‘swa'm%'ﬂaﬂ'uaa\lymi Uszantlyuisznm 2557

=)

v @ [ a6 . e 1 a a a
m‘s‘l?jmnmmqa%ﬂsﬂ Bacillus subtilis Gluﬂ']iﬁ\‘l bEIN miwszymufm

LY v v A a [~ &
?.Ia\‘iﬂ%ﬂﬂ']?.l"l')‘i’lﬂﬁﬂi%ﬁﬂ'\')%ﬂ%tﬂ&ﬁﬂﬂ%’]ﬂzla

Use of microbial product Bacillus subtilis for growth promotion of rice

seedlings grown in salinity soil

WIganInw mqsz

amﬁﬂmﬁ'ﬂg‘sm

NWEIYW N.A. veed



IRALATINTS 2557A10862011

a o W 6 o
INYINWIVLRUVU AN TO Uszartdsuiszunm 2557

=Y

v @ [ a6 . oy 1 a a a
m‘ﬂﬁmnmmqa%miﬂ Bacillus subtilis Gl‘bbﬂ’]iﬁ\‘l mmmswsmumufm

Y ¥ v A a < &
°1|a\‘i(mma’1°zl’1'm§l]Qﬂi%ﬁﬂ’]’)xﬂ%tﬂu%’m%’mua

WIgaBINN ﬂ'l'siig

AMZINYIEIHAS ARIINYIALLIN

aﬁum&u‘[ﬂﬂﬁﬂﬁnuﬁsmﬂma NIAILEINNITIVY
6luqﬂadﬁﬂmuazﬁ'ﬁumuﬁﬁﬂ 1ALV YURIBIA

ﬁ’]ﬁﬂdﬁ%ﬂmzﬂiiﬂﬂﬂ‘iﬂ’]iQGlNﬁﬂ]sl"]



naanssnlsena

mu%"ﬂﬁvlﬁ%'umiaﬁfuag&muﬂs:mmmﬁfﬁ'ﬂmﬂﬁﬁﬁfﬂu'%mﬂmamidaLa%umﬁfﬁ'ﬂu
q@uﬁﬂmLLa:w‘"@umwﬁﬂmé’a?ﬁ'ﬂwa"mﬁ E%ﬂﬁfmmﬂmzm‘sumsmsqmﬁnm 152311
Julseunm 2557 LLanL@i”%'uﬂ'nm"mﬁamﬂqﬂﬂaﬁmmhyﬁaﬁﬂﬁmuﬁ@ﬂimumméwL%fﬂmu
[ & wn o R ! Ad ' o a A A &
andizad AnRiIBRIVaTALAIUNN 9 drandgiwirnlunmsdinniseinilasassuazlas

a s

56%5%1 WA WUIHS Liﬁﬁﬁ?ﬁﬂ’]ﬂ%‘ﬁ’]'ﬂﬂ%?%ﬂﬂ’] AULANENANRAS IATINBIRYLIN LNBATNIN

©

e 2

"IvLﬂLﬁfIJ@‘FJ?JU"‘I\‘]LLRZQQ‘IJﬂWNiW pazldaananglszns ﬂm3g’3’5’ﬁ’3\‘l°ﬂ a2 auQm"qﬂ

=

InameaaeL
1 Adﬂl g 1 Ql 1 a v dq’ = 6 1 s
YiTuan  Nhlaznstiuagnedsinnanisisehenvazilszlamidanisnawdszine lnelu

Tonada bl

AWENEI 2558



w

Y d a A d . e U a a a Y Y Y
MG INUNYAUNTE Bacillus subtilis Tumsaaa3umsinsgyaulavasdiunaivin

= a 9« H
‘mJgn‘luamazﬂmﬂmnnumzm

a L

av L:yd 9 . . A k) = @ 4 1 a
NUIBUANHHAVINS 1 Bacillus subtilis Muen lanndnsusigaunsglumsauesuy
A a v Vv Y a a A a 4 °
M3 yA Tnvesdunaiinavaenuza 105 wazlnusiil 1 Ndgnluannzdway Taeh
< g o ' ¥ A < &
waatmsgesiuiumsluamsazarerefiauy 10° 10" uag 10° cfwml 1Wunar 6 $2lug
g’/ o 3 Y Y Y FY @ g’./ a =
nniuiwasdmadeulgnlumamizndraudundieny 7 3u nimivandisazate Tydey
4 [y [ { (%
Aae'l5d (0% 1% uaz 1.5%) USuszaumsazateTinsinazlgnaeldaniigms 15 ues
Aad o Y 1 oA v Y Y ' Aan o Y o o
sssunaiiunal 14 U ntiuguidendund 119 nuaagnssuAs S1uau 30 Au e
v Y Y
AME12310 ANNIMAIAY Fahminaa uaziimiinudavesdundiind asiniulsunu
Y
Bacillus subtilis 1nAUIAZIINTINId0I¥TIanaInslan wua1 A2We1310 ANV
g ] Y Y = | 49! [} A v o W aa 9 9 dy
minuisvestieglimgeaiuedliisddynadanuanuiuduvesaisazatoiso
AA Aa o v ¥ o v B Y 9 A A
HUANGEONAY IUANNEITIN ANNENIEIY WITIuTreIdUnIT Nz A AR DAY
9 Y = g A 49! dyq.l 1 di' A A A
Wuuretasazare Is@eunas lsaiuuInIy uennisanu S nasauuaiiFeluau
v Y v A Y 9 ~ s A 2
HAZIINVIAUNA T aAad oanududuvesmsazate Tudeunas lsamuau

o W

o a <]
M@ Bacillus subtilis, AWAY, AUNA1T1



Use of microbial product Bacillus subtilis for growth promotion of rice seedlings

grown in salinity soil

ABSTRACT

This study examined the effect of Bacillus subtilis isolated from a microbial product on
growth promotion of rice seedlings grown in saline conditions. Two cultivars of rice seeds,
KDML105 and Pathumthani 1, were soaked in B. subtilis solutions at a concentration of 106, 10
or 10° cfu / ml for 6 hours and then soaked rice seeds were grown in moist trays. After rice seeds
germinated for 7 days, sodium chloride solution at 0%, 1% and 1.5% were added to the trays and
grew for 14 days under natural light condition. Thirty rice seedlings were randomly sampled from
each treatment. Rice seedling growth in terms of root length, stem length, fresh weight and dry
weight of seedlings were measured. The results showed that stem length, root length and dry
weight of rice increased where grown in conditions of high concentration of B. subtilis. However,
stem length, dry weight of rice were decreased when the concentrations of sodium chloride
increased. Population densities of B. subtilis in soil and roots were also determined. It was found
that B. subtilis in the soil and roots of rice seedlings decreased when the concentration of sodium

chloride increased.

Keywords: Bacillus subtilis, Sodium chloride, growth of rice seedlings
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M50 4 #aMINATOUN T UATINGUNU Bergey’s manual of determintive bacteriology

NaNIINAaIU B. subtilis 91D

MInaaoUT AN Bergey’s manual HaMINATOLITENATEY
Catalase test Positive Positive
Oxidase test Negative Negative
Nitrate reduction Positive Positive
Citrate utilization Positive Positive
Vogous prausker test Positive Positive
Urease Negative Negative
NaCl 7% growth Positive Positive
Methyl red test Negative Negative
Indole production Negative Negative
Gelatin hydrolysis Positive Positive
Casein hydrolysis Positive Positive

Acid production form

D-glucose Positive Positive
L-arabinose Positive Positive
D-xylose Positive Positive
D-mannitol Positive Positive
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YA 0 10° 11.8+4.9 ¢' 18.9+3.7 fgh 4.142.0 1.0+0.1
28 105 10’ 13.7+4.1b 20.942.6 cd 5.4+2.1 1.240.3
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10° 10.0+2.9 de 18.5+2.1 ghi 3.8+1.4 1.140.1
Unusiil 0 10° 13.942.0b 17.744.5 i 3.6+1.2 1.240.5
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1. Mannitol Egg Yolk Polymyxin Agar (MYP AGAR) (Oxoid)

] o ] %’ ) Aa aa

W IM13d 15931 MYP AGAR 21.5 n5u azanglushnauilSuns 450 iadans waw

Y g’/ ) = [l ,3 = o g Qy a
Tdazaeanini llisinde lunuetiannuau 15 doudaaon1s19tii gungil 121 09
Y
AO U1K 15 WIN 1NUUAN Bgg Yolk Emulsion 50 daaans 1azen Polymyxin B
g Y Y o A 0 X v
Supplement 1 V9 MAUUNaY 1A UMas LU 1IN AnFouan
RETGELEY Egg Yolk Emulsion
! 1 Y 9 @ A o w dy ~ A 1
uaf  Tuemueariud iy 70% w1 1 %2 Tud iemdarenlasn uen liuaivonain
' A ¥ a 3 @ 4 1 1 ' o

TvvTagldmatinlaonde wuiinaulasaie 1 a1 adlulduag 1 arunanlddnsu
MIIAI O Polymyxin B Supplement

a E < § Aa aa o

wninautasaeasluvia Polymyxin B 5 iiadans( Polymyxin B 1 ¥2al4iy
91113 500 Jaaans)
2. Nutrient agar

AIUNAY

Beef extract 3 AW

Peptone 5 N3u
Agar 15 N3y
UInau 1000 Haaans

azmedunausidreiuduanfuazats i ldiehde lundeiisnmdy 15
Jousnomsaia guvigil 121 esruaidoa wiu 15w
3. McFarland Standard No. 0.5

Sulfuric acid 1% 0.05 Haaans

Barium chloride 1.175% 9.95 Haaans

NeErNazaY sulfuric acid 1% U511015 0.05 HaadaT LAz a1592a18 barium chloride
1.175% 131105 9.95 Taaans naumsnaeriiaiidioiulunasanaasarindsiuine
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Tests of Between-Subjects Effects

Dependent Variable:A214813310
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Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 50578.729% 23 2199.075 229.658 .000
Intercept 96642.007 1 96642.007 10092.680 .000
strain 3290.596 1 3290.596 343.649 .000
nacl 24975.213 2 12487.607 1304.127 .000
cell 13139.322 3 4379.774 457.396 .000
strain * nacl 2743.011 2 1371.506 143.231 .000
nacl * cell 3132.041 6 522.007 54,515 .000
strain * cell 914.349 3 304.783 31.830 .000
strain * nacl * cell 2384.196 6 397.366 41.498 .000
Error 13558.844 1416 9.575
Total 160779.580 1440
Corrected Total 64137.573 1439
a. R Squared = .789 (Adjusted R Squared = .785)
ANNYNIIN
Duncan®®
Subset

cell N 1 2 3 4

4.00 360 3.4403

1.00 360 8.0731

2.00 360 9.6181

3.00 360 11.6375

Sig. 1.000 1.000 1.000 1.000
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ANNYIN
Duncan®®
Subset

nacl 1 2 3

3.00 480 3.3354

2.00 480 7.7354

1.00 480 13.5058

Sig. 1.000 1.000 1.000}

AINYIIIN
Duncan®®
Subset

naclcell 1 2 3 4 5 6
11.00 120 .0000
12.00 120 .0000
6.00 120 4.0375
3.00 120 4,2833
9.00 120 5.0208
2.00 120 7.0417
10.00 120 10.3208
5.00 120 10.9208
1.00 120 12.8942
8.00 120 12.9792
4.00 120 13.8958
7.00 120 16.9125
Sig. 1.000 .072 1.000 .246 .066 1.000
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Duncan®®
Subset
straincell N 1 2 3 4 5 6
8.00 180 3.0806
4.00 180 3.8000
5.00 180 5.8028
6.00 180 8.4389
7.00 180 9.4000 9.4000
1.00 180 10.3433 10.3433
2.00 180 10.7972
3.00 180 13.8750
Sig. .233 1.000 111 118 451 1.000
ANNYIIIN
Duncan®”
Subset
strainnacl 1 2 3 4
6.00 240 .0000
5.00 240 6.5333
3.00 240 6.6708
2.00 240 8.9375
1.00 240 13.5033
4.00 240 13.5083
Sig. 1.000 754 1.000 991
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Duncan®®
Subset

strainnaclcell 1 2 3 4 5 6
11.00 60 .0000
12.00 60 .0000
15.00 60 .0000
18.00 60 .0000
21.00 60 .0000
23.00 60 .0000
24.00 60 .0000
14.00 60 3.4250
6.00 60 8.0750
3.00 60 8.5667
22.00 60 9.2417 9.2417
9.00 60 10.0417 10.0417
5.00 60 10.5917 10.5917
2.00 60 10.6583 10.6583
17.00 60 11.2500
10.00 60 11.4000
20.00 60 11.4583
1.00 60 11.8050
4.00 60
13.00 60
16.00 60
8.00 60
19.00 60
7.00 60
Sig. 1.000 1.000 .050 157 .307 .059
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Tests of Between-Subjects Effects

Dependent Variable:height

Type Il Sum of
Source Squares Df Mean Square F Sig.
Corrected Model 114067.820% 23 4959.470 720.565 .000
Intercept 236885.446 1 236885.446| 34417.234 .000
strain 17349.308 1 17349.308 2520.692 .000
nacl 38255.284 2 19127.642 2779.067 .000
cell 31020.066 3 10340.022 1502.308 .000
nacl * cell 7729.209 6 1288.201 187.164 .000
strain * nacl 8542.879 2 4271.440 620.600 .000
strain * cell 5544.897 3 1848.299 268.540 .000
strain * nacl * cell 5626.179 6 937.696 136.239 .000
Error 9745.984 1416 6.883
Total 360699.250 1440
Corrected Total 123813.804 1439
a. R Squared = .921 (Adjusted R Squared = .920)
height
Duncan®®
Subset

nacl N 1 2 3

3.00 480 6.7531

2.00 480 12.3708

1.00 480 19.3538

Sig. 1.000 1.000 1.000]
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height
Duncan®®
Subset

cell N 1 2 3 4

4.00 360 5.1917

1.00 360 13.2653

2.00 360 15.4722

3.00 360 17.3744

Sig. 1.000 1.000 1.000 1.000]

height
Duncan®®
Subset

naclcell N 1 2 3 4 5 6
11.00 120 .0000
12.00 120 .0000
6.00 120 8.7833
3.00 120 8.9458
9.00 120 9.2833
2.00 120 12.5250
10.00 120 15.5750
5.00 120 17.5708
1.00 120 18.3250 18.3250
8.00 120 19.3875
4.00 120
7.00 120
Sig. 1.000 .528 1.000 1.000 .308 151
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height
Duncan®®
Subset
straincell N 1 2 3 4 5 6
8.00 180 4.9056
4.00 180 5.4778
5.00 180 7.6139
6.00 180 11.4889
7.00 180 13.4111
1.00 180 18.9167
2.00 180 19.4556
3.00 180 21.3378
Sig. 437 1.000 1.000 1.000 464 1.000
height
Duncan®”
Subset
strainnacl N 1 2 3 4 5 6
6.00 240 .0000
5.00 240 9.6354
3.00 240 13.5063
2.00 240 15.1063
4.00 240 18.4292
1.00 240 20.2783
Sig. 1.000 1.000 1.000 1.000 1.000 1.000}
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height

Duncan®®
Subset

strainnaclcell 1 2 3 4 5 6
11.00 60 .0000
12.00 60 .0000
15.00 60 .0000
18.00 60 .0000
21.00 60 .0000
23.00 60 .0000
24.00 60 .0000
14.00 60 5.1083
22.00 60 14.7167
17.00 60 15.2833
10.00 60 16.4333
6.00 60 17.5667
13.00 60 17.7333
3.00 60 17.8917
20.00 60 18.1500 18.1500
9.00 60 18.5667 18.5667
1.00 60 18.9167
16.00 60
5.00 60
2.00 60
8.00 60
4.00 60
19.00 60
7.00 60
Sig. 1.000 1.000 .237 1.000 .062 131
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Tests of Between-Subjects Effects

Dependent Variable:wieght

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 245.596% 23 10.678 5.276 .000
Intercept 417.071 1 417.071 206.057 .000
strain 18.863 1 18.863 9.319 .005
nacl 107.443 2 53.721 26.541 .000
cell 76.454 3 25.485 12.591 .000
strain * nacl 8.753 2 4.376 2.162 137
nacl * cell 17.637 6 2.940 1.452 237
strain * cell 5.018 3 1.673 .826 492
strain * nacl * cell 11.429 6 1.905 941 484
Error 48.577 24 2.024
Total 711.245 48
Corrected Total 294.174 47
a. R Squared = .835 (Adjusted R Squared = .677)
weight
Duncan®®
Subset

nacl N 1 2 3

3.00 16 1.2175

2.00 16 2.7581

1.00 16 4.8675

Sig. 1.000 1.000 1.000]

60



weight
Duncan®®
Subset

cell N 1 2 3

4.00 12 1.2158

1.00 12 2.4042 2.4042

2.00 12 3.5917 3.5917

3.00 12 4.5792

Sig. 197 .198 .283

aafi 21 wansaszimeaaashutuna
Tests of Between-Subjects Effects
Dependent Variable:weight
Type Il Sum of

Source Squares df Mean Square F Sig.
Corrected Model 16.745% 23 728 4.885 .000
Intercept 30.099 1 30.099( 201.943 .000
strain 234 1 234 1.569 222
nacl 6.184 2 3.092 20.745 .000
cell 5.609 3 1.870 12.544 .000
nacl * cell 1.050 6 175 1.174 .353
strain * nacl 2.140 2 1.070 7.180 .004
strain * cell 404 3 135 .903 454
strain * nacl * cell 1.124 6 .187 1.257 314
Error 3.577 24 .149
Total 50.421 48
Corrected Total 20.322 47

a. R Squared = .824 (Adjusted R Squared = .655)
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weight
Duncan®®
Subset
nacl 1 2 3
3.00 16 .3606
2.00 16 7756
1.00 16 1.2394
Sig. 1.000 1.000 1.000}
weight
Duncan®”
Subset
cell N 1 2
4.00 12 2717
1.00 12 .7325 .7325
2.00 12 .9692
3.00 12 1.1942
Sig. .057 .070]
wieght
Duncan®®
Subset
strainnacl 1 2 3
6.00 8 .0000
3.00 8 7213
2.00 8 .7588
5.00 8 .7925
1.00 8 1.1050 1.10501
4.00 8 1.3738
Sig. 1.000 194 .316
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weight

Duncan®®
Subset

straincell 1 2
4.00 6 .2583
8.00 6 .2850
5.00 6 .5100 .5100]
6.00 6 9117 9117
1.00 6 .9550 .9550]
2.00 6 1.0267 1.0267
7.00 6 1.1817
3.00 6 1.2067
Sig. .054 .080]

d' a J aa A A a
M99 22 WaMSAATIZHNNaDAMuUANIS o luAY

Tests of Between-Subjects Effects

Dependent Variable:B.subtilis

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 9.161% 23 .398 7.050 .000
Intercept 20.462 1 20.462 362.206 .000
strain 379 1 379 6.705 .016
nacl .299 2 .149 2.646 .092
cell 7.660 3 2.553 45.194 .000
nacl * cell 107 6 .018 314 .923
strain * nacl .168 2 .084 1.483 247
strain * cell 482 3 .161 2.846 .059
strain * nacl * cell .067 6 .011 197 974
Error 1.356 24 .056
Total 30.979 48
Corrected Total 10.516 47

63



B.subtilis

Duncan®®
Subset
cell N 1 2 3
1.00 12 .0000
2.00 12 .6748
3.00 12 .8897
4.00 12 1.0472
Sig. 1.000 1.000 137

d’ a 4 aa A
M1319N 23 Wﬁfﬂi’JLﬂS1$Wﬂ1ﬁﬁﬂ@ﬂ1llﬂﬂﬂﬁﬂiu§1ﬂ

Tests of Between-Subjects Effects

Dependent Variable:bacterialroot

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 402.573% 23 17.503 23.834 .000
Intercept 640.590 1 640.590 872.286 .000
strain 34.578 1 34.578 47.085 .000
nacl 52.231 2 26.115 35.561 .000
cell 216.272 3 72.091 98.165 .000
nacl * cell 21.500 6 3.583 4.879 .002
strain * nacl 45.032 2 22.516 30.660 .000}
strain * cell 13.549 3 4.516 6.150 .003
strain * nacl * cell 19.412 6 3.235 4.405 .004
Error 17.625 24 734
Total 1060.788 48
Corrected Total 420.198 47

a. R Squared = .958 (Adjusted R Squared = .918)



bacterialroot

Duncan®®

Subset
nacl 1 2
3.00 16 2.2039
2.00 16 4,1393 4.1393
1.00 16 4.6163
Sig. .062 639

bacterialroot

Duncan®®

Subset
cell 1 2
4.00 12 .0000
1.00 12 4.4822
2.00 12 5.0347
3.00 12 5.0958
Sig. 1.000 .516
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bacterialroot

Duncan®®
Subset
naclcell 1 2 3
10.00 4 .0000
11.00 4 .0000
12.00 4 .0000
3.00 4 2.9153 2.9153
6.00 4 2.9215 2.9215
9.00 4 2.9788 2.9788
2.00 4 4.4573 4.4573
5.00 4 6.0090
1.00 4 6.0740
8.00 4 6.0910
4.00 4 6.1735
7.00 4 6.2178
Sig. .057 .304 .260
bacterialroot

Duncan®®

strainna Subset

cl N 1 2

6.00 8 .0000

5.00 8 3.7950

3.00 8 4.4078

2.00 8 4.4836

1.00 8 4.6144

4.00 8 4.6183

Sig. 1.000 .583
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bacterialroot

Duncan®®

straince Subset

Il 1 2 3

4.00 6 .0000

8.00 6 .0000

5.00 6 3.0155

6.00 6 4.0810 4.0810
7.00 6 4.1212 41212
1.00 6 5.9488
2.00 6 5.9883
3.00 6 6.0705
Sig. 1.000 .367 127
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bacterialroot

Duncan®®

strainna Subset

clcell 1 2 3
10.00 .0000

11.00 .0000

12.00 .0000

15.00 .0000

18.00 .0000

21.00 .0000

22.00 .0000

23.00 .0000

24.00 .0000

14.00 2.9645

3.00 5.8305
6.00 5.8430
5.00 5.9360
2.00 5.9500
9.00 5.9575
8.00 6.0485
1.00 6.0660
13.00 6.0820
17.00 6.0820
20.00 6.1335
16.00 6.1610
4.00 6.1860
7.00 6.2055
19.00 6.2300
Sig. 1.000 1.000 .688
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