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Abstract: The application of seed treatment with microbial probiotics for plant growth promotion plays an
important role in optimizing the use of seeds for maximum benefit. The purposes of this experiment were to
evaluate seed treatment with microbial probiotics plant growth promotion of lettuce seeds, and tracking
germination and seedling growth and cultivation in soilless culture conditions. The experiment was carried out at
the Agriculture and Agri-Food Canada (AAFC), Canada. This study was divided into two experiments: The first
experiment was carried by selected two microorganisms: Pseudomonas fluorescens 31-12 and Bacillus subtilis.
Each type of microorganism was used for seed treatment consisting of soaking, coating, and pelleting, and then
the germination and seedling growth were examined. The laboratory results revealed that seed germination was
not significantly different. However, seed coating and pelleting with P. fluorescens 31-12 had the best shoot
length, at 41.16 and 41.23 mm, respectively, and seed pelleting with B. subtilis had the best root length of
124.26 mm. The greenhouse results revealed that seed coating and pelleting with P. fluorescens 31-12 had the
best shoot length of 60.10 and 57.85 mm, respectively, and had the best shoot fresh weight of 747.72 and
743.06 mg, respectively. The seed pelleting with P. fluorescens 31-12 had the best shoot dry weight of 28.83
mg and there was significantly different compared to untreated seed. The second experiment, selected coating
and seed pelleting with P. fluorescens 31-12 to cultivate in soilless culture conditions. The results showed that
seed coating and pelleting with P. fluorescens 31-12 had better leaf fresh weight, leaf dry weight, root fresh

weight, and root dry weight, and there were significantly different when compared to untreated seeds.
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a A a o aAa ' v o A = o & a - a
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F1ua17819117 warn1sf1un1uselsaiinann #5n9nismagreamesn (Bloemberg and Lugtenberg,
\Ieqaurisdau o) isedazanarsienNes Ay (Bardi 2001; Turan et al., 2005)
and Malusa, 2012; Malusa and Vassilev, 2014; N1991 seed treatment Lflu?fﬁmi‘ﬂﬁﬁﬁﬁi@
a =l rdl e 1A < o & dll o [~3 o v a =
Vessey, 2003) Tnatanizqauvidiniilulselumiisai WRAWUFINDENITALATUNNNAANUE T A DI N
ANNTNAT19ENT 1NN A UN THDIN1TANT U AuanA N (Ba15mid, 2560) 1 AUl as
Tnaannzluana Azospirilum, Azotobacter, Bacillus, ~ SNHUENINNILNIN LATEIFINEUUNAARLE T
Pseudomonas U8y Serratia \{Iusiu AAWRTMA R fiu Taqiiudsnisnlifuanuiion ensesnadu nis
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1. MSETENRUNEE

P. fluorescens 31-12 WRY B. subtilis Layﬂﬂu
A TIA LTS 50 laFiEus trypticase soy broth
(TSB, Difco, Becton-Dickinson) Justataaiagin 150
s/l iuinan 96 dalus ﬁqm‘mﬁ 30 84A1
AT HE LATUFIAINATINER LKt LATE
spectrophotometer 17% M’mﬂ’mﬂgu 600 1111 A S
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WUINHLBINLLATF8Y P, fluorescens 31-12 WA
B. subtilis @ 1.534 way 0.631 cfu/ml FANAAU
2. N159" seed treatments
Nnasn1aneaesldwdaiuginnianes 10
mu Tmmﬁn’mmmmwuﬁ (seed soaking) luanung
L@mmﬂmmuﬂfmm L'Z\\EN P. fluorescens 31-12 LAY
B. subtilis W3n1ms 50 Naaans 1{unan 20 w1f
A9UNITIARBUINAAWUWS (seed coating) 14

carboxymethyl cellulose (CMC) 85191 0.1 taidus

(Sigma Aldrich) iluansiAR ey uazN INaNINAANUE
(seed pelleting) 14 CMC 8731 0.3 ilasidus 41usu
Wudanilszaiu uazld calcium sulfate 87197 250 niu
ufannen laeiisnane: 9 38ns A 4 37
Al 1 anniiiava 3 38ms snanmaadluanm
anmnAfieadum 24 Fala
3. NM19MSIAFAUAIINIANUDUNRANY G
HnnIAuAN

31N13ATIRARUAIINIAN IUANIN
ieedfjumnag

nsAIRdaLAfNMen lugndieaLiRng
MnlnegunAnRugurazisn1sauan 4 in 71 8% 10
Wan umageuanNeaningligunizasineen
(growth pouch bag) mmfuﬁﬂﬂi?’ﬂuﬁLWﬁ”mwm‘aﬂ
pauunfiady (12 4a%u9 20 faqmlfmuﬁm WAL 12
Falue 15 e9AnTaLdua AT UANNE 30-50
wWefidus) wavtnnyssilunanuIanmINuan
@na (ISTA, 2013)

Table 1. Method and formulation of seed treatments

3.2n17A A8 LANNNIBN TUANINITEU
NARDY

mqqmmfmmaﬂimmﬁuLuﬁmﬁuﬁ:‘ﬁlﬂm
NITUIUNTTN seed treatment WATIHAAAIL AN
Ve & 7 82 50 WAA NmMAgeLUANNeN U
nqu %ﬂ%ﬁmmmﬂuﬁmmﬁ:ﬁuﬂﬁﬁ wansziung
99807 4-7 $14 LAZNIATIAFALANNNIANE Y
szl R eai Ui LAsn1smsaaaau luanin
ieefjLiAnng (ISTA, 2013)
4. nspsamaunsilasunlaimsiasnyiauin
YBIAUNARNNANRDN

N19MIIRADLANNLNIFIU LATAIINENIIN
Usfinf 14 Tundaign VT”q‘lummwﬁmﬂflu“ﬁﬂmL@z
ANNETRUNAADY IAYTRTNNIMNIVRABLIAAT

4.1 mansaagevluganndiesdimnis

natdszifiuluanmiiesdjiRnisliguniy
ANN9EN HaLls2IT LAY NENIE ULAZAINNEN2IN
VA 4 41 7 a2 10 fiu Inen1smaadnmmeg
FuazinsausiBndauduauiislang daunanuenn
snazdafeurlausnauilanssn (NaALUR9)
PAIANNITAIIRTAATNLNIAULAZAINLNIIN WAI
vhdundliamagairiiminas wazinuinuises
Kundn Taein 491 7 az 10 Ku laanisdssidum
simidnuts naaaulufALANgUUYN 60 BIAN
maFea unan 72 4alus udaninldainingae
TN 3 St ()

Seed treatment Control  Coating  Pelleting Soaking Coating Pelleting
substance F1 F2 F3 F4 F5 F6 F7 F8 F9
Carboxymethyl cellulose - 0.1% 0.3% - - 0.1% 0.1% 0.3% 0.3%
P. fluorescens 31-12 - - - 50 ml - Tml - 1 ml -
B. subtilis - - - - 50 ml - 1 ml - 1 mi
Water - 99.9 ml 99.7 ml - - 98.9ml  98.9ml 98.7ml  98.7 ml
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multiple range test (DMRT) Taeldsunsuiimszsinig
77 SAS (Version 9.3) LALNNIMAREIN 2 WReLITe
ANUWANFANNIBITNTARELLAZNNINENNAA IR T
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NANISANBLAZAIANTO

N1SNARRIN 1 N1SAALEANIBNI19% seed
treatment uazi3aqAUNIEA MNIzaNA BT
wsgysAulpuaIRnMaAraN
1. WAURRAUVEEIAUATNMTas AL InTaINT
ABNS9ANUBINNNIANAN
luannitesljuRnisilesidudaaueen
PRINTNN seed treatment FALATNITUANFNTUNLIFN
Tdunnsnaiulunneads daunueafiunugn nns
WARLINARIINAL P. fluorescens 31-12 (F6) uaznng
WONNAATINAY P. fluorescens 31-12 (F8) NANNEING
ﬁumﬂ‘ﬁ'qm D 41.16 UAY 41.23 HARLNAT AMNANAL
SauBeufisuruganiunu daunianenafagauriy
B. subtilis (F9) §A21N81991NNINNI 1Y AAIL AN
(124.26 RARNAT) b6 HuANANAUALAENNINENNAR
Kau3snnsau TuaTAITNANINAATINAY
P. fluorescens 31-12 (F8) fiaminanfudunnndn
F1,F2, F4, F5 T T RT T Tt F1,F2, F6
Lﬁ@LﬁﬂULﬁﬂuﬁﬁ%miﬁ'uj WATHANLANANaTY
Tunnagnm (mmxﬁ'{ 2)

i afiansnuN33N199n seed priming WuAn
ANINENIFULATAINENITINNINNINNAATAAILAN
LazLANANAUIUN9AT A Inan1911 seed priming
WuAsnnsudwAnsandu P. fuorescens 31-12 LAy
B. subtilis \flwi9an 20 undi 3933n3sanananiali
qauvisdaunsanzAnlUiuiamanls (Ashraf and
Foolad, 2005) wsin19%1 seed priming SauiUqAwWYEe
HiiadninAe s2a2981N9UT LAz M) VAINIAA
mm%wmm“mﬁuﬁ: (Kasim et al., 2013) datlaseivans
asflnasiepaiiiinresanidnanllfumda ua
R ANTUNRANIINAABIMAININ seed priming
Roaqduridiaunumanwuginninvaninainli
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Table 2. Germination percentage, shoot length, root length, seedling fresh and dry weight after tested

under laboratory conditions

Treatments'  Germination Shoot length Root length Seedling Seedling
(%)2 (mm) (mm) fresh weight (mg) dry weight (mg)

F1 96 36.06 b’ 102.83 b 180.81d 10.83 ¢
F2 100 38.36 ab 104.76 ab 206.75 bcd 12.62 bc
F3 100 36.33 ab 113.26 ab 226.70 abc 16.66 abc
F4 100 40.63 ab 112.40 ab 203.63 cd 14.31 abc
F5 93 36.73 ab 112.03 ab 198.85 cd 13.84 abc
F6 100 41.16 a 113.70 ab 231.62 abc 12.60 bc
F7 100 36.36 ab 118.33 ab 22217 abc 19.54 abc
F8 100 41.23 a 120.33 ab 246.74 a 22.32a
F9 100 37.43 ab 124.26 a 243.19 ab 21.56 ab

F-test NS * * * *

CV(%) 4.35 6.76 8.92 9.45 9.89

* Kk,

ns,

: not significantly difference, significantly different at P<0.05 and P<0.01 respectively

" Fl:non-treated seed, F2: seed coating alone, F3: seed pelleting alone, F4: seed soaking + P. fluorescens 31-12, F5: seed soaking

+ B. subtilis, F6: seed coating + P. fluorescens 31-12, F7: seed coating + B. subtilis, F8: seed pelleting + P. fluorescens 31-12

and F9: seed pelleting + B. subtilis

? Data are transformed by the arcsine before statistical analysis and back transformed data are presented

® Means within a column with different letters are significantly different P<0.05 according to DMRT

ANENIAL ATINENITIN LATUINUNAATRIAUNEN

ANNIANANHINNIUNAARUFTAAILAN BANAINT

Bennett (1998) $1&911431 N3 seed priming $aurL
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LAzl afansARNNsIAALILAZ AN NG A

WUEWLIN UAINNTARDLUAZNNIWANINAATLE 1 H A
TnedBn1sg

o

TAU919A N TTUIUNTBNUBIUNAAN UG
WADLLAZNITWANINANWUESANAY P. fluorescens
3112 AN TDAUATH AN GIAUIDIAUNE
Annavexlinsnnndngarcunn g P. fuorescens
UNANUAUFAINITONAR IAA (Indole-3-acetic acid)
kA HCN (Hydrogen cyanide) #aanuaiildoutas
Tunssaidiunistinaenaaassunfidnnianes i
81195 (Cipriano et al., 2016) 4914ANE19INNLLN
Asnananwandaniy B. subtilis innaastyiuing
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NINNINYAAILAN INTIFATNINANNAARUT Hans
‘et annmnviediusen < iSawug vnlfiaanan
WANN B. subtilis waz P. fluorescens 31-12 Al L
wiauglEAuanndn WeuBeuiauiuianisud
WAA WAYNITIARALILNAA ANKANITNARDILAA LT
Windn Aannanenuan F8 uaz FO Annaiaanyduln
yeadnBuuazsnetedaan Raiiieenn B, subtiis
WAy P. fluorescens A1HNNT0A9LATIEH phytohormone
Tungu awdin A unumsanianezfunissansn
frf;mﬂmL@?uﬁwmmamﬂﬂ?mLﬁu‘ﬁmmmﬁuﬂéﬁq
(Glick, 2012) 1A AN S AEnNAvaN &
N19%1 seed treatment Faiilefiansunianismaey
uazmanNaAnL) a2 Famstivannisiidunoyua
fdryTivilewtu Ae mm@mmwmm@ﬂqmlﬂmm
Tfuwmdniuglé (Taylor et al., 1998; Pedrini et al.,
2017) IneEnsirdeumasiugiiunisiiniqaunisd
WinnlUiumdnkianedefiiteansindey 1eans
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fige Fa 747.72 uaz 743.06 fiaAnFy AR uazd
psuAnFnaulunnead WenBaufeuiidanis
ﬁluj uazanMsiansi AL ma
NANHNARAIE P. fluorescens 31-12 (F8) ﬁﬁymﬁmﬁq
Sduaniige (28.83 Aaaniu) wazuansneiulumng
AR RLREURL F1 uas F5 (An997 3)

Table 3. Germination percentage, shoot length, shoot fresh and dry weight after tested under greenhouse

condition
Treatments' Germination Shoot length Shoot fresh weight Shoot dry weight
(%)° (mm) (mg) (mg)
F1 93 48.850° 548.75 cd 2127c¢
F2 96 49.35b 559.07 cd 23.81 abc
F3 100 5250b 624.43 bc 25.24 abc
F4 96 52.65b 601.13 bcd 24.60 abc
F5 96 47.85b 518.27d 23.44 bc
F6 97 60.10 a 74772 a 28.37 ab
F7 100 5220b 645.84 b 26.30 ab
F8 100 57.85a 743.06 a 28.83 a
F9 98 5456 b 539.59 cd 27.55 ab
F-test NS * * *
CV.(%) 4.83 5.46 7.59 10.30

ns, **: not significantly difference, significantly different at P<0.01 respectively.
' F1:non-treated seed, F2: seed coating alone, F3: seed pelleting alone, F4: seed soaking + P. fluorescens 31-12, F5: seed soaking
+ B. subtilis, F6: seed coating + P. fluorescens 31-12, F7: seed coating + B. subtilis, F8: seed pelleting + P. fluorescens 31-12

and F9: seed pelleting + B. subtilis

? Data are transformed by the arcsine before statistical analysis and back transformed data are presented
® Means within a column with different letters are significantly different P < 0.05 according to DMRT
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2009) W& ¥ Bacilus (Sahin et al, 2004) & 14 &
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AUATNANAUINNTTR9INUATANFUTBINT IUszeZnEN
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d491A 91729 ACC-deaminase, IAA, siderophores
(Gupta et al., 2005) waza1N1sadntNe a5 0
Funureldos 1y (Saravanakumar et al., 2007)
LAWY B. subtilis A1113043ANH IAA (Zaidi
et al., 2006) warilasiunisdnfiianaaeid a1y
(Cazoria et al, 2007) WANANNRNLIILIILA TN
Mi’iﬁi@dﬂ@?uﬂﬁiLﬁm wulnueaialnenisms
bluimil,fem‘lu Pseudomonas putida RCO6 Waz Bacillus
OSU-142 mmmmqumamammmqmmmw
wazdnun qumnmu (Cakmakci et al., 2007) ke
WLITIENUN TR NTUTBIAYNENIF L LAYANENT
PINVBIAUNRITNNIANBN UFININBNINAARUS
TURU Pseudomonas putida CC-R2-4 WAy B. subtilis
CC-pg104 (Rekha et al., 2007)

nMsNARaLR 2 nasAnsnIsiasaAulnaas

pnmanaslussuumsdgniglsnu
ANHAMINARESH 1 ANIDARAENAZNS

11 seed treatment 1 235019 Aa N19LARALLNAR

%

WUgAe P. fluorescens 31-12 (F6) WAZNIINBNLNAN
WUg#ae P. fluorescens 31-12 (F8) antiutin 2
ﬁﬁm@mmnmmmsmLmu‘im’Lu@uummiﬂ@ﬂwﬂimu
e AN MARaIATT
Hefiansnufaudfieusaninnaeuuas
WONWAAWUG A8 P. fluorescens 31-12 WLF1 N3
Waeulasesinminanuaztitminuiiely dawin
ALt TagediansliTl peuuansng
Auluniead (mwﬁ' 1) usilefiansounu Fauiey
EN19ARLINAATUNAAAILAN WLFINIS
wasuulassesinndnanly gaminuiialy uas
dnmiinudien Saauuansneiy wlinueany
uAnFnsTuluNsR A ansageunisiae e
J09UMINGAN T9aNEANNINARDILEALITLIN
ABNTIMARUINAATINAY P. fluorescens 31-12 §
viwinanly sinusnudisly dhingnsn uaziiwin
WA uanAL (WARARILAN) Aa 24.43,
21.68, 12.02 Laz 28.57 Waidum muanau (mfmﬁl
4) d9un1TH UM EUITNNINDNHAALALINA
ALIANNLIAN tminanly dhmtnudicly dhwinas
0 wastiinuiiean fanauenanaTlunaia
ANMUANAILANDENNT LAY il afiansninnanm

T1

Effect of seed treatment with microbial probiotic growth promotion on plant growth of lettuce.

Figure 1.

T2

T3

(T1) control; (T2) coated seed + Pseudomonas fluorescens 31-12 and (T3) pelleted seed +

P. fluorescens 31-12
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Table 4. Leaf fresh and dry weight, root fresh and dry weight at harvesting (45 days-old) of lettuce after

seed treatments with Pseudomonas fluorescens 31-12 grown under greenhouse condition

Parameters  Leaf fresh weight (g)  Leaf dry weight (g)  Root fresh weight (g) ~ Root dry weight (g)
Coating 11.61 1.01 2.05 0.18
Pelleting 12.22 1.15 2.16 0.21
T-test ns ns ns ns
Control 9.33 0.83 1.83 0.14
Coating 11.61 (+24.43) 1.01 (+21.68) 2.05 (+12.02) 0.18 (+28.57)
T-test * * ns *

Control 9.33 0.83 1.83 0.14
Pelleting 12.22 (+30.97) 1.15 (+38.55) 2.16 (+18.03) 0.21 (+50.00)
T_test ** ** * **

* kk.

ns,
WANFANGTBRENINENNAATINAL P, fluorescens 31-
12 UWATINAATAAILIAN NANTNARBILARI LTTLTWGN
Fannamenwantiimingaly damsnuiiely damin
4A31N UATINMTNUH TR LT Wan A (AR
AILIAN) AB 30.97, 38.55, 18.03 Ua¥ 50.00 tlafifus
ANNATAL ANNaNIAseasiKlfidnan 3annswany
LAZNITWANNAATINAL P. fluorescens 31-12 (ﬂﬂ‘wﬁl
1) ﬁma‘m’%ayﬁu‘[mLLmﬂﬁmmnﬁuﬁnmmmum‘uau
Lﬁ@qmﬂﬁ%'mil,ﬂﬁ@uudifawmLmﬁmﬁuﬁ:ﬁ%ﬁ Aa §
ANTARaLIeaN TA eI uR AN Bt
aunId iRl AuwmAnWugld uazannnis
WU e UITNITAA DL LATWANLNAANLIN N3
panadeUMawaslasiningaly taminuiey
vuiinansn uastininuiann lwuaLuAnsng
AUNINAD B (miwﬁ' 4) wazidiaRansuFaniew
FENIIARBL UATWANINARTINTLNAAAILAN N
U91n797 nsRABLLAENIINENINAAR NANAST
L‘]J?llﬂul,l,ﬂmmm?m WulnreainnianenmnInngn
INAAALANDE W AIAY
Fatiuannnnameaediugnsliiiug udaann
nigAgaadaUnNInasy R ulnTasfiulnnIavay
N991ABN19N seed treatment 3aNF Y P. fluorescens
31-12 Wil Fadn Trmdnanuaztituinudiely
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: ns: not significantly different; *: significantly different at P<0.05 and ** signiffi Cantly different at P<0.01 respectlvely

muunmmm:umummqmﬂquqwummﬁﬂmﬁﬂu
ALWNARTAAILAN Wikl P. fluorescens LGN
sInfgaslAguan AN AR FAan1949a3NNIg
Wiy uinuesiuinglén B nagunsadaLAE
sl uazdeaananmesedinudalTnd Wi
ﬁ@ﬂ@ﬁﬁﬂﬁ%ﬂﬁw (Mahanty et al., 2017) e
WansunsRstyiLinrasludnniaranataaduie
T sfingn P, fuorescens annnsnndmienleslly
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et al., 2016) 34 1uln 1A dqud1Aysanig
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naaRsy LA uin i z\;ﬁ”u (Kumar et al., 2016;
Mahanty et al., 2017) wanaNT P, fuorescens F14
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A1 30 RN 3= ANBANNN9ETR CO, 15”1@\13{1& (Long
et al., 2006) meamiwmmmLmﬂﬂmuu@mq e
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