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ABSTRACT

Soybeans are an important economic crop in Thailand. However, the soybean seeds used for growing
soybeans lack quality and standards. This results in inconsistent and weak seedlings after cultivation, which can
be easily destroyed by diseases and pesticides. This current experiment aims to study the effect of seed coating
and seed pelleting using Bacillus subtilis on the germination, vigor, and growth of soybean seedlings. The
experiment was conducted at the Seed Technology Laboratory, Agronomy Major, Faculty of Agricultural
Production, Maejo University. An experimental design was done in a completely randomized design (CRD). The
results of the experiment were as follows. Seeds coated with 0.5 milliliters of B. subtilis had the highest rate of
radicle emergence at 99 %. Moreover, the speed of radicle emergence and speed of germination were statistically
significantly higher compared to untreated seeds. On the other hand, all seeds coated with the B. subtilis and
normal coated treatments gave the best germination rate. In addition, seeds coated with 0.5 milliliters of B. subtilis
still had higher shoot length, root length, and total seedling quality when compared with untreated seeds under
laboratory conditions. Under greenhouse conditions, compared to seed coating and pelleting, seed coating in
combination with B. subtilis gave the best germination. Therefore, seed coating with 0.5 milliliters of B. subtilis is

the most suitable method and recommended rate for soybean seed enhancement.

Key words: seed quality, seed enhancement, microorganisms
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M3ensIn  ANNEINuMIwenIIn AN9N aNuslumssen
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Tl 87¢’ 40.78 ¢ 71 be 15.96 ¢
T2 97b 45.50 ab 87a 18.12 ab
T3 83 cd 36.56d 76 b 14.18d
T4 99 a 46.67 a 93 a 18.84 a
Ts 96 b 44.22 ab 86 a 17.56 b
T6 95b 42.67 be 86 a 16.60 ¢
T7 62¢ 24.61 f 55d 9.77 f
T8 76 d 3044 ¢ 63 cd 12.29 ¢
T9 68 ¢ 2533 f 59d 9.87 f
Fetest . . . .
CV.(%) 5.19 5.11 7.53 4.19

# : ANUIANANNUNNADAT p<0.01
| < ' A < v 3 v . A <
Tl = Lllﬁﬂ!ﬂjﬁﬂ, T2 = MImaouNaaa1g CMC, T3 = NINDNNAANIY Calcium sulfate, T4 = NITIARDVINAR
A aa <} A aa <]
&8 B. subtilis 0.5 Jaaans, T5 = MIAADVINAAAIY B. subtilis 1.0 Uaaand, T6 = MIAA0UNAAAIY B. subtilis
a aa <] a aa < a aa
2.0 aaans, T7 :ﬂ']i‘WﬂﬂliJﬁﬂg]}’Jﬂ B. subtilis 0.5 yaaang, T8 Zﬂ'ﬁWf]ﬂl,llﬁﬂﬁj'JEJ B. subtilis 1.0 ¥a0aa3,
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T9 = ﬂ’]iWE]ﬂHJaﬂﬁ}fJfJ B. subtilis 2.0 HaaaNg
1 d'

2 @ 1 @ v A (= 1 o an = ax A
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~ 1 = A < Y = T =) =~ dd’ 1
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Tl 37a° 1028 a 59b 10.72b
T2 35ab 9.33 ab 75a 12.73 ¢
T3 13d 3.78 ¢ 73 a 12.67 a
T4 29 abe 8.50 ab 83a 13.82a
T5 27 be 7.44b 75 a 12.68 a
T6 25¢ 7.22b 79 a 13.14a
T7 6¢ 1.61c¢ 33¢ 5.64 ¢
T8 9 de 228¢ 224d 3.53d
T9 12d 3.56¢ 18d 3.05d
Fetest o . . .
CV.(%) 13.07 24.07 9.19 11.07

'
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< ' < < . o
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a aa [ a aa 3 a aa
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=) v Aas d’ 1
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1ae 2.0 ¥aaaas (T9) VU IHUNLHIAUNAGINGA
A A o oan A 4
WordSeuMeunuITMsaua (1151990 4) uagn
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AT 1 HEAIR U109 UM ADINS WU TIAA DAY MSWORIMAAS W B, subrilis TUSATIRUARAIITY
HAINIUMTINENATOD 8 TU Lﬁemawaﬂuﬁmwﬁ'eqﬂﬁﬂ’ami, T1 =whanlal, T2 =m3adou
WAARIE CMC, T3 = MINONNAARIY Calcium sulfate, T4 = MIATOUINAAAIY B. subrilis 0.5 NaAANT,
T5 = MIIAADUNAAAY B. subrilis 1.0 Taaans, T6 = MIAFOUNAAAIY B. subtilis 2.0 Naaans, T7 =
MINONNAARIY B. subrilis 0.5 NaAANT, T8 = MINONUAAAI B. subdilis 1.0 Haaans, T9 = MInon

AR B. subtilis 2.0 Taaang; mMavens 10X.
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M3 4 ANVEIIAU ANVEIITIN HATINAUNET LALLM NUTIAUAAIVDIDUNADI HAIHIUMTIAAD L

< 0 (% @ { ' @ 4 a ua
UDSWONINAATINND B. subtilis Gluemﬁummwﬂu Lﬁ@@li?ﬁ]ﬁ@ﬂiﬂﬁﬂw\lﬁjﬂQﬂg‘ﬂ@lfﬂi

n33335 ' amwvielfUAms

ANNEIAY ANNENITIN NaIINAUNA s adundn

(Glaamns) (Faamnsg) (Faamnsg) (Fiaansw)
T1 123.30b° 127.50 ¢ 250.80 de 1040 ¢
T2 139.20 a 152.33 ab 291.53 b 1053 ¢
T3 140.97 a 161.60 a 302.57 ab 1093 be
T4 14590 a 167.33 a 313.23a 1253 a
T5 14723 a 165.93 a 313.17a 1113 be
T6 118.07 be 152.40 ab 270.47 ¢ 1163 ab
T7 121.67b 130.83 ¢ 252.50 c-e 1200 ab
T8 12240 b 140.47 be 262.87 cd 1250 a
T9 107.07 ¢ 129.20 ¢ 236.27 ¢ 1230 a

Fetest o o o .
CV.(%) 13.07 24.07 9.19 11.07

6 PANUUANANNUNNADAN p<0.01

<3 1 < 3 3
'T1 = wdaulan, T2 = M3masumaaalIs CMC, T3 = MINONINAAAIY Calcium sulfate, T4 = MIIAADVINAA

a aa <} A aa <]
&8 B. subtilis 0.5 Jaaans, T5 = MIAADVINAAAIY B. subtilis 1.0 Uaaand, T6 = MIAA0UNAAAIY B. subtilis

a aa < a aa I a aa
2.0 aaans, T7 ZﬂWiWﬂﬂli\lﬁﬂ@s{’Jﬂ B. subtilis 0.5 yaaang, T8 =ﬂ1in)ﬂl,1Iﬁﬂﬁl’JEJ B. subtilis 1.0 4Uanaag,

< A aa
T9 = ﬂ’]iW@ﬂlNaﬂﬁ}fJﬂ B. subtilis 2.0 HaaaNT

2 @ 1 @ v A v A 1 o an = 1 = as A
f)mgimqnu“luﬂaauummﬂuumwmmﬂmqﬂummn@ Llﬁﬁmmﬁmﬂ“ﬂaﬁliﬂﬁl’l‘ﬁ DMRT % p<0.05
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H Y kY Y 1] 1 %
519N 5 ANVEIAY TNHTNAadY 1Az TNHITNUTIAUUDINUNAD HAIHIUMTIAAD VAL N NNAATINAL

B. subtilis 119931000190 Weasvaau uannisaunaaod

n55135 ' amni3oUNA[DY

ANNYIAY WHNaAAY dvTnudady

Glaamns) (Glaamns) (Fiaamnsg)
Tl 62.57 ab’ 7223 ab 878 a-d
T2 66.80 a 7443 a 930 ab
T3 55.97b 6250 b 963 ab
T4 66.90 a 7410 a 977 a
TS 6597 a 7303 a 930 ab
T6 65.90 a 7470 a 910 a-c
T7 40.13 ¢ 4527 ¢ 783 cd
T8 44.47 ¢ 4603 ¢ 824 b-d
T9 38.50 ¢ 4240 ¢ 757d

Fetest o . o
CV.(%) 8.89 10.91 9.81

6 PANUUANANNUNNADAN p<0.01

<3 1 < 3 3
'T1 = wdaulan, T2 = M3nasumaaalI8 CMC, T3 = MINONINAAAIY Calcium sulfate, T4 = MIIAADVILAA

a aa <} A aa <]
&8 B. subtilis 0.5 Jaaans, T5 = MIAADVINAAAIY B. subtilis 1.0 Uaaand, T6 = MIAA0UNAAAIY B. subtilis

a aa < a aa I a aa
2.0 aaans, T7 ZﬂWiWﬂﬂli\lﬁﬂ@s{’Jﬂ B. subtilis 0.5 yaaang, T8 =ﬂ1in)ﬂl,1Iﬁﬂﬁl’JEJ B. subtilis 1.0 4Uanaag,

< A aa
T9 = ﬂ’]iW@ﬂlNaﬂﬁ}fJﬂ B. subtilis 2.0 HaaaNT

2 @ 1 @ v A v A 1 o an = 1 = as A
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‘nglﬂivgljﬂlw (Khorasani and Shojaosadati, 2017,
Kangsopa, 2020) 39711% cMC fiunumdingy
Wudanaraim B subitis 1aa ldduwda
(Ashraf and Foolad, 2005) ¥hl¥fiudanunaesgn
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I @ 4 o 1 <3 4
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2 S <3 1 ad A
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< I 4
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NUI8808UD 4 D-anhydroglucopyranose WUFOUAD
] a Y . Y
nudueee1uUBUaY (linear  polymer) A2
@ o I U
WU B-14 glucosidic 111 Insearailusraum
2 o Yasy I A
(Rowe et al., 2009) 3301911 1HIBMTWONNAAL
HATAYIIIABNITTURIUVDIDONTIIY LA
Y
Y 4
Anury Tagarswonvz llgaauglulns lnd
. A g o ' = 3 ]
(Micropyle) NI UA1HUINITAATNUI1VDIND
A A A 2
maam"lmqsa (Chanprasert, 2010) U9NINNY

. A1 g S @ o Y 8 o Jo
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A Yo tg a 9 '
maed Id5uanusumIauANudeInIIaens
= ) Y < @ a Y 9
swnvouuan 1 lindagaduesndgioulaios
liifioaneAonszUIUNTIONUBIUNAARUTA
A S & A 0 q 9 ¢
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) .
ummmaﬂqmul?mamw (Chanprasert, 2010) 9
o Y a < v d 1
duna ldnamsdsyiunganimudaiugiznun
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W1du A swentuane1linanon1sas auy
zi‘ a o =2 a A d?
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oA s °
anudomoasideuaa uazyin v lassadialy
Y aly Y 1 <3
Tnaewasoradnd 18 lugeszeemanuazau
A < .
ANUFUVDIUNAA (Priestley, 1986; Chanprasert,
A A A < ) .
2010) LWONMTUINTIAQOUINAAAIY B subtilis
o a aa = o Y <3 o IO
9931 0.5 Uadans (T4) Uwa lwdaiugon
<3
Aol Awgen AN UM 0N LagANgY
Y Y A 4 Y a ua
voadunaansluanmreslfianmsuazanin
A 1 ad A 2’1 cg’ A
(FOUNARDININNINITNITOUS N9HHDIIN B.
subtilis AIWITONAN 1-aminocyclopropane-1-
carboxylate (ACC) deaminase IWOAIUAUTEAVLD
nau Tasvzinamswinaiy ACC udanlaoulyl
I . A Aa 1
15l a-ketobutyric  tazuou lueNinanons
1 A <
AUATUNTIONVOIUNAR (Arshad er  al., 2007;
Glick et al., 2007) A9ANADIN Junges et al.
' A 3 9 . o Y
(2013) WUNMISIAAOUNAAAIY B. subtilis 11N

4

< Y = = 2 a '
Lllﬁﬂ‘w‘L!‘flﬁll1’31‘1’\!@Nﬂ?WNQ@ﬂﬂN1ﬂ"UUﬁJ1ﬂL@I3\I aIu

q

@

[ 1 < o
Martinez et al. (2013) 31891471 MILFIUAANUT
A ) A s 3 4
VIVBINARIY Bacillus asaiiulossuans
5 = 1
30NV 5-6% INAN ABNT Tu ef al. (2016) T1991U
A a 1 <
WNAYI NISIAADUINAAAIY B. subtilis  SL-13
o 2 o @ A 2
AWNTDINTTAVAINDNUDUNAAWUT oI
28.74%
y A < o
WBNMTUINMINOANAATINAY B. subtilis
o a aa Y I
9051 1.0 (T8) uaz 2.0 Uaaans (T9) uaaalimu
o 1A P ¥ o Y v v
Farau Inmsalasunilasvesitminueadunan
A X ~ 2 < & vy
gunnIuINaN Neimswenwaa umsveu
3 Y 1Y) 3 9 .
WAARIGTIANONTOUS) 1WAARIY Calcium  sulfate
o < ! 4o o A
e ltwaanentnundwmsuly B. subrilis fa'li
[ < < A 9 a d' 1 Aan
futwaaounaedld ludSuaunuinniiisag
3 o a o
naouman 39 175 naives B, subrilis aa' i

9
Y v

< Y 1 A < J Y
lllﬁﬂhlﬂiJWﬂﬂ'Nﬂ”l'iLﬂa'ﬂ‘]JnJﬂﬂwuﬁ JUUIINKWG



278 715815398 YH1INNDeNA 11 1ags1%0AafF 1% 14(1) : 266-281 (2565)

<3 1
MInaaodwaadlifiuI USinaves B. subsilis
d’a [ < d' ] =Y 1
naaldsuwaanriunswenlulsuianinnii
ax A I (= 1 I
Fmandeuwan lulinansgnuaeauninman
v J e {a Y <3
Wug wonnnil B. subilis Nan Truwaaluil5inw

[ <]

= aa A ] F)
3J1ﬂ3JIE]ﬂ1ﬁ§E]@]“I)”J¢]ﬁﬂE]§ uma@%anumum

a

2 2 = oqu9 o v g
VU EU\TVI']G],'H B. subtilis Vlﬂﬂ"lﬂﬂﬂlilﬁﬂﬁ']iniﬂ

7
pongNIduaIuMIs YAy Iavesdunal laiiy

v

g =) % o
PINVUINAY 1Q8 B, subtilis 690 UNVINT 1A 1Y

o

[ 4 [ a
ANM50FUATIZH Phytohormone  1UNGN 00NTU
vwetsaay uaz lalalaiy ANUNUINAMS

v
NTLAUNITIONTIN TINNITUATURAIUINIGTNS

a a

wiAuTavesduna (Glick, 2012) laauinna
< 1 . . 2 A
waala Tasmn Indole-3-acetic acid (TIAA) 91
o Y a a a A A Lg
v Iiineamsnsgay Tnve sy Tag
A 1 o o Y Y Y YA
ASIANNITHUUFAAVDIB1AUVBIAUNA 1Y En
A 3 a
VUYAANUFIVUIINAY (Zaidi er al., 2006)
dy v o Y A Y a ~
ueNINT IAA daihntnnnszqumasgynae
A [ YA g a [ % A g A
S1IANST T AN N URITUR T NNYY Laginy
ANUANID TUMIAUABITIN01¥1T (Yang ef al.,
=® o Y I o S U A A
2009) M IHINAAWUFOUNADINHIUNITHON

I 1 @ = =
WAATINNY B, subtilis Un15s)asunilasueq

Q' g a g

¥ v Yy Y A 1
MDA UNANZIUUNNAY UBNIINTNL
eumMITindaas unses gy Taveaiy
Tasmsasalulasouly  Bacillus OSU-142 %4
AWNTNUNARANVOIV1IEE YT waginuy
v 4
TRNUNIAVY (Cakmakei  er al., 2007) HAZWAI
A X
FINUMIAVVUYDIANNENIAY LAZAINEIITIN
@ [ < Iy
YDIAUNGIANNIANON HAINTTNONIUAATNUT
SINNUY B. subtilis CC-pgl04 (Rekha et al., 2007)
A A4 < A Yo v
WoNINI iBaaNZIaINA 1A5 UNTANAIY B.
subtilis (EPCO16) WU1 M3 a s Invesdundd
A X Ao o w A A ) 2 Ay o Yo
mnduegihisdnydofounumani lildru
Y
N13AQN (Ramyabharathi er al., 2013) ANUUIINKNA

= y 3 A < g
mInaaevsudasliiuIImsinaeuuanilu

a o a [ < o d
s B subilis W@ lUduwaaiuga
1 ad <3 v Jd A Y o

WINNINITMINOMUAAWUT BNNIGIT U150

duaiumsitenuazmssgay Tnvesdunding
A Yt 2 a
wiaed ladmnIunn@y

Vv
[ Y < 1
auiuInHansnaasnaasliiiuI

ax A < o J o 2R
ATNMTAADULNAANUDTIIUNY B, subtilis‘ﬂﬂlﬂu

a

@

a { 1 @ <
’J%f‘ﬂi1?]L‘VTJJ1$fﬁJﬂ@ﬂWiﬂﬂigﬂﬂﬂmﬂWW!NaﬂWl&ﬁ

J

o A 1 an 3 o
DAUNADNNUINNINIDTNITWNONINAANUT

q

agl

J

<3 o
VNHAVDINITIAO VLA NONINAANU
AUNAITINNY B, subtilis TUBATINUANAIINY
udnhunzasndougualuanimadou
1 Y] Y A < Y
uanannuansoalldn msmaeumaanie

= A

B. subtilis 31 0.5 Jaaans UN1590n51nANgAND

a

3 9 an

99% AIUMIAAOUNAAAIY B. subtilis NNIDNT
A < = [ = = aa

HazMINAUNAATIIEREITANNIBNANA
1 aa d’ = v ady

wazuana lunnadadleTeufeunuisns

4 1 < @

DU FIUMTIAADUINAARIY B. subtilis ORI 0.5

Jaaans UANNIAU ANEIIIIN LAZHNATINAY

A

AFIANIANI AT UANA1IIUNIIA DALY
~ [ < 1 A
Wisuneunuwaaanlensrvgeuluanin
woellfian1s daunisasvaeuluaninizou
1 A I ~ 1 =
NAABINUI MTLAADUINAANEIDEINAYI NI
< = 1 = A 3
NONINAAINEI081UAYI HAZNITIAADLINAANN
an I = [ ~ =
I5MT AN INOANAANEI0E1UAIITAINIBN
1 1 aa d‘ =) %
mnnIazuana N luneaaadoseuneuny
as A U A <3 Y
AFNITOUN FIUMSIAAOUINAAAIY CMC, B
subtilis NOA31 0.5, 1.0 1Az 2.0 Jaaans YA
Y 3 @ v 1 A o
AuLaz I IMINAAAUGININNIITNINONUAATD
ant [ [l [ o aa o <
FBmsua linuanuuanaranuyluneadanuwan

[ I~ 1
Auwaaan



215815398 YH1INAeNA 11 a1 ¥uIAafT ¥ 14(1) : 266-281 (2565) 279

1ONE1391994

Accinelli, C., Abbas, H.K., Little, N.S., Kotowicz,
J.K. and Shier, W.T. 2018. Biological
control of aflatoxin production in corn
using non-aflatoxigenic Aspergillus flavus
administered as a bioplastic-based seed
coating. Crop Protection 107(2018): 87-
92.

Arshad, M., Saleem, M. and Hussain, S. 2007.
Perspectives of bacterial ACC deaminase in
phytoremediation. Trends in Biotechnology
25(8): 356-362.

Ashraf, M. and Foolad, M.R. 2005. Pre-sowing
seed treatment-a shotgun approach to
improve germination, plant growth, and
crop yield under saline and non-saline
conditions. Advances in Agronomy
88(2005): 223-271.

Baki, A.and Anderson, J.D. 1973. Vigor
determination in soybean seed by multiple
criteria. Crop Science 13(6): 630- 633.

Cakmakci, R., Erat, M., Erdogan, U. and Donmez,
M.F. 2007. The influence of plant growth-
promoting rhizobacteria on growth and
enzyme activities in wheat and spinach
plants. Journal of Plant Nutrition and
Soil Science 170(2): 288-295.

Chanprasert, W. 2010. Seed Physiology. Department
of Agronomy, Faculty of Agriculture, Kasetsart
University, Bangkok. (in Thai)

Chindaprasirt, P., Boonserm, K., Chairuangsri, T., Vichit-
Vadakan, W., Eaimsin, T., Sato, T. and
Pimraksa, K. 2011. Plaster material from

waste calcium sulfate containing chemicals,

organic fibers and inorganic additive.
Construction and Building Materials 25:
3193-3203.

Department of Internal Trad. 2020. Situation of the
Soybean Seed. Available Source: https://bi
t.ly/3pOcLkU, October 28, 2021. (in Thai)

Glick, B.R. 2012. Plant growth-promoting bacteria:
mechanisms and applications. Scientifica
2012(5): 1-15. Article ID 963401.

Glick, B.R., Cheng, Z., Czarny, J. and Duan, J. 2007.
Promotion of plant growth by ACC deaminase
-producing soil bacteria. European Journal
of Plant Pathology 119(3): 329-339.

ISTA. 2019. International Rules for Seed Testing,
Edition 2019. International Seed Testing
Association, Bassersdorf.

Junges, E., Toebe, M., Feliciano dos Santos, R., Finger,
G. and Muniz, M.F.B. 2013. Effect of
priming and seed-coating when associated
with Bacillus subtilis in maize seeds. Revista
Ciéncia Agrondmica 44(3): 520-526.

Kangsopa, J. 2019. Seed Coating. Journal of
Agricultural  Production 1(2): 63-76. (in
Thai)

Kangsopa, J. 2020. Binder material for seed pelleting.
Khon Kaen Agriculture Journal 48(1): 119
-130. (in Thai).

Keereetaweep, R., Kaewmeechai, S., Chotiyarnwong,
A., Gong-in, S., Phothaen, N. and Kajonmalee,
V. 1987. Soybean varietal improvement
for rust resistance, pp. 49-58. In Seminar
Report: the 2nd Soybean Research.

Pitsanulok. (in Thai)



280 715815398 YH1INNDeNA 11 1ags1%0AafF 1% 14(1) : 266-281 (2565)

Kesan, J.P. 2007. Agricultural Biotechnology and
Intellectual Property: Seeds of Change.
CAB International, Wallingford, UK.

Khorasani, A.C. and Shojaosadati, S.A. 2017. Starch-
and carboxymethylcellulose-coated bacterial
nanocellulose-pectin bionanocomposite as
novel protective prebiotic matrices. Food
Hydrocolloids 63(2017): 273-285.

Kloepper, J.W., Ryu, C.M. and Zhang, S. 2004. Induced
systemic resistance and promotion of plant
growth by Bacillus spp. The American
Phytopathological Society 94(11): 1259-
1266.

Kundu, B.S. and Gaur, A.C. 1980. Establishment
of nitrogen-fixing and phosphate-solubilizing
bacteria in rhizosphere and their effect on
yield and nutrient uptake of wheat crop.
Plant and Soil 57(1980): 223-230.

Lakshminarayana, K., Narula, N., Hooda, L.S. and
Faroda, A.S. 1992. Nitrogen economy in
wheat (Triticum aestivum) through use of
Azotobacter chroococcum. Indian Journal
of Agricultural Sciences 62(1): 75-76.

Martinez, L.L., Peniche, R. M., Tturriaga, M.H. and Arvizu
-Medrano, S.M. 2013. Characterization of
rhizobacteria isolated from tomato and their
effect on tomato and bell pepper growth.
Revista Fitotecnia Mexicana 36(1): 63-
69.

Oteino, N., Lally, R.D., Kiwanuka, S., Lloyd, A., Ryan,
D., Germaine, K.J. and Dowling, D.N. 2015.
Plant growth promotion induced by phosphate
solubilizing endophytic Pseudomonas isolates.

Frontier in Microbiology 6(2015): 745.

Pa-oblek, S. 2015. Research and Development on
Soybean. Department of Agricultural,
Bangkok. (in Thai)

Pedrini, S., Merritt, D.J., Stevens, J. and Dixon, K. 2017.
Seed Coating: Science or Marketing Spin?.
Trends in Plant Science 22(2): 106-116.

Priestley, D.A. 1986. Seed Aging: Implications for
Seed Storage and Persistence in the Soil.
Comstock Publishing Associates, London.

Punsukumtana, L. 2009. Reuse Plaster. Ceramics
Journal 3(3): 34-35. (in Thai)

Ramyabharathi, S., Meena, B. and Raguchander, T.
2013. Induction of defense enzymes and
proteins in tomato plants by Bacillus subtilis
EPCOL16 against Fusarium oxysporum f. sp.
Lycopersici. Madras Agricultural Journal
100(Special Issue): 126-130.

Rekha, P.D., Lai, W., Arun, A.B. and Young, C.C. 2007.
Effect of free and encapsulated Pseudomonas
putida CC-FR2-4 and Bacillus subtilis CC-
pgl04 on plant growth under gnotobiotic
conditions. Bioresource Technology 98(2):
447-451.

Rocha, 1., Ma, Y., Carvalho, M.F., Magalhaes, C.,
Janouskova, M. and Vosatka, M. 2019. Seed
coating with inocula of arbuscular mycorrhizal
fungi and plant growth promoting rhizobacteria
for nutritional enhancement of maize under
different fertilization regimes. Archives of
Agronomy and Soil Science 65(1): 31-43.

Rowe, R.C., Sheskey, P.J. and Quinn, M.E. 2009.
Handbook of Pharmaceutical Excipients.

6" ed. Pharmaceutical Press, London.



215815398 YH1INAeNA 11 a1 ¥uIAafT ¥ 14(1) : 266-281 (2565) 281

Siri, B. 2015. Seed Conditioning and Seed
Enhancements. Klungnanawitthaya Priting,
Khon Kaen. (in Thai).

Taylor, A.G., Allen, P.S., Bennett, M.A., Bradford, K.J.,
Burris, J.S. and Misra, M.K. 1998. Seed
enhancements. Seed Science Research
8(2): 245-256.

Thomma, K. and Sirithorn, P. 2012. Effect of
antagonistic bacterium Bacillus subtilis B006
as seed coating for control of Botryosphaeria
rhodina, cause of gummosis disease. Khon
Kaen Agriculture Journal 40(1): 53-60. (in
Thai)

Tu, L., He, Y.H., Shan, C.H. and Wu, Z.S. 2016.
Preparation of microencapsulated Bacillus
subtilis SL-13 seed coating agents and their
effects on the growth of cotton seedlings.
BioMed Research International 2016: 1-

7. DOI: 10.1155/2016/3251357

Widnyana, K.I. and Javandira, C. 2016. Activities
Pseudomonas spp. and Bacillus sp. to stimulate
germination and seedling growth of tomato
plants. Agriculture and Agricultural
Science Procedia 9(2016): 419-423.

Yang, O., Li, C.,, Li, H., Li, Y. and Yu, N. 2009.
Degradation of synthetic reactive azo dyes
and treatment of textile wastewater by a
fungi consortium reactor. Biochemical
Engineering Journal 43(3): 225-230.

Zaidi, S., Usmani, S., Singh, B.R. and Musarrat, J. 2006.
Significance of Bacillus subtilis strain SJ
101 as a bioinoculant for concurrent plant
growth promotion and nickel accumulation
in Brassica juncea. Chemosphere 64(6):

991-997.



