unasheiu nanfie msiheme
dmalvdusauihminansinithinerma dianaiinamnnisdiommistinyiinaeendiau
denanreTUIUNISIenTatLds viliudstentanayiRvinliSisdemaliiiminanuinndi
winuinnsitheinadiviue 7SS tesndibiheima dunisudiwdadunat 6 wie 12 wu.
denaligugeuihiminaafiniinsuniduna 20 vu. wsieiugiduna 24 v
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Table 4.18 Effect of aeration and non-aeration in spore suspension of Trichoderma bio-product at 0,
5, 10, and 15 ¢/l for 6, 12, and 24 hrs.on TSS of Green peas

Soaking time Concentration of Trichoderma bio-product (g/1)

Aeration Birsd 0 5 1 15 Mean
% Total soluble solids
Aeration 6 4.90 5.98°° 596" 5.20° 551"
12 526" 6.03" 571 6.83" 5.96"
24 4.40° 3.63 501" 4.88™" 4.a8"
Non-aeration A 4.95™ 6.61° 540" 571 5.67°
12 4.60" 573 6.03" 595" 557"
24 550" 6.08™ 5.43% 450" 5.37°
Mean 4.93° 5.68" 5.59" 5.51°
Mean Aeration 4.85° 521° 556" 5.63° 5.31°
Non-aeration 501" 6.14° 562° 538" 5.50°
Mean 6 4.92" 6.30° 5.68° 5.457 5.59"
12 4.93" 5.88" 587" 6.39° 577
24 4.95% 4.85" o2~ 4.69 4.93°
F-test A= ST TB. _AXST AxTB. STXTB. AxSTxTB
L0 P 0.16 020 023 0.33 0.29 0.41 0.58

A = aeration, ST = soaking time, TB = Trichoderma bio-product, * = F-test significant at P < 0.05, ** = F-test significant at

P < 0.01, and ns = F-test not significant at P < 0.05. Values in the same row or column followed by different lower case
letters are significantly different by LSDggs-

Table 4.19 Effect of aeration and non-aeration in spore suspension of Trichoderma bio-product at 0,
5,10, and 15 g/l for 6, 12, and 24 hrs.on fresh weight of Green peas
Soaking time Concentration of Trichoderma bio-product (g/1)

Aeration

(hrs.) 0 : 5 10 15 Hican
Fresh weight (g)/ 20 g of dry seeds
Aeration 6 1826 20.21°° 17.79"" 2307 19.84
12 16.29°" 17.83°" 21.01"° 18.79"° 18.48°
24 18.96™° 1635 19.80° 1806 18.29°
Non-aeration 6 10:35° 14.35°* 2196 15.39" 15.51°
12 2055 1866~ 2263 2246 2133
24 16.27°" 12.94° 13.88°° 10.23 13.33°
Mean 16.78" 16.72° 19.51° 18.17°
Mean Aeration 17.84 18.13 19.53 16.97 18.87°
Non-aeration 15.72 15.32 19.49 16.32 16.72°
Mean 6 14.31 17.28 19.88 19.23 17.68°
12 18.42 18.25 21.82 21.12 19.90°
24 17. 61 14.64 16.84 14.15 15.81°
F-test A¥ ST TR  AxST™ AxTB” STxTB™ AxSTxTB"™
LSDg.05 9.49 1162 1342  16.44 " 5 -

A = aeration, ST = soaking time, TB = Trichoderma bio-product, * = F-test significant at P < 0.05, ** = F-test significant at
P < 001, and ns = F-test not significant at P < 0.05. Values in the same row or column followed by different lower case
letters are significantly different by LSDggs
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Table 4.20 Effect of aeration and non-aeration in spore suspension of Trichoderma bio-product at 0,
5, 10, and 15 ¢/l for 6, 12, and 24 hrs.on dry weight of Green peas.

. Soaking time Concentration of Trichoderma bio-product (g/)
Aeration

(hrs.) 0 5 10 15 Mean
Dry weight (g)/ 20 g of dry seeds———
Aeration 6 1.52° 1.75" 1.55. 1.86" 167
12 132" 161 2101° 18.79° 10.68°
24 1.50° 1.44° 1.80" 1.51° 1.56"
Non-aeration 6 0.84° 1.20" 1.51° 1,98% 1207
12 1.70° 1.46" 1.69° 1.92° 1.68°
24 1.35™ 1.10“ 1.19" 0.92 1.14°
Mean 1737, 1.42° 479" 4.37"
Mean Aeration 1.45° 1.60° 8.12" 7.38" 4.64°
Non-aeration 1.29° 1.25° 1.05° 1.36° 1.37°
Mean 6 1.18° 1.47° 1.53° 155° 1.43°
12 1.51° 1.53° 11.35° 10.35° 6.19"
24 1.42° 1.27° 1.49° $.21° 1.35°
F-test A ST~ TB— | AXST™ AxTB. STXTB. AxSTxTB
s 030 037 043 0.53 0.61 0.75 1.06

A = aeration, ST = soaking time, TB = Trichoderma bio-product, * = F-test significant at P < 0.05, ** = F-test significant at

P < 0.01, and ns = F-test not significant at P < 0.05. Values in the same column followed by different lower case letters
are significantly different by LSDags-
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sagasmanieIme amaudndn ussTaAmN Trichoderma
AaAamUsIMsTIAmSudeumuRiy
Effects of Aeration, Seed Soaking Time and Trichoderma Bio-Product on
Postharvest Quality of Sunflower Sprout

waszw pangEm’
Pomprapa Kongtragoul'

unARda
msAmssssnlamne anrrsdnde ueziained Tichoderma desaunrmwudamatiidies
Surnarrrassiu leobusdamuasiulusloisniosassddading Tichoderma (2x10" Log CFUIg WP) iR
W 0 510 uaz 15 rdusodng Kunen 6 12 sas 24 490 S mshsmaselinhanmslusisfuwusss
i dudnun s S maoheme ammnedods wesiined enoderma WEdnfufia
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Andndny: Famrmunziuien Fasitu Trchoderma maahmma

Abstract

The offec! of acralion, seed soaking lime and Trichoderma bio-product were shudied on postharvest
quality of sunflowsr sproul. Sunfiowes seeds were soaked In spore suspension of Trichoderma blo-product (2x10°
Log CFLVg WP) &l 0, 5,10, and 15 o/l for 6, 12, and 24 hours in combination with aeration and non-aemlion n
spore suspension, The resull show that afier harvesting the sunfower sprowt, there was na significant inleraction
among aeration, soaking lime and concentration of Trichoderma bio-product 6n lofal seluble solid (158), fresh and
dry weight of sunflower sprout/There was Inleraclion between aeralion and soaking time on postharvest auality of
aunfiowsr sprout. It revealed jhat the asralion with sead soaking time at 12 hours was lhe most efleclve treatment
for increasing frech and dry weight of suniower sproul. Moreover, Trichoderma bio-product at 5 ¢/l treatment
increased 155 of the sproul.
Keywords: Sunflower sprout, Trichoderma big-praduct, aeration
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