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Abstract

Application of antagonistic biological control product in nutrient flow system of
hydroponics was limited because the population of biological control agent (BCA) continuously
decreased and lost from the system. Therefore, the maintaining population of BCA in effective
level was necessary. This research was conducted on various kinds of supporting materials and
the volume to maintain 7. harzianum population, also the flow rate of nutrient solution that
effective to control Pythium root rot in the re-circulated nutrient solution of hydroponics. Each
part of thesis was as follow.

Experiment 1, this part was studied on the possibility and effect of supporting materials
to maintain 7" harzianum population in the re-circulated nutrient solution. The experiment was
done in the re-circulating system of nutrient solution (NS), installed with PET bottle
(Polyethylene terephthalate) containing supporting materials (perlite or vermiculite) at the volume
of 1 L mixed with 50 g of Trichoderma biocontrol product. For control, it was PET and biocontrol
product without supporting material. NS was passed through the bottle and run off into the NS
tank in re-circulation. Population of 7. harzianum in supporting material and NS tank were
weekly detected throughout 3 periods. At the IStperiod, the survival of T. harzianum in the system
was detected for 7 weeks. In the 2 period, effect of green oak lettuce on 7. harzianum population
was evaluated for 4 weeks. Then it was continuously detected for 3 weeks in the last period
without plant. The result showed that 7. harzianum population in perlite and vermiculite of the i
period was rather stable. It was found in range of 5.3-5.2 log cfu/ml, while in control it reduced
rapidly from 5.3 to 2.7 log cfu/ml. In the 2" period, T. harzianum population in perlite and

vermiculite slightly decreased to 4.9-5.0 log cfu/ml, but in control it was decreased to 2.6 log
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cfu/ml. In the last period, T. harzianum population in supporting materials was still higher
(around 4.7-4.8 log cfu/ml) than that of control (2.0 log cfu/ml). For the population in the NS
tank, system with supporting material was detected in the range of 3.0-3.5 log cfu/ml which
higher than control (2.0-2.5 log cfu/ml). These results indicated effect of supporting material to
maintain 7. harzianum in higher population than that of control.

The experiment 2, owing to experiment 1 revealed that supporting material could
maintain the population of 7. harzianum in the re-circulating nutrient solution system at the
higher level than that without supporting material. In this experiment we expanded the study to
other organic supporting materials namely; rice hull, coconut-husk dust, rice bran, chopped bark,
vermiculite, peat moss and sphagnum moss. Each supporting material was mixed with
Trichoderma bioproduct (10° spore/ gram) and filled into polyethylene bag for a week. Then the
materials were filled into container and installed to re-circulating nutrient system consisted 15
liters of nutrient solution (NS) in the tank. The NS was passed through the container and run off
to the NS tank again. After that, green oak lettuces at 3 weeks of age were transplanted to the
system as a growing indicator. 7. harzianum population were weekly detected for 6 weeks. The
result showed that all supporting materials could maintain 7. harzianum population. Especially in
sphagnum moss, 7. harzianum population changed slightly by 5.8 to 5.6 log cfu/ml. In other
supporting materials they were detected by 4.0-5.6 log cfu/ml., while control reduced rapidly
from 3.5 to 3.0 log cfu/ml and undetected later. For the potential to control Pythium sp., it was
found that treatment with supporting material could control Pythium sp. better than control and no
effect on plant growth. This result indicated the possibility to develop as biofiltration and apply to
hydroponics system.

The experiment 3, this experiment was similar to experiment 2 but focused on inorganic
supporting materials. The experimental materials including coarse sand, fine sand, perlite,
polyethylene foam, expanded clay, rice husk charcoal and polyester fiber were used and
compared with control (without supporting material). The result showed that, 7. harzianum
population in control was rapidly reduced from 3.6 to 1.2 log cfu/ml in the last week. While rice
husk charcoal, it was higher than other supporting material (4.4 log cfu/ml in the last week). For
perlite, it was detected at 4.2 log cfu/ml. and the other material was detected about 3.8-4.0 log
cfu/ml. For T. harzianum population in nutrient solution, all supporting material was nearly

detected about 0.9-1.1 log cfu/ml. while control, it was detected at 0.8 log cfu/ml. From this
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experiment, rice husk charcoal and coarse sand were selected due to 7. harzianum population
were highest and the potential for controlling Pythium sp. was appropriate.

Experiment 4, the relationship between kind and volume of supporting material were
studied. This experiment was split plot in CRD, main plot was kind of supporting material including
sphagnum moss, coconut-husk dust (organic supporting material), rice husk charcoal and coarse
sand (inorganic supporting material), sub plot was volume of supporting material as 1 and 3 liters.
Each supporting materials were filled into container (PVC size 10x100 centimeters) and installed to
the solution culture consisted with 50 liters of nutrient solution (NS) in the tank. NS was re-
circulated through the container and ran off to the NS tank in continuously. Butter head and red
coral lettuces (3 weeks of age) were grown in this system. The result shown that, 7. harzianum
population in sphagnum moss and rice husk charcoal were highest about 5.8 and 4.4 log cfu/ml.

Experiment 5, the aim of research was to study the relationship of supporting material in
biofiltration and flow rate of nutrient solution for controlling Pythium sp. Experimental design was
split plot in CRD, main plot was type of supporting material (rice husk charcoal and sphagnum
moss) compared with SSF. Sub plot was flow rate of nutrient solution (0.5, 1 and 2 liters/minute).
Each supporting materials were filled into container as same as experiment 4. One day after,
Pythium sp. (106 propagules/ml) was inoculated to the top of supporting material. Disease incidence
and disease severity were weekly assessed. The result revealed that, biofiltration with sphagnum
moss as supporting material was lowest disease incident and disease severity about 44.5 and 16.7
percent of flow rate at 2 I/min. For SSF at flow rate 0.5 of I/min, disease severity was lowest about
77.8 percent when compared with other flow rate.

Experiment 6, the potential of biofiltration for controlling Pythium root rot in the re-
circulating nutrient solution of hydroponics was assessed. Two appropriate biofiltations were
selected from previous experiment together with BF1 (3 liters of rice husk charcoal and 0.5 I/min
of nutrient solution flow rate), BF2 (3 liters of sphagnum moss and 2 1/min of nutrient solution
flow rate) compared with SSF at flow rate 0.5 1/min (with and without pathogen in the system).
The result revealed that BF 2 gave the lowest disease severity about 89.0 and 96.0 percent when
compared with control. Moreover in the without pathogen condition, both BF1 and BF2 could

promote plant growth.
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NFTNIBNANAUAD MINTOINIATYIY (standard filter) NTOIMUVHHUIAOY (recirculating filter) N5
nsoDunIN ngld cascade SSF (static cascade) HagnisnioauuunyuionTaely cascade SSF
(rotating cascade) HAN1INAABINUI VBT AT0a VAN A8 14 cascade SSF tiaz NMINToa
~ Y A dy ' Y o 2
nuunyuieuIagld cascade SSF Namnsoanifsuaurene Tsnau lduiaigiuuesdnigonsm
Prenafeta-Boldu et al. (2017) 5189111/ 5E@NTNINVDY horizontal-flow slowsand filter
v Y
(HSSF) Baaaudadain SSF - lunisandSusude Fusarium oxysporum  f.sp.  lycopersici Tu
] =) 4 [V 1 - o
#159221951901113 WAN15NAABINLA1 HSSF aunsnanlSinauseaina1n’ld 2.7 iodidud
Y S 3 4 1 dy [ [ 1 A Z’,
nazanlSuia gene counts 8314 99.9 11o5IFHUA LAZNUINFOAINA VAL AVDYUTIUTUNTY
dyo/ &‘ a ada d A . .
Ll@ﬂmﬂuENG]i’J%W‘ULGH@i]a‘VIiEJﬂQﬂﬂH A9 Bacillus sp. Pseudomonas sp. 0 Trichoderma sp. Tu

a

g’/ v =) @ = dy a A d(a s U dy 1 J dal Y
FUNIYFULRASINU %Ql%ﬁﬂﬁﬂiﬂﬂaﬂﬂﬂlﬁﬁTL!@H]’!;NNﬁ@l@ﬂﬁﬁ@ﬂ%h?ﬂu%ﬁqﬂ
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2. 3aq1/gn

a A

[y a 2 d = "y ] 1 ~
2.1 m@ﬂgneumﬂ @NIFUNT, 2545) Hogn1enuria1edszian ¥y Anued unavaa

q u

=

Y] Ja I o o 3 9 ' A wa ' v o A
YIUTNWITI namg"la‘n aulniuned tazs IJJ‘L!GI‘L! FIUUAASTUANAUANUALANANNUY AU

~ a A g o a A A
NN (peat moss) Lﬂﬂmﬂmiazﬁmmmﬂwmﬂui]m’mummmaamnmimmamu

Y o o= J = T 1 o 2 Y a a A2 =
HIUN “]N’E’J\?ﬂ‘ﬂﬁ%ﬂ@UﬂJﬂ\‘]WWiHLL‘W@QﬁWQﬂ ﬂ%tlﬁﬂﬁWQﬂuul‘lJ ﬂluagﬂwvummwvmlualumnm
g = o v 3 Y = @ 1% Y ¥
HUY NﬂmﬁNUﬂGLUﬂTﬁQMHWVlﬂﬂ pH 2.5-7 Nﬂ?ﬁﬁﬁWﬂ@l’Jﬁﬁ\m'lﬂﬂ'lﬁﬁl‘]N'lu 2-3 AN

o v

v Y
UNAVEA (rice hull) Aonlaonvesd lgueautialumsuanasuilszyd duiildrios
9 9
AMUNFUF UMINIT 51A190 pH 2.5-7 HMTAAIOAINEININATT 199U 2-3 AT

Yoz W31 (coconut-husk dust) inavrmdanlevesnanznin dquautialumsuana)aou

o . Gid g

Uszlimguiloyeuzninemaniumsaaiesi Hininm s1a19n quiauin pH 6-7 81gn1s 19
9

AU 2-3 A5

Y A

Ia J a U a
L’J@ﬁuﬂ]l'mﬂ (Vermiculite) Lﬂﬂ%WﬂﬂWiLNHLﬁllllﬂﬂ/]f)il‘!ﬁﬂllﬂﬁzlﬂm 850 DA LT ALTE

Q U

e

o

amanta lunsuani)asuilszy 65-140 me/100 gm §uii1 @A pH 7-7.2 ANUAINUYOI IATIEAI 1

= Y [
i@ orgma Tl 12 ase

o 9 I < 9 9 ' o 9
$1917  (rice bran) 1luwanaos ldvinms@dnr isumeanuilarednn lsigeimisga

9 #2715 72 & 4 A AY 2 o H
(Woavlesa 0.47 lodidud uaaidew 0.06 osidua nazieols 11 nlofidua) e1gnianusnuIdu

(gnyay, 2539)

=2 o

o < a = A 1T o A '
auvlniuyoe (sphagnum moss) HIuNpAYHANI UanbuzanwiluaIy unaniiney

Gl = A ¥ a A s v 3 Ulsld ) @ =\
umnm‘ﬂuuﬂuuauﬂizmﬁmmmuﬂ BUUTIAA YT UNLLN NﬁW@@WWﬁgQ pH 4.39-5.12

]

(Broghammer, 1994) 51170U419g 3 (3A5a2 10-13 U1N)
(Y] a ad a A = 1y o Aa 1 = 1<
2.2 Jaqilanatiumad EnTqung, 2545) UegAIEAUNANEBUA 1B NTIBUIIU NI1LaIDEA 1A
a 4 -4 I Yy = 1 a A o 1 % % dy
Au os lan nazunavm Wuau Faunazstialinuauiauanaen Al
1 (<] a 1 so’ [ V= Eol 1
NI0WET (coarse sand) WHAIR AN IBNZDWI LU ALEINTA lumsuiADUdE
[ { 1 o 1 a A 'o
lufimsuanasuszy vnaduruguinainnnni 1.s Taamns Anungud 01gms lFaunu
1 g 9
UANIMI PN
~ ~ 1 o A A 1 3,’ I A 1 o Aaan ~
N310021009 (fine sand) Hurasiuiiaanmenziaviowiti umanes luinljnseundl
= d‘ 9 |dao} o = Y% [ =
lLifimsuanasuilszy ergmsldauuiu uatiiiminunnuazeniimsoaduiunagzlidaym
9
MUNITTLUNITZUEDINA
<t A a S a = ~ a =~ 9
HAAUIA (expanded clay) INANMIIHUTAALMUINYUNYIUFA (1,100 DIFNCFALTHE) YU

Iyvy 1A = 1 ~ a9
uﬂ@u’aﬂ Vlllllﬂ'lﬁllaﬂlﬂafluﬂizfg NITIZVYUITSUIIDINIAAUIN LUAUUINUNUIN
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s 7 . @ o A s I A
L“V\If]iulﬁﬂ (perhte) HJuﬂﬁﬂ‘VlWTLlﬂﬁ$U3uﬂ131u13\1\1'}uq@ﬁ1ﬂﬂiiﬂ IﬂﬂﬂﬁLWHWfJﬁula‘Vl‘ﬂiJ

Y a

; y , - ¥
Ausutannga ligugil 1,200 ssruwaidod duirlaa lulimsuannldeuisey szunei

U

¥ @ 1 (] <] a v v o ]
5$1J18J’E]'Iﬂ1ﬁa pH 7-7.2 MU UMM Lmm%ﬁmﬂmmJuaumﬂmmmaﬂuazmﬂmiaﬂmﬂuuuu 3191

ADUTIULIN

v 3

Y [
VWAV (rice-husk charcoal) (NANINMSILNAUAAN YUY QUi 1AA pH 7-8.5 nou
o Yy ' Yo = o @ ) Y 9 a v o ' @
uwnwi%ﬁﬂqaﬂﬂ'] pH GLWG]TEN llﬂwﬁfﬁﬂ@"J‘Via\ﬁnﬂﬂ15un~ﬂcl°]ﬂlﬂﬂua$Lﬂﬂﬂ15ﬁ]ﬂ@3]‘h~|lﬂﬂuﬂ 81gN13

Y
11 2-4 39 599190
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3.1 gunsailFludenlfiians

1

2.

1
1

nseatlu

A

é U 301
in5o3ilannuau loin

Y
A

A
UYLy
¥
PUAUIDU

v €SB

-a]

9 4
. NBOIANT IR
 NABIDITNN

= 4

. aziNgoanodoa

3 A
L UNIY (needle)

S ¢

UMY
0. HADANARDA

= J
1. UnNtnos

12. cork borer

1

3. Haemacytometer

% s 2
14. loanadnaq 70 taz 95 tlodiFua

1
1

5. 10% clorox

A4
6. INTDIBN

17. auto pipette

1

8. syringe

19. §1a

20. NTLATHHTL

2

1. EJTH'l‘ilélflx‘lL%ﬂl!ﬁga'lﬂ']il,!flﬂl%@
- 0.3 % water agar (WA)
- potato dextrose agar (PDA)
- corn meal agar (CMA)
- Trichoderma selective media (TSM)

- V-8 juice broth (VIB)

UNA 3

12
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d Al
3.2 gunsarilFlulsuseuilgnivy
1. S50 195190 IMITVUIAAMINY 50 AT
2. $ruilgn
3. Trly
d‘ = [ 1 1
4. I179UDIAANINN)
- 1A309IAMNIBY (potential of hydrogen ion; pH)
d’ o 1 o . . .
- 1p393aa1n131i Tnlsh (electrical conductivity; EC)
4 o <
- iseiamveduvaluaisazane (total dissolved solution; TDS)
A o <
- AT IAAIAITNLAL

4 [ a { %’ .
- 1p3eeiameengunazate 1y (dissolved oxygen; DO)

4 a 4
- 193 U905
3 A [ [
5. Ya91lgn¥ielIanIeasy
[} a =4 [ a A o
5.1 JADUNTY 5.2 AAOUUNIY
9 3 A
- YPUTNIN - HIAAUINT
A 4 4 4
-nesig lav - o5 lavi
2 ¥
- auvinyyed - lonseaiin
o 9 Bol
=519 -loqi
- finuea - UAAUIAI
- 1laen laaudy - NIYAZIDYA
- UNAVAR - NN
6. HNAAA

Y] 4
- UAND313A (green butterhead)
-159R958 (red coral)
% [ [
- Wnaaaniu1on (green oak)
7. YATLVUNIOIFININ
1 9 9 a a 9 a
- 918 PVC 91194 1A 149 10 5UAUAT 817 100 suauas nseuehila
Y
N9 PVC 11anina 1% 110
Jd A Aa g a
- MNantlatlaiii ¥iia ball valve
- 119 PE 1224999 90 93¢
[ Y
- Yuivuia 2800
- NFTULAITAZAWIUIA 50 AAT

9
-YAVIA
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Aax o a\ a v
IBNIAUHHUITUIVY
A v
1. MINATDUIUDIAY (pre-test)
L1 MsAnINavesiagsessuned1uIulsz1Insveuses 1 . harzianum luaisazate
5190 1HITHIUIY

dy Y A < 9 o o A o dy
ﬂ’li‘VIﬂﬁ'ﬂ‘Ul']J’E]\WI‘L!LW’E]ﬂ?ﬂ')’lulﬂu]lﬂllﬂ"’U'EN]ﬁﬂ5’EN5TJ'VH]ga'lll'lﬁﬂﬂﬂigﬂllﬂﬁzﬂﬂﬂiﬂfﬂ

o a 19 Jd a [ %} {1 ¥ @ 1
51 Trichoderma sp. IagvhFmaasusisiananaunuinaeudlusasiaiu 1:100 Heana

a [ (2

°10"may 10°nSuADNaAANT YOIHAAN N AINGT)

aauam it laanududu 10, 107, 10

¥
A

b Y
NMAUUATINEPUANNNFINTOARI8TT pour plate technique 1UDIM151A891%D Trichoderma

Y
selective media (TSM; Elad ef al., 1981) 3 %1 Jana lagn15a5291031uu Ia Tatitazinundiuia

o U dﬂJ
NUINUTZIINTAIY
. suulaTatimiula —
NUINUTEINT T harzianum = . 59 <5 — x dilution factor
AN NWANTUITUAL

v
WA UINERToNIZ DS Az eI My Udeu Tagldana PET 41a 1.5 Aas 6a
Y a ¥ Y v g Y Y 1 A PN 7a -
AUYIANAIAANDDN HAIVTIPITNI0T VN 1 lumsnaaes Taun mes lad tazneiig la @iy
o { A v o 1 a o a o Jd o
aqndion]FluTagiin) Swauedvazl dns neuiuFwaasust las TamesuiSua 50 nfu @n
' Y H
nmsfnaiedw) laadldlung PET uvamwa R ludnvazatios simimhiueaidauagzingg
a 9 = g A v 19 Y o o 2 H
intaamuudnase ietfosny liliiagsessuassimas lvaoen msazaesigemsee lvaru
2y 1 ' a R o Y A%
Mruziindd liaasgnszuz ldasazaenigenistSuia 15 as dlTuasazaeinainigdy

]
v @ A

Y 1 A Y ] [ as Y o
ﬂ’ﬁﬁgﬁwiﬁnlﬁﬁWWMﬂi%u$ﬂM’JﬁﬂSi’NiUﬂal“]fﬂlUﬂﬁﬂﬂﬁﬂQﬂQ@lﬁﬂﬂL’mi ﬁﬂuﬂiiuﬁ‘ﬁﬂﬁﬂﬂﬂ\l{lﬁﬂﬂ

q

?a' ' [ a (% a [ g ]

i liegluvia Tasliffinasaeiisiuau 1 ans nauiudmaasns lnslawesuinlsna 50 niu Tag
Tl dera50950 (MR 2.1) MUNUNMINAABILIY completely randomized design (CRD) Taolunaaz
axq Y o ¥ o I @ ] 1% o I o
N33UAT 1M 3 1 Madana TnensinuaIee19ian 093 tazaisazaelunszuzilulszimn

@ < 3 [ 4 ) dy . ax
duaiitluseeznar 7 dUan W1esd U unlsens¥es1 T harzianum 19875 pour plate

Y i
technique 149 IMNT@BUHD TSM 1A 1IMNA UMM TZNAT
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d' = A FY tg 9
HMNN 3.1 3$‘U‘UW1?I‘1JL'JfJuﬁ15a$a'lfJ‘ﬁTﬁlf]'lW'lﬁVlGl‘lfﬁlUﬂTﬂ/lﬂaﬂﬂl‘ﬂﬂﬂﬁu

A o t&'
1.2 MIANYINAYBINTABT1IMIUUIZTINIVOUFOIN T.  harzianum 1Ua159221851001%15
=
W UIE
o Aa [ b Y 3 [ 4 v ' Yy 9
AUNUMINAINANNINMINAARSNUAMUTZezna1 7 ddav TaslSumanududuues

]
1=

1A Aa aa Al a 1
130921051013 1K g 1.60 NaaFuAaomUALAT tazA1 pH Y99aI02a051901415 IHogh
R 9 Y Iy 4 @ A o 4 V) dy
5.8-6.3 MINUudwAnddaansuloanery 3 dlat acliluszuu asiusunuilszansveuyos
@ @ 1 = v 9 < [ 4
T harzianm WIE93035VHAZA 1502195190 MIIFABIN U 1 T uscaznar4 diani naglu
o s Y o S g agla Y a a A ¥ v 9 ¥ o £
daif 4 Tshmanudeyamudy Tdun mansyaulavesies (hvinduwaziiningn) wiew
k4
Auasniusulsznnivesionana nlusinisnado
1.3 MsAnSulsznsvessos T.  harzianum Juan3agaes1ne11sHyu oy
4 "
nsaanny
[ k2
MNMINARDIADIINMINAADTN 1.2 Tasas 190 Ui 1Iuse1nsvouses T. harzianum

@ o [ ] @ d 4 = I
ludagsosiy wazaisazarslunszug nasnrmuiyoon ludinng dlarviaeiiiodmiu

@ s A o dy [ 1 [ 3 A
J¥YLIa 3 ﬁﬂ@nﬂ lwafﬂﬂ']u:]uﬂiz{’]ﬂﬂil(’]ff]i']ﬂ\jﬂa'ljwa\ji]']ﬂﬂ']'ilﬂﬂw(’]f

S d T

2. MIANYINAVIITAY 0I5 UBUNIHNBIIMIULIZHINTVBIFON T. harzianum Tuaisazay
519011 HY MY
2.1 MINATOUANANTAUBIAUVYDIITQT0 95
WA
2.1.1 QMENVANIMENN
13 a v A A A Y 1 A Yo o o )
mmawseudagounsgnaviua 7 vila laun nldenlddn $1unau audminwes finvea
Y da d o a Aa aa ] %’ A < [l ,3
Youzni1 wazneiiglan Swouwtiaag 100 Tadaas uslwhimumsiaingeliuag 100
a aa I~ ] g’/ o wAa 1 1 %’ @ 1 1
Hasaans unar 24 21 Tue niniuihmsasvdeuguauiianes laun dmindelmas a

o ! < ' 73 o v 3 o Y A 2L
mam"lﬂﬁh (EC) ﬂWﬂ’)'liJHJuﬂﬁﬂ-ﬂN (pH) uamﬂaiwuﬁmiqum TN UUNDFATUNIT
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A Jdo J A

naapstuiIagounIdaIna iU 1Fauud) yhnsnadeunuaulANINNENTNITULAY

)

= gll = 3 ] 9
onaswazfFeueunuguauianouns 145U
o a d N
2.1.2 Snuilszansgaunsdesan
o A Y R v A a2 I 9y o = o w 1 I ¢
hmsazateh ldnnmsugiagsessudunidlude 2.1.1 whmadeandauaiuld 1
Y
Aanududu 107, 107 10°, 10* uaz 10° niudeiiaaans wasnniuaTINTUTIUIUAUNTE
1 2 b
NoadUAI8ID pour plate technique avluemsiaouye Tryptic soy agar (TSA: Harrigan and
1 4
Mccance, 1996) 1AM UTIUIUTOIUANTY 1AL % PDA+rose bengal (AAtas91n Dhingra

4 Y
and Sinclair, 2000) S5 UATIVVLIFT HaINHUIMIAILIMUTLIINT

A d V1 o

2.2 M3ANHINAVITAQI0 5 VBUN3IAIMIUUSTH NSV UV T. harzianum luaisazarg
519914131 Y

d' [ 9 %’, d' & o 1 a [ o g
{HO991P1AI 1NN NABeY IUTD 1 (AIN 2) GIN°mmﬁ“lﬁsmwammm”lmﬂﬂmmmaﬂu
1 a A A 1R A 9
ﬁﬁa%aWﬂ‘ﬁW]’ﬂTﬁﬁTﬂﬂ@]iﬂ NUINAITALANYDIADTINITNALTDNANINH I DLUN vaasuunly
= a o Jda v dy o aaAa dy . = a v 4
FINAANUNTUAN UFOAA 1AZATIVUUANUUFINTOAVOUBDI T, harzianum T INAANUN

a @ 4 o a @ J o 1 o ¥ ¢ @ 1

%uﬂﬁﬁl%ﬂﬁﬂgﬂlmﬂﬂﬂ TﬂﬂUTNﬁ@]ﬂﬂJ“ﬂﬂﬂﬂﬁTJMWWﬁilﬂUHTﬁmTL%@LLgﬁiuﬂ@§1ﬁ3u 1:100

a A

9

MnuEeaaud 1T Idamdndy 107, 107, 107, 107 waz 10° asuAolaaans Vol
a ol do W v "SH ) B q . Y ¥ q Yo

HANAUNAINA1IAIID pour plate technique THBIMTABAU¥D TSM Taeluumazanudutu i

%I (] g)d' a9y d’d g (% [ o o = o
3 a1 linguvginesluiia Wunar 3 3u dana lagmsaianiviiuiulalafinaziimn
MuIMNUIUYTLHINT

Y
vaniunagouluszuuaisazaesine vy wieu Tae19HUN1TNAADILLL CRD

a =

an 3 o = @ @ a 1 : v & oA <
N33U35a% 3 H1 MINIATouIAgIONTUBNAA Y (e nFoNgavgil 121 ssrisaied 1 una 15
~ o ] a = A (% o g [ o
W) wued ey 1 aas maunuFraanue laslamesunsum 1 afu @nmsdnadiedu
° Jd @ o a o o ax
sazdnnuyareliauduy 10° adesaelSunasiagseiy | das) dmsunssuisaruguld
o a o Jd 1 o = o '
A150221051901113 (EC 1.6 mS/em, pH 6.3) NaunuFmaasmat lasTamesunludasidiondu ux
ya Ay & o ¢ ¥ o = a ¥
Igangiidosdlunar 1 dlamt mindusiimses suszuumsazaesigesnyuion Tagld
470 PET 4119 1.5 83 Aanuianaidaneon taziiliaasesivainanlaasluyie PET mu@enny
Y
minaaodlude 2.1.1 MsazaesIgese: Inarumyuztiud ) lnassgnszuzldansazatonig
! Y v 9 v '
pmsfsina 15 ans Nlduasazaeimiiniuasazate ] lvarunaug dlidagsessun 141y
' v g}/ [ 9 o o = o A @ 4 A
MINABIBYIAADANAT HAIMINUUINMsIeRnaaanIuTonnely 3 dilad astlgnluszuy e
I~ o 1 4 . . ] Aa a 1 a a I
Hud219% (indicator) 15U AmAAUnAa199 1dun mssganTe dvesly 1udu Tag
= Y an a 203 ' A A a Y
nfSeumeununssuIsaiugy tazhanafuiheimeiemyeandaumesluaisazals #3191

° g < @ ] @ o
NUINYTLIINSITOI T harzianum Iﬂﬂlﬂﬂ@?ﬂﬂﬁ?ﬁﬁ]iﬂﬁiﬂ ﬁ’ﬁﬁ%ﬁmiéfi%ﬂﬂﬂiﬂﬁ uae
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I o o L] o d o [

asazawlunszuzilulsgsmaddanidluszeznar 6 dlam dwmsuswnulsennslusinie

Y [y L:' [ 4 @ o t&l . 9 Ay
nadauMasniunszezna 4 e (ussu) asriud sz nns®oes 7 harzianm A¥75

4 Y
pour plate technique T1®MTABUFD TSM td NIMNA UMWY TZINTAIGATINAY 1Ay
v <K a a A 9 1 o 1 901 [} 9 d‘
HuiinnsigauTavesia laun $1uauly vuansay uaziminduuazsin (Mey 4
o <. v a a o 1 U o Y a {
dlam) nieunudunannuialndvesisaina1n Tudiuvesaisazareiinisinnioondoud
’J 1 [l 1 o 1 I 1

a¢01911 (DO) AINNNYYU (TDS) RTIRERYRNRR R (EC) mManuiunsanig (pH) GFGARR

msazane Wutlszsmadlani

2.3 ANuaINs0veaTaqgsesSuIumstudure Pythium sp. Meavasnnmslsau
k4 Y b
ATONEITUVINAOUFD  Pythium sp.  1AOMIA0UFOAINA1IIUWNT V-8 juice broth
%I Y a a aa g a aa I o 4 g}z o 1
Wszneudie 1in 8 ¥ia 200 Haaanas wagii 800 Haaans) Wunar 1 dUat nniuihd e
{ & =3 X ? A ] o o
dule  (mycelium)  AFoadwyulddulmhnaunayeudy  asamindiuveenug laely
Haemacytometer tazU511# lapnutiaudy 10° propagules/ml Y51ar 500 fadans laaslumwue
[ o 9y 1 Y 3 @ a J % 1
U539Ia9Ie9suIINMInanesteo 2 tulAidlunar 24 4lus @andunudeduasuiuase
dy : ) a aa 1 dy dy Y KX o o dy
VOUFD Pythium sp. 11U 10 Haaaas laaslunuemsiaouse 1a1991msasadulsennsae
o < ) [
Pythium sp. A287T modified baiting technique (WIHNNIF, 2539) HASUUNAALAINIIUIU 10 1HAA
' o 1 Zyy L bs migig D R I DU T SR

urluasuvinasenanan 1913 24 $2lue Juiwaaunsna A e nauHeige ol
INNVUUDINIT cornmeal agar (CMA)+BNPRA (‘ﬂﬁzﬂ’ﬂ‘uﬁ)ﬁﬂ Benomyl 10 ppm, Nystatin 25 ppm,
Pentachloronitrobenzene 25 ppm, Rifampicin 10 ppm, Ampicillin 500 ppm 8% Rose Bengal 5 ppm)
' P A9 A A < @ a o 3 A Y
Uuinganpites Tuiiia Wuna 24 ¥1Tue Uszliuwalaemsasinivwaauaanniiidule

@

Y
YOUTO Pythium sp. W3 QYOONU

Ad 1 o

3. M3ANMINAYEL TR 5095V HUNIA I 1MIUUIZTINSVOUFO31 Trichoderma sp. Iuasazany
5190 1HITHIUIIBY
o a 1 =~ v = 9 Yo [ a ~ Y 1
AuluMsITuAeININITNeaIN 2 ual4iagsessueiunia laun ns1ene1u ne
= IS J 4 a ¥ v g A Y o a A o
azi®en Waaum o lai letiu weuh uazunaum vanniuienuNIagseivolunid
A o

4 H Y k3
wiia lali i uIulse v nT¥e1 Trichoderma sp. WINNGAUALANNTDTUINTO Pythium sp. A9
q

naaluaeswuduusn 315 luninaaod 4 uaz 5 ae lal

v w d [y (Y o L
4. msfnpIANNFNRUEszHIes Hanaz3nasvesTagsesiudeduiuszyinsveures
Trichoderma sp. TMA5AZAYB5 10 1HITHYUIEY
MHUNTNAABIUD split plot in CRD fvuald Jadendan Ao slinidgiossy (g

o Ay v A ) o A A o o a
5@QﬁUVIhlﬂi]Tﬂﬂ1§Wi]15m1ﬂ1ﬂqlﬂ 3) ﬂﬁ]ﬂﬂj@\? o ‘]Jill”l@]ﬁﬂlf’)\i')ﬁﬂiﬂWj‘]J 2 ‘]Jﬁlﬂ@'li (1 uaz3
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a ° . Aa = Y Y
ang) MM 5NAa09 sV solution culture NAAAITZTUVNTBIFININ IaalEne PVC vuanti
a a a ¥ J @ [ 4 @

ﬂ'?l}'N 10 I HUAWAT 817 100 BUANAT AAAINAIUSTUsTAUAITAZa1Y Lﬁ@ﬂ?ﬂﬂﬂﬁ]ﬁi'lﬂ']illﬂa
Y %’ F) [ ~ g‘_, o w ] Y )

voda1sazate ag 1Hun1euiau (overflow) ANNINN 3 mﬂuuunﬁ@imw"lmm aunlnunved
é 9 Y Y o dy . a Y d’l 1% d' o 1 v} dy

LagnNauLNI clfﬂulﬂﬂllﬂul'lﬂﬂlslfﬂiT T. harzianum ¥R UFOEA lUonTINMUARDH AFOaA |
@ S % o A @ d o a ' @ 1 v o

NI QWﬂHHgTGWﬂﬂ%‘HT@ﬂﬁGTQ 3 dUaw Saurilaas 3 s?fu NFITUUAINAT ATIVUUVITUIU

j’ . v K a a A o 4
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TAv% Duncan’s multiple range test (DMRT)
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- uuly VIANTINY (FW.)
NITUID

wk. 1 wk. 2 wk.3  wk. 4 wk. 1 wk. 2 wk. 3 wk. 4
trl 3.8ab 0.7b 3.1b 3.8b 4.7b 0.9b 3.6b 4.1b
tr2 1.7b 0.0b 0.8b 0.8b 1.8b 0.0c 2.6b 0.7b
tr3 1.8b 2.0c 0.0c 1.2¢ 1.6b 2.4b 0.0c 0.8¢c
trd 1.6b 1.7b 0.8b 1.0b 1.3b 1.6b 0.8b 1.1b
tr5 3.3ab 1.8b 2.1b 2.3b 4.6b 2.9b 2.8b 2.8b
tr6 6.3a 5.9a 7.3a 8.6a 9.6a 9.1a 9.7a 10.4a
tr7 3.0ab 2.6ab 1.9b 1.1b 4.0b 3.3b 2.3b 1.6b
tr8 2.2b 0.8b 0.0c 0.0c 2.4b 1.1b 0.0c 0.0c
tr9 0.0c 0.0c 0.0¢c 0.0c 0.0¢c 0.0c 0.0c 0.0c
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Trd= auvlpiuued 9031 1a 0.5 aasaoun, Trs= aurminued oasiva 1 aasaeui, Tre= aunlniiuved 831 1va 2 s
@OUNN, Tr7= SSF 8031 1%a 2 Anseoui, Tr8= SSF 8a3111a 2 Aasaoui, Tro= SSF 9a3111a 2 Ansaoui
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ANARABDIN 3 1 NAUAEFIABTINNBUAUMUNLIAA THTANNLANA N UN AR AN TEAUANMFBNY 95 nasidFud (P = 0.05)

1a875 Duncan’s multiple range test (DMRT)
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MNA 4.21 HAVOIFUATAATOITULALEATING HAUDIA15AZA1051N0INITADNITIII YVDIAD
v W 4 . . I Y o @ a 1
aaniane5ien; A: biofiltration 1 unauW i uIan5095U 0A311Ma 0.5 Ansaoui;
B: BF 1 8a311va 1 aas@eu; C: BF 1 8a3114a 2 an3aoui; D: biofiltration 2
) < [ % [ a 1 =1 [ a [
audnivvemiluiagsessy ons1lva 0.5 ansaouf; E: BF 2 6a311va 1 ansAo

U19; F: BF 2 891311912 28a390U19; G: SSF 603114 0.5 ansaeui
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ﬁuwm‘fm@mﬂui’ﬁ@iaﬁu 9n311%a 0.5 anIAouIN: E: BF 2 8931 1via 1 ansae

= v a 1 =
UMN; F: BF 2 ﬂﬁi?ll‘ﬁﬁ 2007A0UIN
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1.2 USanou¥e Pythium sp.
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6. YszanEmmuasszuunsaawinm lumsaiugulsalaunsnunluszuy solution culture
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Pythium sp. voInnadalameiigatazisaneia Aera1nnnIslgaie 7 u;
A: healthy control; B: inoculated control; C: FEUVNTOIHININ 1; D: FLUUNTOIHININ

Y
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&£ :
+H¥® Pythium sp.
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MNA 4.28 (99); A: FZUUNTOITINMN 2; B: FEUUNTOIFININ 2-+1%0 Pythium sp.; C: 58UUNTON

' ' &
NTH‘VI?TEJLL‘U‘U%}T; D: i%‘U‘}Jﬂi?NNWUVI?WEJLL‘U‘U‘]BS}WHGD'@ Pythium sp.

6.2 Usz1n31%0 Pythium sp.
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SSF Hidns1anateduaeiios 1ndlaiusnitiganit 4.0 log cfu/g Tagludanigaievesnis
= &‘ A 1 =
NAa0I BF 1 NU521n51%0 Pythium sp. oofiga Ao 3.0 log cfu/g @3ulu BF 2 uay SSF 1

Q
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sz 3.6 log cfu/g (MW 4.29) daulua1saza1951991%13 WutiealunssuIsAILAY
. A o o g’/ A o o Y
(inoculated control) A® 3.8 log cfu/ml ludarviusn 9ntuanaatian 3.1 cfu/ml Gluﬁﬂquww
[ U <3 1
YINITNAADI VINN1TNANDIAINA1IMAAITFIAUI TZUUNTOIFININUALIZUVNTOINT 1Y
9 (] &l . 19 Yl J 9 X ' [ Y
HUUFIEINNTOFIONTOUTD Pythium sp. 11 1H lvaasgaisazaios1neis 1a sedewaiilnms

A lsnuazANULTIU0d 15ATINIAAAY (MW 4.30)
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S

§ 3 A T = s > —— Biofiltration 1
aqg 5 —¥— Biofiltration 2
=
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S

0 * » " " . 1 dda

1 2 3 4

v 9
MNT 4.30 Y32ANTAINYBITLUVUNTOIFINMNABTIUIULTLHINTITO Pythium sp. Iua15azaY

FIA01MT
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NAM3ATINTSEIRTA Pythium sp. S INUBINFNATOU WUN “luﬂﬁuﬁmmguﬁ
ﬁm”li‘ﬂgﬂ!,‘f;@ (inoculated control) GIi’J%W‘Uiﬂﬂﬁijﬂ Ao 4.1 log cfu/g Gluﬁlﬂﬁawﬂﬁ’lﬂﬁm“]fﬁﬂ
5040493170 SSF 710 3.6 1182 4.0 log cfu/g wazlu BF 2 (aulmivuemiluingiesiy) asamy
Uszaniide Pythium sp. Jusnvesrnadaianesisauazisanesaiieod 1.5 uag 2.6 log cfu/g

(MW 4.31)

USunaure Pythium (log cfu/g)

fiamosian 15an8354

B Inoculated control P Biofiltration 1 B Biofiltration 2 I SSF
{ 3 o
BF 1: 5501N503%30 1 (Biofiltration) NNMNAMH NI U IAGT0ITU; BF 2: 32 UUNTOIBINN

alauniueailuiags095U; SSF: TZUUNTOIMUNT UV (slow sand filtration)
d' A a ~ 1 dy Y @
MNA 431 Us2anTn1NveITzuUUNS 0B INNAD LTINSV Pythium sp. 1USINVBIANAEA

amostgauazisnnesa

6.2 Uss¥n31%0 Trichoderma sp.
6.2.1 Usz9105%0 T. harzianum 11 3a@3095unaza3az 01851001415
v &l . = d' o g .
MNMIATINTVUTEPINGFO T, harzianum Y9I38VUNTBBINNNAIINTUQNIFO Pythium
" 9 o &l J té’ . o [ 1
sp. uaz lilaviimstgniye wud Uszannsi®eo T harzianum Tuidgsessuvesszunnsoaas
] 1 [ as A i’ . m 9 o &’ '
zuu luuana i (035 NUgNEe Pyrhium sp. naz T ldhmsilgnire) dauluaisazaiesig
1 o 3 { ' tg tg
prnstianuuanannuiisadniios Taslu BF 1 71 lilgniediilszmnai®e 7. harzianum 1.9 log
[ 1 &’ [ U <3 [
cfu/ml @aunssuIsnUgniFonuilszum 2.1 log cfu/ml MinwansNaaonInaILaasldiviun
A < < ° a X a ¢ £
winddsznnsitonelsa (lunsditine Pythium sp.) no19v 1t USuanselfilny (lunsaiiine

2 a
T. harzianum) 3J1ﬂ511u¢]13JU1‘]Jﬁ)’JfJ (NN 4.32)
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US3au%0 Trichoderma (log cfu/ml)

10059951 A130ZAYFINDIHI

" IBF1 [ BF 1+Pythium  / BF2 [l BF 2+Pythium
BF 1: 3211030450 (Biofiltration) Atiunauwniiluiagseasy;

~ Aa o I o o
BF 2: fl'gﬂﬂﬂﬁﬂ\?‘]f"]ﬂ']Wﬂilﬁllwﬂuuu@ﬁlﬂu')ﬁﬂiﬂ\15ﬂ

H a a 1 g o v
MNA 4.32 UszanTmMuueszUUNTNBIMNADUS2 NI Y0 T. harzianum Glu’lﬁ@’iﬂﬂiﬂl!ﬁ%

BRPGEAREIRIORRIRE)

6.2.2 132910390 T. harzianum lusninsnaaen

ﬂ‘%mmn% Trichoderma (log cfu/g)

amosien 15AN05a

[ IBF1 M BF 1+Pythium BF 2 [ BF 2+Pythium
BF 1: 52UUNT045I0 W (Biofiltration) Wtiunauwiilutansesu;

= A < 3 o o
BF 2: §$1J']JﬂifN‘]f'J.fn“V‘WlHﬁ!!ﬂﬂuuu@ﬁlﬂu?ﬁﬂiﬂﬁiu

v Y
MNA 433 1]33ﬁ'ﬂ'ﬁﬂ'l‘W‘ll'l’N53‘]J°]Jﬂiﬁ]\?%’)ﬂTWﬂ@ﬂiZ‘D’TﬂiL%@ T. harzianum Glu'i'lﬂﬁ%ﬂﬂﬁ@‘ﬂ
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o [ g % [ @ 14 3’; 1
FM5VYsemnT¥e T harzianum lusiniynagevvesrnaaatinmeseatiy lunassuy
4 A &l ] &l . g 1 @ = < Y v 2
nsoanangniyenas ladgni¥e Pythium sp. u nanansnuiisaantiosmniu Tagasiany 3.4
1ag 3.7 log cfu/g BF1 LAY 4.8 1A 4.8 log cfu/g W BF2 UIAEINUANAAAITAND5a d41u BF1 7
9 Y v
Ugniyrouaz lidgnionuludSmaninufe 3.4 cfu/g (M 4.33)
d’ a A = 1 a a LY v W 14 AN Yo
M13197 4.15 Us2ANTMNV0ITTUUNTOIFIMNADMIs AL Tnvesrnaaniamesian N lasy

Y ;4
mstlgnisoras 1uilgnirre Pyhium sp. Tuszu solution culture

. Uy VUIANTINY (F1.) WD (W)
N3G "
wk.1  wk.2  wk.3 wk.4  wk. 1 wk.2  wk.3 wk. 4 AU 310
Healthy control 12.8a” 15.8a 16.7ab 19.4ab 21.0ab  25.1b  269b 27.8bc 49.03ab 7.91ab
Inoculated control 8.4b 12.0d 14.0¢c 14.2¢ 174d 20.5d  21.8c 21.0e  21.98c 4.38d
BF 1 129a 16.6a 17.2ab 20.6ab 21.8ab 25.5ab 27.1b  282b 47.87ab 7.17ab

BF1 + Pythium sp. 123a  157b  169b  19.0b 20.9bc  24.4b  26.1a 26.7c 46.73ab 7.12ab
BF 2 133a 174a 196a 219a  21.6a 26.la 279ab  30.la 62.86a 8.77a
BF2 + Pythium sp. 12.9a 16.6a 18.2ab 20.8ab 21.7ab 27.0ab  28.6b 289ab  61.64a 6.74ab
SSF 12.8a 15.2a 17.1ab 189ab 21.3ab 254b  26.1b  27.1c 41.79ab  4.66¢
SSF + Pythium sp. 11.8ab  14.6c  16.6c  18.0b  19.3c  23.7c  25.5b  26.5d 40.29ab  6.02d

& o ) & o o
uBF: biofiltration (BF1 LLﬂﬁULWTLﬂu'Jﬁ@?@QiU, BF2 ﬁu‘l"lﬂuiﬂlﬂﬁlﬂuﬂﬁﬂif’)\ﬁﬂ), SSF= slow sand filtration
yr A 3 A Y o v A o Yy oia AR aad o A Y s
AURAYIIN 3 A1 1/1&ﬂmﬂ’mmanysmnauﬂummm’;m"limmmummdnummaﬂmmummmauu 95 115 1FUa (P =0.05)

1n@75 Duncan’s multiple range test (DMRT)
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A ' a

<3 ] 1 [l 1 ¥ {
nnasagiulan luanmiluiiyeneaIsa (lddgmide Pythium  sp) n3suasnly

a { @ < Y @ £ v o o ~ a a
szUUNTeIFIMWIRNaunuNue A uIaTe9s Y (BF2) Andanliamoiian Inismiaan lauay
nawanganga Taels1auly 21.9 lu sagvinansawu 30.1 uamas drulunssuIsarugun

b v
lgniase (healthy control) is1mauly 19.4 uazlivuiansanu 27.8 udwas &9 lunana1eny
1 k2 H
BF2 N1/gni¥e Pythium sp. 1T wanly 20.8 T 11ag 28.9 Isufmgs #an13naaoIaIng g
Y 1 9 A 2{ = <3 o Y a A
T udluan mnidoawig 19a s2UUNI09F N AT INMsRI yvoINynaao
1w an A ] dy Y 1 = A~ I @ @ 9
nunssasauaui ludgnide 18 druluszuunsesdinmnlunauiluiagsessy (BF1) udl

A A dy g‘.} S o o 9 a 1 [ as ~ 1 dy [
Gluamwwmﬂfamm@uu ﬂEN‘VnGI,“Hfﬂil%‘iﬂJUUlﬂJlW]ﬂGﬂx‘]%?ﬂﬂiill’)‘ﬁﬂ’)UﬂﬂJ‘ﬂul,llﬂgﬂl“]ff]llﬂ

= ) ~ 1 9 A o X <3 o Y A
IBUAYINUY YUSNTTUUNITDINIUNT UMDV (SSF) c|/|‘1/I|']'i’]']§”llgﬂl,(’]f’if] ﬂﬁ'liJ'liﬂﬂ'lclﬂW"]f

a a

! { { ' ] W v
wigdu Talaunn1nssuisaruguilgnide (inoculated control) 14 o813 lsnamluan1izi i
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=\ ,&’ v 3}1 = 3}1 =\ 9 ~ o Y A a a 9 [ a
UIBDN Iif"lLl‘L!i8‘]J‘]Jﬂii’NGIf’JﬂWWVNE‘T@Qmm’JIHNVIi]Sﬁ”lll”Iii]‘V]”Ich/iWﬂfli]iil]um‘uiﬁnlmylﬂﬂ’ﬂﬂﬂ@]

A A 1 = @ [ o [ [ & A (=} j’ v =
llﬂ (TN 4.15) WWUAYINUNUNNTAALTANDI A “h’ﬂl!ﬁﬂ”l?]z%llllm%ﬂﬂﬂiiﬂ TEUUNTDIFININ

g <

o Y a a 1 1 ax A ] &’ 4 A ?J
‘VNETE’J\1ﬂfT"IﬂJ"ISE]‘VI"IGL‘Hﬂ"liLi]iil]um‘]JI@]]lmmﬂ@]”lﬂﬁ]”lﬂ'i'ﬁJ’J‘ﬁﬂ’J']JﬂiJV]llﬂJ‘]J@jﬂLGIff’Jllﬂ YUEN SSF UY

138 o A

) [ ° Y a a A I a a A 1 as ~
LLlIi]SllllE‘T”Ill”Iif]‘V]ﬂﬁﬂ"liﬁ]ﬁmlﬁﬂjﬂﬂlﬂﬂwsﬂlﬂuﬂﬂﬁ memmmsig‘vmmﬂuﬂssmﬁmmw



62

v
=

j’ I A 1 ~ = j’ 1 = g’z =) Y
ﬂgﬂl‘lﬂ@ LLQZL‘]JL!‘V]L!1?(1‘!%]’JﬂuﬁﬂWW‘ﬂthm‘lf’é]ﬂﬂIﬁﬂ iz‘uummmmwmﬁmmmﬂuum bt

aunsonIniwesaanTalauinnndld @31en 4.16)

=3

M13197 4.16 UszANTnmveszUUNTOITINMARNISS AL Tnvednadasanesa N5y

Y 4
msignireuaz ludgmide Pytium sp. Tuszu solution culture

. 1ty YUIANTINY (1) NN (MFN)
N33u7D" "
wk. 1 wk.2  wk.3 wk.4  wk.1 wk.2 wk.3 wk.4 @U 310
Healthy control 8.0a” 9.4a 11.2a 11.3ab 21.8ab 24.5a 25.8ab  26.4b 35.53ab 6.37ab

Inoculated control 2.9b 4.2b 3.2b 37¢  103c 11.4b 8.3c 8.3d 5.58c  2.51d
BF 1 8.0a 10.2a 11.7a 13.0a 22.0ab 25.4a 27.4ab  28.8b 44.10ab 9.49a
BF1 + Pythium sp. 7.6a 9.7a 11.0a  12.1ab  199ab 23.9a 257b 26.4b 38.75ab  8.99ab
BF2 8.7a 10.6a 13.1a 15.7a  24.1a 263a 28.1a 29.6a 51.09a 9.57a
BE2 + Pythium sp. 8.6a  10.3a 12.Ja 139a 21.4ab 24.8a 27.7a 28.6ab 52.69ab 7.63ab
SSF 8.1a 10.1a 11.6a 12.8ab 22.4ab 24.2a 25.7ab  26.6b 39.08ab 6.67b

SSF + Pythium sp. 7.1a 9.1a 10.7a ~ 10.1b  20.7b 23.1a 24.8b 21.2c¢  32.34b 5.38c

. & o o & & o o .
" BF= biofiltration (BF I tnauiiluiagsedsu, BF2 auvniuuemiludadgsesi), SSF= slow sand filtration
yr A Z A Y o v Ao dyoa 1 aad o = s 7
ANRALIIN 3 1 NATNAWAIDAY I HOUAUMULUIA TUTANVUARA 1A UNITIANTZAUANABNY 95 11/aT15Ud (P = 0.05)

TAv7% Duncan’s multiple range test (DMRT)
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Y

{ 3 =
1382195190113 N 15 Tunsnaaeenseil iJua1saza1e519011M13A1WgAs Modified

1 Y
Benoit (1992) Haiaunauaane 11/l

1 3 a 1
ET"I’i@Zﬁ]ﬂ!%N%‘H A (DU 20 a919): mmﬁmﬁ’u 100 1

Potassium nitrate (14% N, 46% KZO) 0.592 kg.
Calcium nitrate (15.5% N, 20% Ca) 1.340 kg.
Fe-chelate (6% Fe) 0.100 kg

1 %’ a 9 1
ATAZANTY B (91911 20 8AT): AMANTY 100 111

Potassium nitrate (14% N, 46% K,O) 0.592 kg.
Magnesium sulphate (16.7% MgO, 13% S) 0.320 kg.
Mono- potassium phosphate (35% K,0, 53% P,0.) 0.354 kg.

Microelement (nick spray") 0.030 Kg.
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et Tainan1e, FANUT newns ayguTo uazwIHUIA gHINRL. 2558, MIANYINAYRITAATEISY
aems)asunlasiuaulsesng Trichoderma harzianum a3 080185190 IMTHYUIBU.
a 1 a 3/ 4 a 14
Tu mydszpAmmsiseIuuianansai 14. 1820 wyeimou. T5ausuaUuIyEMSIAu,
=
¥a1y3.
ard 19inane taznsnuns guImaeil. 2559, msAnvInNNdNITUSsznIeriiaiagsesdy
[ k4
1AZOATINT 1MaVBIATAZA10FIADIHITUDITZULNTOIFINIWNOAIUANED Pythium sp.
1 @ [ a 4 a
auvalsasnnivesdnaanluszuylelas Intind. Tu msdszguinmsnunyas
9 H '
UITAIT ATIN 14, 1-3 WOATNIOY AMTINEAT NINEINTTIINFIALAZTILIAZ BN
UMINBIAIUITADT, W Tan.
Jaikengkaj, K., Koohakan, P. and Jaenaksorn, T. 2015. Comparisonof 7richoderma population in the
re-circulating nutrient solution with and without supporting material. page 177-180. 2™
International symposium on Agricultural Technology. 1-4 July 2015. A-one the royal cruise

hotel, Chonburi.
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Y5290 Trichoderma harzianum1We1382 0185 19)91%1IHYUNSY

HAUIUT O Comparison of Trichoderma population in the re-
circulating nutrient solution with and without supporting material
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