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Hydroponics originally came about to eliminate many of the variables that contribute

to disease in the field, but other negative variables may have been created in the process.
At present, Pythium causing root rot is a real problem in recirculating hydroponic systems
as they provide ideal condition for rapid growth and spread of infectious propagules.
Besides, it is an opportunistic disease which means that it is looking for weak or injured
plants. Biological-based approach to hydroponic cultivation may probably provide a helping
hand in managing the root disease and maintaining a more sustainable and hydroponic
crop ecosystem. Therefore, the research was conducted to improve the hydroponic crop
production against root rot disease of lettuce (Lactuca sativa L.) through biological and
cultural measures. The research consisted of four parts. First, the evaluation were made
on the efficacy of the four formulations of commercial fungal bioproducts presently available
for conventional crops and the four reported-beneficial rhizosphere bacteria having high
antagonistic potential in suppressing important pathogens for controlling Pythium root rot of
lettuce grown in hydroponics. It was found that the four formulations of fungal bioproducts
for soil-grown crops were in effective against Pythium root rot disease of lettuce in NFT
which are not in line with recent observation with other DFT crops suggesting that the
products might be host specific in controlling. Besides, it is possible that NFT might not
provide the ideal condition to maintain the population of biocontrol agent in the system
sufficient enough to control the disease compared to that in DFT. The unsuited formulation

to hydroponics as well as quality of the product would possibly be attributed to the
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experiment. For the four reported-beneficial rhizosphere bacteria, directly applying them
into the hydroponic nutrient solution gave unsatisfactory result in controlling Pythium root rot
of lettuce since their survival in the system were hardly detected. Applying the beneficial
rhizosphere bacteria as seed treatment, Pseudomonas fluorescens (SP007s) gave the best
result in terms of percent seed germination and growth of green oak seedling under
laboratory condition. Seed treatment + directly adding into nutrient solution gave the best
result in decreasing the disease incidence and increasing the crop growth.

Due to the efficacy limit of the forementioned-bioproducts for conventional crops to be
used in hydroponics, therefore, the second and third parts of the research were conducted
to find out and determine the new indigenous microorganisms including PGPR from
hydroponic systems as biocontrol agents which would be an alternative biological-based
approach for sustainable disease management. It was found that 60 indigenous fungal
isolates were obtained from hydroponics and some of them showed the in vitro antagonistic
ability against the mycelial growth of Pythium sp. at 3 days less than 40 percent growth
inhibition which was rather low. This might due to the slow growth rate of these indigenous
fungi. Hence, competition was not responsible for this regard. However, the in vitro
abilities of fungal antagonists A0O03, A018 and A019 became quite satisfactory at 20 days
since Pythium colony was almost covered by these 3 indigenous fungi and exploitation was
observed. Furthermore, the three isolates of fungal antagonists also gave good results in
decreasing the Pythium root rot disease severity and increasing shoot fresh weight of
lettuce in hydroponics compared to that in inoculated control without tested antagonists.
Regarding the new indigenous rhizobacteria, it was found that 468 strains of miscellaneous
endophytic and epiphytic bacteria were obtained from recirculating hydroponic systems and
some strains were shown to be effective in inhibiting the in vitro growth of Pythium about
65.8-87.9 percent. KUKL205 showed the best potential to produce secondary metabolite
equivalent to commercial strain Pseudomonas fluorescens SP007s for suppressing the
target pathogen in bi-culture test. In hydroponic trial, all the bacterial treated plants as seed
treatment (KUKL205 included) showed no symptom of root rot compared to the non-treated
plants. In line with disease incidence, it was found that the accumulation of R-1, 3
glucanase, a defense-related enzyme was greater in bacterial antagonists-treated plants
compared to that in inoculated control. To our knowledge, this is the first report about
induced systemic resistance under hydroponics with plant growth promoting rhizobacteria.

The fourth part was conducted to determine the efficacy of the obtained-beneficial

indigenous fungal antagonists (3 isolates) together with the indigenous PGPR (KUKL205)
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for controlling Pythium root rot of lettuce grown in the DFT. The emphasis was placed on
synergistic effect between antagonistic bacterium and antagonistic fungus. Indigenous
KUKL205 was used as seed treatment (105 CFU/ml), while the 3 isolates of indigenous
fungal antagonists were applied as root-dip solution and added into DFT nutrient solution at
the concentration of 10e CFU/ml (10 ml per plant). The results showed that the application
of the indigenous KUKL205 alone (T1) and with the 3 isolates of indigenous fungal
antagonists (T2, T3 and T4) did provide significant control (on 21 dpi) of root rot disease
compared to that in the inoculated control. No synergistic effect between the indigenous
KUKL205 and the 3 indigenous isolates of fungal antagonists (A003, A018 and A019) was
noted on disease control efficacy. However, synergistic effect on plant growth was
significantly noted in T2 (KUKL205 and antagonistic fungus A003).

The beneficial indigenous rhizosphere microorganisms obtained from this research
are as follow: KUKL205 indentified as Bacillus sp. (base on biochemical and 16S rRNA-
PCR characterization), antagonistic fungi A003, A018 and A019 indentified as 2 isolates of

Trichoderma harzianum and 1 isolate of Gliocladium sp.

Keywords : Pythium root rot, lettuce, Lactuca sativa L., hydroponics, PGPR, Trichoderma

harzianum, Gliocladium sp.

mautzimimwnndefsluszulgniisleslilfauszaumunanlunsdaduliamnuinlasiinmedmwusziensay vii



C AR

Fas ¥
L Dl L e R NN, . (o W W i
UaRD AR ..o . e B M Nl i
UNARGDNTINBING W ...ceoeveeveerecsessseessseessesssssssesseessssssssssssssssssssssssssnsessssssesasessesssasesnssens v
P s PO e W . W s WAL viii
Sgpi grn S . S . ST .. . . X
U pig ) SRR SR TS oo DR W — xii
. e R R W e a . L, 1
1. midmaliennuhzesdngda malsluleininmluszuulgniislaslilyd
furasindai i et uLAf GBI N AT R I U WA UM THEUATURD e, 3
1A N TNATBUIIOINN oo sseeee oo 3

114 nsdalsannuinfiiesinida Pythium  spp. luszuuslgniey
HFa e B e an BB &SN 3

112  mmassuanusansalunsriliiialia (Pathogenicity) Miiiia
e Pythium spp. UnAnE§aluIzUY Deep Flow Technique

a a A a Qs , A ]
1.2 midsulindszantnwdiniaamain (biocontrol products) Niisvuialu
Y aIaa1a 'lumimm]uT.Sﬂ'nmm'nmﬁnaﬁﬂluizuuﬂtﬂnﬁﬂﬂu‘lﬂlﬁu ........ 13
a a A o~ ¢ A A -] J wvas 1 [ 9
13 mulmdudeininwmoiuiuuafiomenndsi ldsunmansuniues
lumimugulsannuhwesdnasaluszuudgniialaslailddu ... 18
a - a o ¢ o a Fa LB
134 mulmdudainiawesiuiuuefioennisnlaiunms
VW ' s a |
wauwIualunInugulsaTnuinzalingda Cos nﬂgnlu

a a a o € A a A dw s
1.3.2 msﬂs:tuuﬂi:annmwa'mwuquunnmemwnw'nn'lmums
] v ] s o A
LNULtWSllﬂ’lluﬂ’ﬁﬂ’]Uﬂ'UT.Tﬂ'J"'mI.W'ﬂlB\‘INﬂﬁﬂﬂ Green oak ﬂﬂgﬂ

o : - (] 1} Va v
2. manasswuiiressfialniluszuudgnislaslailddu (ndigenous
. o W Adw ] 9 @
antagonistic fungi) Aififnunluntiauguliannuicluszuulanislaslaild

BT et R R AR AR R AR AR A0S 26
21 m3dms dununuseiuiidenlususlgneleslaildan. .. 26
22 mmeassulszanmwlunmiwferujinslusmwias fians.......... 26
23 mmaessuyszininwlumaiungend jinsdlusuudgnitalaslaildau ... 31

maRuszininwnskdedrluszuugnleslildtuuszanumunanlunsdaduliamnuilasiinmmidmwussanss

viii



#1307y

o v
1389 %
“ & - = a 1 I 19 va .
3. mammsAufisaunafiForialniluszuulanWelaslild@u (ndigenous
5 da o ' '
antagonistic bacteria) AidifnunwlumInuquliannuiluszunlgniinlaslsi

N RV b T bl oot L LN O R ... e 41
31 MIAAUTIUTIN Lonide ua:ﬁ'ﬂnq'uuuaﬁt‘%‘uﬁﬁﬂsﬂuwﬁ ................................. 41
344 NIUENEOULAT ORI e 41
3.1.2 %’ﬂnéuuunﬁﬁuﬁﬁﬂsdmd ................................................................ 42

a a & o« & &

3.2 mmessulzdninmweentewuniiSeluntsdussie Pythium spp.

sungliannuhvasdnluszunlgniislaslilddu szdukasnlfidns......... 44
a a A’ « al <A . .

3.3 nrdssiilulss@nEnIwee@auuANTELIATINNT (new  indigenous,

KUKL205) lun1saaunnisa Pythium root rot 1asinasn lussutlgnivalay
A (EREN.Y. S .. ... 0 ST e 46

a a a & a o & a € - a [
4. madsndiudininwrsuuafiSenunuganujinsaannissiialnian

szuvlgnialanlild@u (new indigenous antagonist) lunanaugulsamnuin

223N AR IRTEUUUANATTAB AT s 50
5. ﬂua:L‘éml'nam.%aq‘éun?ﬁmwﬂnﬁﬁﬁLﬂuﬂi:Tu'ntﬂuizuuﬂgnﬁ'nTﬂu'l;i'l'if‘?mﬁ

EC UL T Y I oo oGO, | SO o 57
T DT TR e e T o el e B | L 59
13 5 V.. .. SO = _— 63
Output mnfﬂnmﬁﬁ’umﬁunmwn 2 T 66
IVAEIWIN  oeeeeeeeeeeeeeeeeeeeeeeeeee e ee s es s e eeeeseseseessseems e eeeseseeeseeses e seseesesenessmesesesssssesssaeees 67

muAuzininmnsdeisluszunlgnislasbilftuuazanumunsolumssedulinnnuilagitmmed nmwusssaniy



#I0YA9

J @
AN ww

1.1

1.2

1.3

1.4

1.5

1.6

17

1.8

1.9

snwuzanIiaUnduasniiiaanida Pythium spp. lwdnada Cos Mlanlu
LY DET ... A, s e i el 6
v a a A a A’ 5 g a s‘
SN ININAUNAYaITINNLAANLTE Pythium spp. ludnaaa Red oak 1
ﬂgn'lm:uu i d W w N TR . R WAL T 7

-~ = L e A
masladulavasdnada COS 'lumsa:mumo}mvmﬁ'n'uao's:uu DFT 7l

& .
MTUINTE PYLOIUM SPP. «..evevvoreeiirseiisssseeesssssesss s ssssass s 9
maeTydulavasdinasa Red oak lussazanumaa TR Tvasszuy DFT ﬁ
» X .
ANVTUGTITD PYINUITISED. ... s oottt e e v2eer st e e e 10
o & . o [
ULEAINTILYINTOLANTDITINVDILTA Pythium spp. lusingaa Cos uaz Red oak
et ° : ) a
nmmnmmiﬂgm’na'lﬂtﬂunm T 11 O 12
= = ) - @ ' ] L Qr J

Urzininmwsasinianusidennuuussvaslsanniiwasingsa Cos N
ﬂgn'lus:uu MET vcocree TR N S o B BT & &— . 15

a = = @ .3 J ar L A Ad
mustydulausznandaluiniuinvesdnasa Cos Nanluszuy NFT 7d

Vet = G A ]
mﬂ'n'mNaﬂnm‘vﬁwamuqukﬂﬂmm .................................................................. 16

1 r > Ad D ! o =
anumwuitradlinTnuineaddingda Cos lu NFT AlimslarauunfiGoiag
-1 A v ' Vv w ¢ ) = ar (3 a

TINATATATUMTHBUKIUT 4 BRUT Waz TINFAATUN 1 TR oo 19

- - - o [ oo ' & a o
maeigdulaussnaniauasdingsa Cos 1u NFT NilnsldadsuunfiSoiue

AV wa . v a a o a A

TINRTNFTUMTHBWNIUET 4 SeWuf ez Tawdaiuet 1 oila NanUg
1sn Pythilin FOOT TOL ... o soniaadsacdivs bR oG dads bus s s2n 21

1.10 UszEnEmwmisaniudadisuuaiiliolsainie 4 MoWus (PGPR) dans

JONUATMITIYVBINANNFA® green oak IUEMWABIUGIRNT cevvvveeeevenneee 22

& a 3 & aa - a %
1.11 n']?ﬂﬂaﬂu‘rr’lulllul]gﬂnwadLﬁauua"l’ﬂtﬂﬂ’qnwm'ﬂan']ilﬂ’tyﬂ']\“aulﬂ

B L3I g (o110 1 I o] o B P RPPRPR 23

1.12 anuiliianuad Pseudomonas fluorescens (SP007s) luasazan f_lh"lv“lmmtﬂﬁ ... 24

1.13 WRYBY Pseudomonas fluorescens (SP007s) dgamatialin Pythium root rot

2.1
2.2
2.3

2.4

Qs Qv A
22IENFAA green 0ak NUANI DRFT ..ooooccvverreersnenenseeessssssssseeessssnsssssressssnsee 25
o < & 9 va
mimﬁaua:mm':m'mL'mﬂ'lm:uuﬂgnﬁﬂs'[ﬂu'lulmu ...................................... 28
. 4 . ¥ 4 .
URRINNIAZI TN L8 LT A NU I TATIAUENLE e ee s 30
- . - v o & ,
uaaulafidudmagugenaaiymadulai®a Pythium spp. 1a3nnasay
. & - - N v d [
Bi-culture test ﬂaemaﬂwmwnwwan:uuﬂgnwﬂﬂu‘lu'l'nﬂu 71878 3 oeeeree 31
- ] L o I
waaINIAAlIATINLNVBINNREANLTE Pythium spp. WIzuL DRFT ................ 35

matfuszinsnmwnmsudedrluszuulgnslasliliduuazanumnsolunsdadulinmnuinlagiimamedimmuassansiy



#IUAITV (AD)

al @
AN “HwI

2.5

2.6

3.1

3.2

41

4.2

& a . > o
wraaTunare U iing uaz Pythium spp.hagseafinnizluzuy DRFT lu
Q 3 J
TR ..o T R, S S . W e 38
a a a o [ P
MISLAulanazNaNAATBIRNAEG butterhead Mgnlumsazanumnams
de , & a &
28932UU DRFT MlA I U NS ussiTaTIe O I, ccocecececeneeccsnsensessinneneees 39
Q 1 v e - ¥
sneuzAuTUNIGUFuIwIngvaslalad (Ui awa uaxd) veq
ol = J - Y v J L g ] ' =
wuafiFeneiguuidaniiamisuuemns NA fuenldandiudns g vasis
W J e PO
(lu duuazsn) amsazsmaawisienldluszuudgnislaslild@u....e.., 43
a a & aa da - va
UrzinEnmeeatauuafiGoniigunwanszuudgnivrlas il ddulunis
gugINMIRIyMaEwlewe Pythium spp. 933 dual culture Tugnw
VL T T o R I . T . S— 45
a a ) l o = ‘ - - ] -
UrzininwhurearauueiiGeussda e rnizrialninnszuulgnite
9 va ] ) s [ - I
laglilddudanuuusizasliannuivasdingda Cos filgnluszuy mini-

makulzininrmnndsfrluszuudgniislesWlddusazanuaansolunsdaduliamnuilagiimmmedammwuszianyay

xi



d@sUynn

]
AINN

a a d a & . o [ o
1.1 usavansfaUndvesninfiiaaniiia Pythium spp. ludnada Cos Mlgnlu

a a d a & e s [ P
1.2 uaaIaInIReUn@vaITInianITa Pythium spp. WENaaa Red oak mlgn

Tuy DET B e RN il ... O -0 e

13 ugesdnIwavaste Pythium spp. samstaigidula (dﬂnﬁnammﬁuua:ﬁn)
YAINNFRA Cos ﬁﬂgn'lu's:uu DFT luiuifiuiie

14 usaidniwsvaute Pythium spp. @aamsitaigidula (mfmﬁ'nmmaﬁuua:ﬂn)
28INNA8A Red oak ﬁﬂgn'lm:uu DFT ludwfiuifien

1.5 mwa;limmmrfammvﬁmua: BCAs lumiazaumaemisialuszning
n1Itgninada Cos luszuy NFT ﬂuﬁtqﬂ?mtm%aﬁ'mé'nﬁagmﬂﬁﬂnﬁ'ﬁlu

v & d
iP5 LS AL AT e e S o e o P NN SRS IR e r O A B R

1.6 mutgdulaluiadanii 1, 2 uas Waifiuifzavasdngda Cos Mlgnlu
P P o '
3zuy NFT Alnilindadueiweniuguliannui (A) €2, T1, T2, T3

- AA 1
use T4 ugadanmIHaln@nIInuasiin (B)owem........... e

1.7 a1uagiaaad Pythium spp. hmm:mﬂmqawnﬁsﬁﬁizn'z‘ﬂqnﬁiﬂgnﬁﬁ

ar | - [ l o )
1.8 miareseunsuvasnuduljiindsaile pathogen v89 BCA naaanlaas

sz uuUGNRY TAUTT BirCURUPE.....coco oo nneee e

. a a A as a P o , &
1.9 mudgdvlaluiuiufiovasdingda Cos Nilgnlu NFT Alin1slara
-t Y e w o - A P
uuATSuaMNRTA IHTUMINDUATUEY 4 EWUT wee TanRaie 1 oila

o
LABATUANTIA PYhIUM FOOL T0t ....ceeverceeeeereeessnsennessssseessssssnresssssssessssieeees

1.10 u8wed Pseudomonas fluorescens (SP007s) samaadqidulamaiduluves

Pythium spp. 1w Dual culture (A), Control (B) uaz Mixed culture (A), Control (B)....

1.11 52Uy DRFT ﬁ"mfﬂﬂftlﬁuﬂ?:ﬁ‘n%ﬂ’]ﬂ'ﬂ80ltﬂﬂﬁﬁ'ﬂl.'ﬂﬂi'\ﬂﬁ?ilﬂﬂ"ﬁﬂ’)ﬂﬂll

TIATINUUNYBIANARA GrEENM OBK-veeereeeeeeeeeeeeevreeeeeesesessssesseesesesssssseseesessasesseseens

-~ L - et s J 1
1.12 mualydulausznaninuaIlnaaa green oak Nlgnlu DRFT uazld

Pseudomonas fluorescens (SPOOTS) .......cccocciririiirinecnniinicnissr s ssesnees

N o & ' L g & .
2.1 nMInasay Bi-culture test laslfiTasnyannisdadiuiae Pythium spp.

15 1o OV

...............................................................................................................

1 9
w1

23

madusziminwnndafslurzuulgnfislasbiliduuszanususnlumsdadulzennuhlagiinmedimmwusssanisu

xii



#1UYNIN (AB)

o %
NINN wWwl

1 Lo Q@ A
2.2 milinTniingadlngda butterhead NUgnlumIazansmaamiTvasszuy
o r - -
DRFT ilégasl filnsuszisenaunala luiud 1, 3, 6 uaz 8 wdsanign
r P
vnamqusnmm 2 i LN R R ...
1 Lo Lo A
2.3 1M IlINTINUNVBIRNAAR butterhead (A Uaz B) mlgnluasazasmgams
A 1 J - ! L= -3 A o
2843201 DRFT Aldgemujinduasizanamalia wiuiuiisinanda.........
-t - - : -
2.4 3zuu DRFT filflunmmasevdszinimwrsagemujindflunminuqulin
U D U VB Bl kuumsmnnns sesosisasssnsssnsss daihuss siRERERs shont iissasisneso s ssmensnspume shsayne i Sl Laine
Q- L A J 1 I
2.5 HN&a® butterhead mJgnlumm:mumqmmmaﬁ:uu DRFT fildira
a ¢ & de & 4
dfiinsugasamorirmlan TN AUIED T s st mmsrescoscsssonsesi
™ v a a ' a ' ad A
3.1 ugevsansacFugwingwaslaladl UM 2wa uazd) vasngunuaiiGen
- o v A ¥ ) 1} A
Wi uuAIamIIUueIms NA fiuenldanaiudne g vasie (lu duuss
A A 9§ va
1n) msa:mumamswmlﬂm:nuﬂanwﬁ[ﬂu'lu'l-mu ...................................
a0 - I J [\ v
3.2 UszAnimwzaazauuanzeniinmnw (KUKL 205) mmzuuﬂgnﬁﬂﬂu'lul'n
a o & a (% % [ a
du lunsduganmisiaigymaiduluaay Pythium spp. §183F dual culture 1u
AMIWRBILTIINT cooverieeeceueeiseeseesessse s ssssesss s sss s ssss e ssessssessseas st sesssssnsess
d v a = o A
3.3 32U DRFT Nlamaaauyss@nTninaadiua St a T InNAND e
3.4 Namaamiﬂqnua:'la.iﬂqmuﬁﬂﬁwumﬁt‘iuwmmﬁ'ﬂ (KUKL205 uaz SP007s)
Uz elicitor (SA) #aN1IAILANLIA Pythium root rot VEIENAED.....ceeeeeerrcrcerevenrne
a % o o ' & v A ol
3.5 fantmuas f- 1, 3-glucanase ludnasanagnuaz lingnindadouuaiiGoue
TINANT (KUKL205 waz SP007s) Wae elicitor (SA) U181 6 1% (3unaIan
&
ﬂgnmammvﬂm) .....................................................................................................
a A e a a . A’ )
4.1 snwacliaSauuazszuy DRFT fildnagaulssiniawiiuvaadauuaiise
J‘ = - (] - 19 va
ua:t'uaﬂllgﬂnﬁmmﬂnﬁ-n-nmlnmwm:nnﬂgnwﬂau‘hﬂ.'nﬂu (new
indigenous antagonist) lunﬁiﬂduquIiﬂﬂnLﬁﬂ?ladﬁnaﬁﬂ .....................................
a g ] J ~ : S O 4
4.2 WNA@ Cos URAIATMITIMNTIAAINTE Pythium spp. TWIuh 2, 11 ua 21
. X
PRIVMNUIMTIRURALIA coooeeeeeeceemnmnnssseseesesssssmsssssssssss s ssssssssssssssssesss
[ 1 . & a o o o o
43 AMABLIBAVBINTE Pythium (A) ez warfilng (B) inindinada Cos luin
« o
MTILILTIEID 1ot ee s es s s s e ssessesses s e sae s esseeaeeses s s mmseesas s ensenssessenessseaeesensenenens
4.4 wFAIMIIYPLAULAVBINNENR Cos TUITUL DRFT ...t seeenessonns
a & 9 vs .
5.1 anwaclalafianzeuuafiovannisluszuulgniialaslild@u Bacilus
sp. KUKL209 MBI TVIINA e it il e it e cninseniassansasassnnssssassesansiine

maduszininwnandefrluszulgnitnlasliliduuszanumunsnlumsdadulinnnuhlesiimamed mmwusssanisy

xiii



130NN (A1)

nnit w1

5.2 é’num:TﬂIaﬁua:eTnﬁm:Tmoas"n'uaoL"Eaﬂmﬂﬂnﬂ'nﬁlmzuuﬂgnﬁ'ﬂﬂu‘hj
1w Afdsweny 400 i (A) Gliocladium sp. A003 (B uaz C) Trichoderma
harzianum A018 W&z 019 ANEAL Lguwumm? DL M R 3, 58

maRulszininwnmardefslurzuodgnislanbilifuuszanumumsolunmsdadulinmnuilasimmmei nwuazianssy

xiv





