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ABSTRACT

Growing industrial lettuce requires seedlings that grow consistently, have vigor, and can be harvested
right on schedule. Therefore, in the industrial lettuce production, seedlings with both quality germination and
vigor are necessary. Nevertheless, general lettuce seeds have low germination and vigor. This results in nursery
grown seedlings that grow inconsistently and can be easily destroyed by diseases and insects. As a result, the
production cost increases and the schedule for harvest cannot be controlled. From the aforementioned problems,
seed priming with microorganisms is an alternative to enhance the improvement of lettuce seeds. The four
repetitive sets of experiments were based on Completely Randomized Design (CRD). The experiment results are
as follows. All methods of priming used with lettuce seeds resulted in seedlings with better germination
percentage and speed of germination compared with non-primed ones. Moreover, the differences were statistically
significant. However, the differences in germination of seeds primed with water for 12 hours were statistically
insignificant in comparison with non-primed seeds. On the other hand, seeds primed with 0.4% of B. subtilis for
12 hours became seedlings with better total seedling length when compared with those primed by other seed
priming methods. Contrastingly, all seed priming methods did not show the differences in the seedlings’ shoot
length as opposed to non-primed seeds. It was found that primed seeds with 0.4% B. subtilis % for 12 hours
became seedlings with better total seeding length compared to primed seeds with other priming methods.
Nevertheless, the differences in the total seedling length of those seeds compared with primed seeds with water
for 6 hours and those with B. subtilis 0.6 % and 0.8 % for 12 hours were not found. In conclusion, seeds priming
with B. subtilis 0.4% for 12 hours resulted in seedlings with better germination percentage and speed of
germination. It also promoted the shoot growth and improved total seedling length in contrast with non-primed

seeds.
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Vanderleyden, 2011; Glick, 2012; Rakshit et al., 2015;
Singh, 2016) ¥4 Mahmood et al. (2016) 31897113
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¢/ 8 o Jdo A A
TwsadwaaWuginniaviondle B. subtilis 7l
AUTY TAgINISONan 1-aminocyclopropane-1-
carboxylate (ACC) deaminase 1WNOAIUANITZALID
a a { I
nau Tasazinamawwatny ACC udafasu lihilu
Ol-ketobutyric  taziton TutleNNHanoMITwa3 Y

<3
NNIIDNUDINARA (Arshad et al., 2007; Glick et al.,

2K o Y < o J o A

2007) B IaaugAnmManeunIsIentaL

< a A 2 a
A210Lt521TUnNISI0NAINNTYUIINLAW

Y < < 3 o Jow o
C‘lﬁNﬁ 2 NITIDNTIN ﬂ’ﬂijﬁ’ﬂuﬂﬁ\i@ﬂﬁﬂ AIT1NDN Lm85ﬂ’JHJLS’JGluﬂﬁQE)ﬂ‘UENLiJﬁﬂWNﬁ‘Nﬂfﬂﬂ‘lfiﬁlll'lfiaﬁ

] d QI @ o { 1 o 4
mums“lwamuammnu Bacillus subtilis luszeznauazonsINuana1eny Lﬁ@ﬁi’)%ﬁﬂﬂiuﬁﬂ1w

Y Aa oA
neslgiianms
ac £ % a wAa
NITNIB ﬁﬂ1WT’i®\‘iﬂ§]Uﬂﬂ]§
N1IIONIN ﬂ'J'l?J!%'ﬂ‘Hﬂ'lﬁ AITNION ﬂ'J]N!%'ﬂi!ﬂ]ﬁ
(%) 99N310 (%) 990

(3710/34) (AW
mde 1 lws 95" 45.46 89d’ 10.89 ¢
Insaida + 11+ 6 v 98 48.71 97 a-c 12.10 ab
wsalwda + B subtilis 0.1 % + 6 . 100 49.75 100 a 1244 a
Iwsiiwan + B subtilis 0.2 % + 6 . 98 48.63 98 a-c 12.19 ab
Iwsalwda + B subtilis 0.4 % + 6 . 97 47.71 95 b-d 11.88 ab
Iwsiiwan + B subtilis 0.6 % + 6 . 99 48.92 99 ab 12.32 ab
wsalwda + B subtilis 0.8 % + 6 . 99 4921 99 ab 12382
Iwsiiwan + B subtilis 1.0 % + 6 . 98 48.75 98 a-c 12.19 ab
Inssiada + 11 + 12 ¥, 97 48.00 94 cd 11.75 ab
Iwsaian + B subtilis 0.1 % + 12 %, 97 48.13 97 a-c 12.13 ab
Iwsiiwan + B subtilis 0.2 % + 12 %, 100 49.38 97 a-c 12.32 ab
Iwsaian + B subtilis 0.4 % + 12 %, 76 37.17 98 a-c 12.29 ab
Iwsiiwaa + B subtilis 0.6 % + 12 . 99 48.29 98 a-c 12.19 ab
Iwsaian + B subtilis 0.8 % + 12 %, 98 48.38 97 a-c 12.07 ab
Iwsiiwaa + B subtilis 1.0 % + 12 . 100 49.17 99 ab 12382
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NIINONIIN ﬂ'ﬂ?»l!%'ﬂuﬂﬁ AITNIDN ﬂ'ﬂ?»l!%'ﬂi!iﬂi

(%) 300510 (%) 30N
(510/3%) (AUY)
Aunag 96 4771 97 12.10
F-test ns ns wk ok
CV.(%) 11.94 11.88 7.16 2.80

ns, **: lifanuuanaeiuluneada vazlinnuuanareanuluneadai p<0.01 muaay
3 e a 79 aa an .
"iJasdeyan1stensin wazanueniouthAngzideyan1eada 1agdt arcsin

2 o VoA Vo Aaa ~ ' A An A
ONHIANAUNANNLANAINUNNEDA FsunsuaunasIag3s DMRT P=<0.05

: . <
M9 3 MmafSouneunuungulagds orthogonal contrast ¥BINITIBNTIN, ANWTITUMTIONTIN, AW

< & o do o ¢ & 1 o
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1vs2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15 ns ns Hk *x
3vs10 ns ns ** *ok
4vs 1l ns ns *k ok
S5vs 12 ns ns ** *ok
6vs 13 ns ns *k ok
7 vs 14 ns ns ** *ok
8vs 15 ns ns *k ok

CV.(%) 11.91 11.88 2.76 2.80

ns, *+: lufianuuanaaiuluneadad wazlinnuuanaianulumeasan p<0.01 auady

1 < ' 7 C- ) A 4 - a 3 P

T1 =mwanhi s, 2= ms wsiwaad e HO 01 6 53109, T3 = ms lwsiliiaad e B. subiilis 0.1% N 6 52113, T4 = ms3 lwsiudad e B. subrilis

y 3 < y 3 < § 3 <3
02% 1 6 2139, TS = M3 INSTNEAR B. subrilis 0.4% N 6 $2139, T6 = M3 M5 NAAA W B. subrilis 0.6% 1 6 $211s, T7=ms Iusiiudade
A 4 P a ¢ L= a & C-)
B. subtilis 0.8% N 6 5319, T8 = M3 Wsilm@ad 20 B. subrilis 1.0% 9 6 52119, T9 = M3 nssiwaaaie HO 1 123109, T10 = ms Insiliwaad e
< 3 < I <
B. subtilis 0.1% 12 $21319, T11 = M3 Iwssiudad e B. subrilis 0.2% 12 §21u4, T12 = M3 lwssiudad e B. subrilis 0.4% 12 $21u4, T13 = 3wyl

3 v o S 3 9 o S 3 9 o
WAARIY B. subtilis 0.6% 12 $3134, T14 = M3 Insaland e B. subrilis 0.8% 12 $2139, T15 = s Iwssludade B, subrilis 1.0% 12 $2134
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a ] o
waa la Tws
¢ & 3
Twsiwda + 11 + 6 ¥,
4 I
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4 a wAa
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IHAAME (%)

AR (%) Aunaralnd (%)

wsalwda + B. subtilis 0.4 % + 6 %,

2 0 3 be
Iwsaliudia + B. subtilis 0.6 % + 6 ¥. 0 0 lc
Iwsaiiudia + B. subtilis 0.8 % + 6 ¥. 0 0 lc
Iwsidi@a + B. subrilis 1.0 % + 6 B3, 1 0 lc
Tnsaisda +1h + 12 w0, 1 1 4ab
Iwsiii@a + B. subrilis 0.1 % + 12 ¥4, 0 1 2c
Iwssiwda + B. subtilis 0.2 % + 12 ¥, 2 0 lc
Iwssiwda + B. subtilis 0.4 % + 12 ¥, 1 0 lc
Iwssiwda + B. subrilis 0.6 % + 12 ¥. 1 0 lc
Iwssiwda + B. subrilis 0.8 % + 12 w. 1 0 2c
Iwsdi@a + B. subrilis 1.0 % + 12 ¥4, 0 0 lc
AN 1 0 2
F-test ns ns **
CV.(%) 49.31 36.68 40.27
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Uiﬁellﬂﬂa'lﬂuuﬁgﬁ'lﬂ"llﬁ)\iﬂuﬂﬁ’]
(Arkhipova et al., 2005; Glick, 2012; Xie et al., 2014;
Radhakrishnan and Lee, 2016) Tagmnig Indole-3-
acetic acid (IAA) (Zaidi ef al., 2006) FAAUNLUINFIY

Y ] J o Y Y Y YN
ﬂimumiumwaamma1@1uma@¢1unaﬂ‘namm&

s A é’ a
LEAUNNNINVUIINAY (Honma and Shimomura,

o Y A

1978; Glick, 2014) 49N IAA  §991%10

Aa o o

Y a A A o S’dj’

nszquUMIIyNdae nNs RN NuR TR
' Y v

AN HaziuANNaEINTo lunsdudes1g
= o ¥ A
91113 (Yang et al., 2009) $2UDIN15H111UN

1 a a a A =
dudsumsnigaulavesnylasn1iasg

2’/ d' 1 A

TuTaswulusuussomennesirslunmstaves
4 g @ ] =
¥aaNINUY (Kuan ef al., 2016) 9AAI0E1NITAT

A A
TulasouvewnaiiSeluaewus Bacillus OSU-

403

142 Feaansaiiuwandavestnadyminuas
i I8 fianA 1 (Cakmakei er al., 2007) LAZL
FBNUMSITLYBIANUENAY 1BZAIE1ITIN
YDIAUNAINANIANDY HAINTWONINAANUT
SINY P. putida CC-R2-4 11a% B. subtilis CC-pgl04
(Rekha ef al., 2007) uenanil iledauzifoms

1A5uMsnanAae Bacillus subtilis (EPCO16) WL

o

A

o

a a 9 y A X 1 A o o
M3 aay Invesdunduiuuedgaiiiod
zﬂ =1 @ < Lﬁ' ] Y
iotfeunvivaanlildriunisagn
Y
(Ramyabharathi et al., 2013) A3UU NKANIT
=® N~ 1 rFd < v

naasdnaaslfimuiins lnsiiaadae B,
. I ag o <3 o S
subtilis \WUATMsonszAUUMIMINAARUENA

J 3 1
N uuaaan

Y ° < v oo v 1 s g
C"nﬁ]\i‘ﬁ 5 mmsmmﬁ'u AITNYIITIN Uﬁ%ﬂ’ﬂllfﬂ’J@glluﬂéj”lell’E’)\?Lllﬁﬂ‘wu‘ﬁNﬂﬂ”lﬂ'l’i@Nﬁﬁﬁﬂ]uﬂ”ﬁ"lelllllﬁﬂ

El

SN Bacillus subtilis Tuszeznawazsasifuananny eaitnaeuluanmiesljians

QRREVRL amuvielfiAms

ANENINY ANNEITN NAIINAUNA

(Faaunsg) Glaamns) (Haawns)
wiaa 1 Twsyd 1561b ' 36.94 52.52b
Insafmda +1h + 6 2. 17.44 b 37.10 54.56 ab
Iwssida + B. subrilis 0.1 % + 6 ¥. 15.83b 33.86 49.64 b
Twsiiuda + B. subrilis 0.2 % + 6 WX, 15.86 b 32.94 48.75b
Iwssida + B. subrilis 0.4 % + 6 ¥, 15.96 b 34.76 50.66 b
Twsiiuda + B. subrilis 0.6 % + 6 WX, 17.24 b 32.11 4931b
Twsiiuda + B. subrilis 0.8 % + 6 WY, 16.10 b 36.92 52.90 b
Iwssiwda + B. subrilis 1.0 % + 6 ¥, 1542 b 35.05 50.45 b
Insafmda + 1+ 12 1. 16.57b 34.09 50.56 b
Iwssiwda + B. subrilis 0.1 % + 12 ¥, 1522 b 33.84 49.01b
Iwssiwda + B. subtilis 0.2 % + 12 ¥, 16.86 b 36.24 53.08 b
wssida + B. subrilis 0.4 % + 12 ¥, 24.85a 39.26 63.90 a
Iwssiwda + B. subrilis 0.6 % + 12 ¥, 16.34 b 39.11 55.47 ab
Iwssiwda + B. subtilis 0.8 % + 12 ¥, 15.66 b 39.06 54.67 ab
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QRREVRL amwnieslfiams
ANNEIAY ANNELIIIIN NasINANNA
(Faamnsg) Glaamns) (Haawns)
Iwssiuda + B. subtilis 1.0 % + 12 ¥4, 36.30 52.39b
AR 35.85 52.54
F-test ns *
CV.(%) 11.94 11.70

ns, *: WlANNUANANNNEDA LazlinuIANANNINEDA P<0.05 AWEIRL

o Vo o I v A Y aa a oA At a
1?Jﬂyﬁﬂwﬂuiuﬂﬂaﬂulﬂﬂ?ﬂul]ﬂ'ﬂﬂJLWlﬂGlNﬂu‘ﬂNﬁﬂﬂ Lﬂ%ﬂﬂlﬂﬂﬂﬂ%ﬂﬁﬂiﬂﬂ?'ﬁ DMRT % p=<0.05
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s 3 9 @ o 9
Iwsiwande B. subrilis 0.4 % W11 12 52719 1%
ANnueMAugangatazuananuluneaaie
=1 v A A 1 s I 9
S euieunuIsmsoue aums Insiuanaie B
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