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SUMMARY

Development of microbial fertilizer based on functional genomic information

and its application

In our previous study we isolated usuful bacteria beneficial to plants, so-called 'PGPR' such
as Paenibacillus polymyxa E681 and M. oryzae CBMB20, and whole genome sequencing of the
two strains was completed years ago. P. polymyxa E681, an endospore former isolated from the
rhizosphere of winter barley in South Korea, suppresses plant diseases, produces antibiotics and a
plant hormone, secretes a variety of hydrolytic enzymes, and has good root-colonizing ability. M.
oryzae CBMB20 isolated from surface-disinfected stem of rice can produce IAA and ACC
deaminase and can grow using metanol as a sole carbon source.

The objective of this study was to develop efficient microbial fertilizer based on the
previously isolated bacterial strains and their genome information, and to develop application
methods for applying the microbial fertilizers to efficiently grow forage or biomass crops such as
barley, wheat, silver grass, hairyvetch, maize, and potato. We developed a medium and optimized
fermentation process to produce large amount of P. polymyxa spores. To develop the application
method E681 spores were applied to barley, wheat and Italian ryegrass by seed coating, seed
soaking or drainage treatment of the spores. In all cases the colonizing efficiency of the E681
strain was shown to reach 10™-10”cfu/g root and seed coating showed a little higher colonizing
capacity. It was shown that the growth of those forage crops could be improved by the treatment
of E681 spores, and nutritional value was also improved. We concluded that seed coating method
which is easy to do, require low cost and can give good growth promoting effect is the best
one in this study. We also tried to apply the E681 spores to potato to examine if there is any
beneficial effect on the growth, yield and other things. We found that the E681 spores improved
the yeild of potato significantly, that is the number of potato tuber produced in pots was
increased up to 20%, and the E681 strain was also shown to play a role as a biocontrol agent

to protect the harvested potatoes from bacterial soft rot.

On the other hand, to develop microbial fertilizers for biomass target crop, Miscanthus, plant

samples were collected and 313 isolates were separated from the roots of Miscanthus



sacchariflorus. 31 strains were selected from the isolates for cultivation at the disadvantageous
location after test at various temparature, pH and salinity. Tumebacillus sp. BE100501, Bacillus
sp. BE100506, Agrobacterium sp. BE100516 and Lysinibacillus sp. BE100533 were selected as
strains for the development of microbial fertilizers for biomass target crop, Miscanthus. They
produced auxin, ACC deaminase and showed the seed germination-promoting effects for other
forage crops. To develop microbial fertilizers for target forage crop, Hairyvetch, plant samples
were collected and 48 isolates were separated from the roots of Hairyvetch, 21 strains belonged
to the genus Rhizobium were selected from the isolates for nodulation and nitrogen fixation.
RE110039 strain was selected as a strain for the development of microbial fertilizers for target
forage crop, Hairyvetch. A patent was submitted for the plant growth-promoting effect and its
reproductivity after confirming by in vitro assay and pot test for the selected strains for

Miscanthus sacchariflorus [Patent application “Plant growth promotion by using bacterial strains

isolated from roots of Miscanthus sacchariflorus” Application no.: 2011-0122257, Application

date: 22. Nov. 2011]. Large-scale fermentation (50L) was performed by the selected strains and

freeze-dried cells were used for the formulation and field application. Formulation was developed
for the powder solubilizer and seed coating agents by using selected microbes from Miscanthus
sacchariflorus and Hairyvetch. Field test has been under the test for the appilicaion of microbial

fertilizers to the large scale area and disadvantageous location.

In other part of this study to develop an application method of our bacterial strains,
inoculation of M. oryzae CBMB20 and B. iodinum RS16 were significantly increased plant
growth and dry biomass on maize (Zea maize) and sorghum-sudangrass hybrid (Sorghum bicolor

L.) in Saemangeum reclaimed soil.
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Table 1. Harvestable biomass and ethanol production in various sources of biomass
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O Methylobacterium® 1= A% =4E4 Bibss 58 27 1AA®} cytokinies©] 212t 2.33
git, 1033 pgt o= " =A Yepgton, A Zzel| JEg Ay A= SR =4
(t-ZR, iPA, TAA) 2ol o4 e F7H <lstaith

O Methylobacterium®] 23%4tel= t1&Fe] ACC deaminase SO0 A&E2] ~E 2ol 3t o
gl WAl FEs Ao RA dxAY
MM AEe] s FXgh

o HAEES EAS igsty adE M 2 I3 E # e #AEY $HxAE

AAFGo =M wrEY mAENSE Este] FEEE AT Zolt

GRAAAY, T35 B 2o A £ B

b

O AFHAAN Atm FHA BdolM o vzl a3 4 B o]E7]e Jide] Za

et
o ABAFED MARS o)gd etw A7 T} npolovjs A% Bo] B
a8y,

O A9 ®9
- Hol| e AL AE A MAER A AT
o 7] Rt #F5A 28 % FAAARIRE 5T FIF A
- P. polymyxa E68131F 2 3, M. oryzae CBMB20'vF 2 A o4
A E gl 7ls
- v A HA st FAEAE AL
o AHAZX/FT 7s ALsE AT 7=

- By, g ARE g AR, S T AE 484 AnE A S8ve
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M3a dA7MuUsd 4 oz
I vholomls/Ats Zgol HGe mAE WA AR

1. Paenibacillus polymyxa E681 @ ¥A} thZFAA7|& 7
b | P s = o 3 D e -5

Paenibacillus polymyxa E6812] vl %2 tryptic soy broth(TSB)E AF-&3le] 30Tl A 2047+
AujoF & AlgE At TAFAHS Y3 vix 2= PMXHI A [Glucose (1%), Sodium glutamate
(0.2%), Sodium citrate (0.5%), (NH4)2S04(0.2%), KH.PO, (10mM), Yeast Extract (0.05%),
MgSO,.7H,0 (0.2%), NaCl (0.1%), CaCl, (0.01%), Biotin (10xg/L), Thiamine-HCl (0.1g/L),
Pyridoxin-HCl (0.1g/L) and Tris-Cl (50mM, pH 7.5)], SYN #JX] [starch (0.5-4%), yeast
extract (0.1%6) and ammonium sulfate (0.5%), calcium carbonate (1%)], GYN ®]#] [glucose
(0.5-3%), yeast extract (0.1%6) and ammonium sulfate (0.5%), calcium carbonate (1%)]%5 <
Abgete] 22 A4 23S HASSY A S 9% vlFE TSBollA 20417 vk )
Fol 2%E 2t iAo (1L AHZ}; flaskell 200ml%)) HF3Fe] 30T 200 rpme] o2 uj s}
Aok wE oMo Ex FA ©@AS Y3 wdS 5L ferment jarol] 3L A S A}8-3Fe] AA|
stAth 22 FAE S 2AF M GFAS 80T, 163t A Elste] TSB i A wjA|e 33
Leste] 29§ Agu2 FRUSY s dAgSA 2 o rgEH Y2 22Y F

Agwol Fo% TA P49 AR4YS FAL 5 ATk BWBH| B

Al 80% ol4bel EA BAES Helth ol An: v pH 24 R
Ao ARse] el pHE AzhdE FAHRY GaFEEe] Sol7kA @S W] pH
o] ARAHE Fd AEHow
63 o4 A€ B & & ATk (Fig, 1A). B68I
317] 918 pHE HAHFE NAES Agstel T4 FHEL BRAAL

o
Phosphate W ¥ & AHE3 wfFHol X xxgdo] A& T EAFA WA= AHET

=
o
ke
N
2
ol
oX,
=
og
=2
ko)
an
lo
2,
ofk
o
o
r o

PMX® A (Tric-Cl buffer AF&)olX % EZFAdE0] 90% o] #FH A= FHoZ Hol

E681%t el XAt dA w2 pHOl 4ol T3 Aoz &l HAvh. 4% starch7t H7Hd



SYNHIA & Abgstel £A434 wo)

<
T

o =AY

Hlj <]

24 857} ool g A

Z AL

3

O 1o

0]
AN

Hj & <} 9]
S Has) sh7] 98 SYNuix o] ghad
Gt Fig. 2914 H%o] starch 1.5-2%2] AF8 20 2 484

317} glucosett e YT =Tl AHEERT= ZdHodH.

Fste] 200 LE W%S 3t olu) NaOHE A}-&-3}o]

Z 3 48A17F vl & 1.1 x 10%/mle)

(A)

(B)

s

el

] o o o]

g]

T -Cacod

™ 1% CaC03

L B (o B o 3 I a1

et olsh e
WAkE AT 500 ml
5% AHgakel 75L%

Aol ol MFoERE AYEY
3 A £4e G5

FAEA I el HAa
FTH o2 P. polymyxa E681
starch 2%, yeast extract 0.1%, (NH4)->SO, 0.5%, MgSO, 7HO
0.012%, 0.0lmM MnCly, 0.00lmM FeSOs 5mM KH,PO, = 4
A& AHEshe] 500L g el 200L wiA S Abg-sle] EApe] o wF
°] SYN ®jA|& 30%, 200rpm 270 & 18A17F HujFatar xuj oy

z=

Hj <]

pHE 6322 A 4]

SYN medium (4%starch, 0.1% yeast extract, 0.5% ammonium sulfate)

Tris—Cl buffer [Phosphate buffer PMX medium
0, ’ 0, .
0% CaCOy 196 CaC0Os | (50mM. pH 6.8) | (25mM, pH 7.0)
Total 15X10° 2.4X10° 7.95X10° 2.8X10° 2.2X10°
Heat resistant 1.3X10* 1.94X10° 2.6X10° 1.23X10° 2.18X10°
Sporulation % ~10" % 81% 33% 44% 99%

Fig. 1 pH control by calcium carbonate in the culture (A) and various buffer (pH control)

for spore formation of P. polymyxa E681(B).
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Starch(S) Glucose(G) S+G S+Peptone(P) S+G+P

$1+G 0.5

S 1+G 1.0

S 1+G 0:5+P1L

S$2.0+P 1

Fig. 2 Adjustment of carborn and nitrogen source for reduction of polymer production.
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2. AtEZFE i E681T S AFEN R STEY AP AT EZAE

hodut AEAeA e nel % wel v@ AYEAE} 17

T A7iv wdw JddiEl (23 xme Euv) 92 FAE (2 gd 3F) 27
Paenibacillus polymyxa EA (L9 % 11 x 10°ml cfu/m)E 135 % (1/20 3A), 3¢
FE (17100 84), AFE (1/500 3R vrol Aelstdlon dxv wddd s o
& H9Y B AMgEd 24 AE T 2 x 3 m’ 9 AV|E Fto] 3wtEor FA s o
7+ A3 P. polymyxa E681 X225 13.3L4 #F3t3th (Fig 1, 2). #5F A3 & 3F 74
H

)
s

I 5 d By E AFHE P. polymyxa®] root colonization capacityE ZAFsFE T A
=9 Hal Ay 1/10 Tryptic Soy broth (Difco)®} 1.5 mm Glass BeadE % 7}sti Bead
beater= 10Z&3t ZFstAl x1&et § 1 dgdo] tia] 3AHw vy )83k 1/3 Tryptic
Soy Agar (50ug/ml Rifampicin)ell 48A1%F 8] &% UEld P. polymyxa 2= E N3t

I A3 1/500 sl #AFA U BE 1g & FHd 4.0 log CFU/ge ¥X=2 P. polymyxa’t %
Zetal s dESGT B o|BT EAe] wrh E9kd 1/20 A A 1/100 34

7)
(Fig. 3). w&bd 2 Al el os] &5 Hzlgd 4% 100 ~ 10° CFU/ge 2= P
polymyxaZ} Helol] AzE & ot dHE ¥ Ay "MER A AR A¥ #F A
Toll A P. polymyxa®l XA F%7F =&75 x5 2 22 FE7F 32 AT nlE]

o WEsk F oY e AuE Wtk ot BFE P polymyxadl EAEEel vleste]
—L

|

A5 Az F8F A3 W 23w AAF FYech 2 A3 Josh g Y 23 R
F oozl v B AelTr Qe 24 YAFA e et 29 BEgel 2
$ Qe EFe deTE o 133 em ol AAT 1/20 349 BEFAA °F 137 emE F7ke

gom FAY EFE FxT 138 cm® HUk 1/20 #F A FolA 142 cm=2 279 SUHE
et AT AAFe A¢E Jduge dxz2T 6.1 gollA 1/20 &5 A 66go=, A
AA] 6.3gol A 69ge2 F7F stk (Fig. 5, 6). 29 A= x5 1 2%3°] 46 cm
el ov s Aeel P polymyxa 37 DE7t Eol AR 2FE HA F7hste] 1/20

A #AF ATt AL 54 emW YR AA ZF78EAT (Fig. 7). £33 Hele] AAEFE 25 ¢
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mbel Il tizell s F7bake] 1/100 314 wE Awre] A oF 30 g W E Frbehe
Asts Yehilth (Fig. 9.

Tty 2w A 2ol P polymyxa EA} S| s AP el 7 AL
Z}

Ao o] Ade 10° ~ 10° CFU/ge s=2 & st A& A%

2% 2 AAF F4E B2T 5 AU

18m
— 3m —% « 2m =
o st B1 c1 cT1
¥ Al
im
!
Cc12 c2 B2 A2 i2m
B3 A3 CT3 €3

18m x 12m = 216m’ (2 6550
A= 39 x 1720

W 219 spore count = 1.1x10°

a W0LZ 3527 50
i > 6m* X2| 7 133L =0

Fig 2. P. polymyxa ¥~A &+ 32
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B youngdae-ri

¥ Jangjae-ri

Log CFU/g

1/20 14100 1500 Control

Fig. 3 #5 Ag ¥ 357 A 5 "ol 3t Paenibacillus polymyxa®l root colonization

capacity.

Byoungdae-ri

® Jangjae-ri

Log CFU/g

1/20 1/100 1/500 Control

Fig. 4 #5 A2 ¥ 35 43 7 ¥ B yehd AF2| Population density.
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143 4

ab

-~ 140
E
2
e
E 15 7 Byoungdae-ri
E ® Jangjae-ri
o 130 -

125 =

1/20 1/100 Control

Fig. 5 2o =4 3t Paenibacillus polymyxa2 Plant growth promoting effect

s

7.0

65 -

Byoungdae-ri
6.0 A : y
® Jangjae-ri

Plant Weight (g)

5y A

50 H

1/20 1/100 Control

Fig. 6 2o AAF W3t Paenibacillus polymyxa®] Plant growth promoting effect
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Fig. 7 289 =% st Paenibacillus polymyxa®] Plant growth promoting effect

3.5
a
3.0 ab ab
b

& 25
=
S 20
‘T
2 15
)
=
2=}
o 10

0.5

0.0 T T T 1

1/20 1/100 1/500 Control

Fig. 8 x|l AAF et Paenibacillus polymyxa2] Plant growth promoting effect
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ME

v A oatol Italian Ryeglass (IRG) % < %¥He =
el &k P. polymyxa EAFe] A o HAES thad o] AAstAT ¢ 2 v
oS 717} 0.2% CMC (Carboxymethyl cellulose sodium salt) &< 1/5, 1/10, 1/20, 1/50%
g Agk 3 3k AHEd Italian Ryeglass (IRG) A 24gS 250mle] XA} g4 fo 9A]7F ot
A2 HASFATE £ FU} WHoE B FA 90gS ¥AF A 350mlol A5
b AR TAE R £ F & A 2 x 3m’ o Av|e Tl WHEY 9F
skt (Fig 9, Fig 10, Fig 11).

P. polymyxa EAFN] A A& s gokre] 2 Italian Ryeglass (IRG) £AE 3% 6573
I B E AFHEe] B A& Popolymyxadl DEE SASGT 1 A3 1/50 A 8
o AR FA dFF2HEE K H 28 log CFU/g, IRGE 33 log CFU/g ¢ ¥&x& 4
Aok @A AA 22 AR Ut w5 E o BFse Popolymyxa®l BEE
to Wob A4S AF TA A9 15 4 HAoe] AAA Pz BY w
42 log CFU/g, IRGE 4.1 log CFU/ge Az Ax=E yelllt weba XA 1/5 EA} 3] 4
Ao g3 A9 Hd 10" CFU/ge WE =2 P. polymyxa’t B2 2 IRGY o] & Zo] 7}

okt (Fig. 12-A). =g S AYw A9 3% 1/10 ~ 1/5 22 A Ao HA 5 355
Al 10" CFU/ge] WEZ P. polymyxa’} B.219} IRGS %elo & A&sdtt (Fig. 12-B).

ZF Ao 2% 8 AT AA

FEY AATE At A4 AgTERFEH dojxl FE=9 ARVIXE wEcr] 96
ADF, NDF, CP ¥ TDN (Total Digestible Nutrients)®] $r=#S utotstdet 2 Ay =33}
AASA Bl giz79 & 2olE& HolA kot IGRY 49 1/20 E2 s]A < 37
Aol A iz rY 2 2ol FUFeR o™ o] A2 Al AR ATt S A
FAbet A=k w3 IRGY AT 94 1/20 ¥4 3 HAA A 3rr 7bg E£ghon o
= AH Ao Buk= ekl (Fig. 13).

olo] A Table 13} 2ol ZH A& AFxFe] 7 Ag+o gk AFR7IAE A8kl 125
Bl TDN (Total Digestible Nutrients) A}ttt 1 Ay Heeo] AS 1 243 ATl
AolA izt w3 Alm| el Ble 2 zbol= uERAl dkou 1/20 A A2+l TDN

&2 23y g 3 @9 AT RYE o 58 Ao w2 yekdth IRG 9A 1/20 A
Ag] ol A TDN H &9 545 Uttt (Fig. 14).

9 S AT AE 2 WA Aeste] #FE RGO AFAdAME 165 d3 F 1/20
A Aol A FAE xR B 7Ie A gtel vl o 2 dxFe Hitgke]l M =

i

o

o

off
rir

{
-

F7}

d
O

H A B ANFEFS A4 %EF F 13F 4@

H]

juih

il
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2 Aoz yeht (Fig. 15).
F359 P polymyxa 4 A AYF sE:AdE #5 Agsk fAHE 10° CFU/ge
= ol P. polymyxa w57+ A2 745Em ol #F AgWun AHg LA wjFee) ¢

Ad & e 249 WeE Alrdd. 23 HA AYPY ARAE T IRGOIA X

b
i)
ki

O
o

o

Italian Ryeglass (IRG)

Fig. 9 P. polymyxa EA ] Ttalian Ryeglass (IRG) = <d<Fn g £x A2 g
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11m 5 ] 5}? g g

21

m| 1|2z s¢] 5 ]|s ﬁéﬁ@ﬁﬁ 12

D IRG-FAzal, 2) RG-3T4(1/50), 3) IRG-E Al
4 IRG-51(1/5), B) RG-5X2(1/10), 6) RG-5<3(1/20)

7 dedEe-Fx, 8 GYFe-=T401/60), 9 SLHE-HaA|
10 GE2e-2=101/0), 11) EH2-=Z201/10), 12) BFFel-=Z31/20)

(3 (9) 2loll= FAH =4

11m
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Log CFU/g
[ = 2 L iy
| | | |
=]
=2
-k
I
0
—
D -
|
g g
2

1/5 170 1720 1/50 Control
B
, a
ab
4 -
3“’ 3
S Wpar
= arley
o
- “IRG
1
0 T T ]
1/5 1/10 1/20 1/50 Contraol

Fig. 12 A &2 3% ¥ 67 A% 5 H2] 9 Italian ryegrass (IRG)ON W&t Paenibacillus
polymyxa®] root colonization capacity. A A3 A8 24 (A), T A& Al £
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120

100
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N Barley
B IRG
n o2

PlantLength [cm)

40
20

1710 1,20 1,50 Regular Contral
Fertilization

22000
20000
18000
16000
14000
12000
10000
8000
6000
4000
2000

Plant Weight {kg/ha)

1/5 1/10 1/20 1/50 Regular Contral
Fertilization

Fig. 13 oAl A3 Alg XA olA B¢} Italian ryegrass (IRG)Q =% (A) ¥ AAF

(B)oll W&t Paenibacillus po]myxa 2] 7-¢] Plant growth promoting effect.
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s _ ¥4 ¥ 500

RICEE A ADF NDF CP P

1/5 34 41.14 65.73 6.90 57.15

1/10 84 40.14 64.01 6.89 58.22

R 1/20 34 39.73 65.10 6,51 56.52

1/50 84 4155 65.68 5.60 56.35

A ] 42.03 68.13 8.22 58.29

EREl 40.70 64.71 5.46 63.20

1/5 84 29.71 48.68 6.12 60.18

1/10 84 30.09 48.24 6.30 60.78

p—_— 1/20 34 26.96 46.15 6.97 63.78
[e e} -

1/50 34 31.16 51.81 6.60 67.66

A ] 27.75 46.38 7.84 69.60

EREl 29.73 49.87 6.21 62.65

Table 1 A3 A3

475

3L X}

-

o

o 7t Aol dF ARA B4 A

45.0

425 -

400

375 4

350
325

30.0
275

25.0

Total Digestible Nutrients { %)

225 -
200 - T

— B Barley
IRG

1/5 1/10

1/20

1/50

Regular Control
Fertilization

Fig. 14 A3 Ad x4 Z} A2+ TDN (Total Digestible Nutrients) H]xl
TDN(%) = {[(87.46 + (0.2 x CP)] x 0.816} - 2.38) - (0.91 x ADF)
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(3) 2" A

B8 wet Ao tE P polymyxa FEAS] BFAA L WolE root colonization
capacity % A% £ adE Abetr] sl Z®W EZZA Clay, Activated (oA s}hsh
2564-1405), Kaolin (th3}st 5041-1405), Talc (GFAFAAAZ T0008) Lzl &A= 4
=, CMC (Carboxymethyl cellulose sodium salt, 2 oA Z C0292), Gum Arabic
(Sigma G9752) & & o|&atAth ZW 2> B¢ Sudangrass A o= HAA T =
Y WS A Popolymyxa EA wjF dols FHRA G EFeto] 5u) 3 A3 5 o] A3

A=A HEo] 2:17F HEx el Faket 2 vFy A1 Az 2 278 AT

o

4o
b
o
e

SAA TR WA oz AN (Fig. 16, 17). 38 A3 Fx1o] ol

Y T}l Glass Bead®} 37 1/10 Tryptic Soy broth (Difco)E 7
o]zl e 80TelA 2083 Halste] Ea ol Fwgh & 1/3
B wjgs AAsEAT

23 m"gEd glo] AAT g A

-

aff ZFskAl xlwsf A
Tryptic Soy Agar Wl #](50ug/ml Rifampicin)oll &]4]
P. polymyxa ¥AFe] HE] Fxto] thak H2A
SR IREAS o] A& mEEE A 1g9 10° CFU/g 149 P. polymyxa EA7}
2 7hsstaith olw HAAl L H A AP o AA stAY FHAY vRE woks AW Y
ol v AA Eo ek m” A7 JAA B S| RAs= P polymyxa EA}
Ues HUSd ¢ U+ F& PR Alndn &8 Ia¥=43% JFAY SRl we F
Aboll H-2Z3L= P polymyxa A Ao 2 Aol flAoy 1 F Kaolind 0.2% CMC-E <
S AEAE W B S8 Ao 2 yEyt (Fig. 18).

3l FH ¥ K9l SudangrassE A4 12cm FEEo| wF 3 2F A3 5 1 B RXFEH P
polymyxa Az WEES ZAEAY. 1 Ay wmEE HY 54 logCFU/g YEpd o
Sudangrass©= HW 4.8 logCFU/g= uYElykth vbd X 5198 49 Heles Hd 49
logCFU/g, Sudangrassi= 4.0 logCFU/g% YEelY E£2x Z”YA] P. polymyxa®] 7] A& U=
T FA AN RS A 2o skt (Fig. 19).

P. polymyxa ¥A9} H&°] Kaolin T8 H& F A ¥ Sudangrass TAE EEA Hol A
5 27 A3 5 29 BAFTES S8 WA A9 "YW A A 3 &3t
2ol 7b A=A AR ATY. 1 A3 HA ek A" AY BEF gzl Hle) g3 Az
7He Blow :" Aer] A A w2 243 AT FUHF O ¢ Ao
etttk whebA FA A el Hla] g At AE A A a9E o ST JAow AR
#} (Fig. 20)

@ AA TPl hE 2y mele 48 IS A 108 FE wol AR Rk AW
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AW Kaolin Z8 A g Xz

=
=

2}

Ry
fn 5N

o P. polymyxa

XO
23]

oo

e

!
H

B/

an!
o

=K

7Fatel

=

[}

T 26 cm=

(e}

3

Y2

1
-

.?_

[}

=

atadth (Fig 21). 1 A3 o]

S

a =9 24 3

5 kg¥ &
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(1) Nifl 37 4

Nifl F3AE Aejdoz FE37] 93 Primer SetS Table 29F #o] A3t Al A
WAA w59 Paenibacillus®: 7529 gDNAE Ao & PCRS A&t 1 Ay o}

2 AdEstelM e B EA Ekon A= Ao Bel oM Zeld HSI-D welA o

F SFAES Dol o] dEFVE NH FAAE AU S Aem qFEAT (Fig. 2).

=

Prslré}cer Sequence Ampl(lggr)l size
Forward 5-GGCTGCGATCCVAAGGCCGAYTCVACC CG-3
I Reverse 1 5-TGVGCCTTGTTYTCGCGGATSGGCATGGC-3 326
Forward 5-GGCTGCGATCCVAAGGCCGAYTCVACC CG-3
I Reverse 2 5-GGCATKGCGAAACCSCCGCAYACAACGTC-3 304

Table 2 Nifl +3 A 53%-& 93 PCR Primer Set

Control
HS1-4

o

s %
c o~
0 w
LS s s

HS1-D
HS1-F
Hs2-C
HS2-D
HS1-D
HS1-F
HS2-C
HS2-D

* t*

Setl Set 2
(Forward + Reverse 1) (Forward + Reverse 2)

Fig. 2 PCRoll °|gt NH Fd#ke] AE, Wby st xo] bpel aldet= 2 Primer Set9]

Amplicon°] Nifl F+HAZ5H F3%E A,
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(2) aiA A &

aiiA FARE
ERLE

Paenibacillus

=9 p
o Tl AE FI8wF7V, Bacillus w5 FolA &=
CH5-8, CH13-12 59 7} aifA F+4AE 71A 2L Y= Ao

=
=

Ao g FE317] §13% Primer Set2 Table 33 729]

g e

S

Paenibacillus% 59 gDNAZS tidoz PCRS AAsdt. 1 A3

SSR10-2, CH3-12, CH4-4,
2 #4504 (Fig 3).

PrS1rer}[er Sequence Amplgggr; size

I PPaiiA Forward 5-TAACAAATTGTACTGGTTACCGATCG-3 703
PPaiiA Reverse 5-ATGACCGAAGAACAACAGATTCGACT-3

I BaiiA Forward 1 | 5-GACAGTAAAGAAGCTTTATTTCATC-3 790
BaiiA Reverse 1 5-TTTTCCTGCTCTATATCATGACCAA-3

I BaiiA Forward 2 | 5-AGGTATGCCAGAAAGTGCAGTTAAT-3 464
BaiiA Reverse 2 5-CGAACGGCACTTCATCTTCAAAATT-3’

Table 3 aiA 3= F3%& 913 PCR Primer Set

-
@
©
o
o

YS3-A
YS4-A
152-E

BA2-C

WB1-3

WB1-8
WB2-12
WB2-13
§)1-2
S)2-14
CH10-1
F15
F18
CH1-16

PaiiAF + PaiiAR

BaiiAF1 + BaiiAR1

PPEGSL
YS3-A
YS4-A
1S2-E
BA2-C

o
&
@
=

WB2-12
WB2-13
5)1-2
52-14
CH10-1
F15

Fi8
CH1-16
SSR1-2
SSR13-1
SSR3-2
SSR4-2
SSR5-1
SSR10-2

®
&
=
=

M

SSR12-1
SSR12-3
SSR13-1
CH3-2
CH3-12
CHA-4
CH5-8
CHE-1
CH13-12
CH15-3
MKS2-2
¥S2-A
IS1-A
KH1-F
KH3-E
M

PPaiiAF + PPaiiAR

BaiiAF2 + BaiiAR2

YS4-4
1S2-E
BA2-C

WB1-3

WB1-8
WB2-12
WB2-13
Si-2
CH1-16

PPaiiAF + PaiiAR

Fig. 3 PCRel|l <]3t
Amplicon®] aiiA

aifh FAAC] AE, WA
FANERH TZH 9.
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R 2. M AR T (T =ataA sAEd)

AsH A F A5 A F A= AN F

w1 Miscanthus sinensis w14 Miscanthus sinensis Dixie4 Miscanthus sinensis
2 Miscanthus sinensis =1 Miscanthus sinensis Yaku dwart 1 Miscanthus sinensis
3 Miscanthus sinensis la=gel! Miscanthus sinensis Yaku dwart 2 Miscanthus sinensis
4 Miscanthus sinensis 30 Miscanthus sinensis Zebra 1 Miscanthus sinensis
w5 Miscanthus sinensis 3He1 Miscanthus sinensis Zebra 2 Miscanthus sinensis
36 Miscanthus sinensis sh= Miscanthus sinensis Light 1 Miscanthus sinensis
7 Miscanthus sinensis =3 Miscanthus sinensis Light 2 Miscanthus sinensis
Hlq Miscanthus sinensis 34 Miscanthus sinensis Hin 1 Miscanthus sinensis
w7 Miscanthus sinensis Strictl Miscanthus sinensis Kitten 2 Miscanthus sinensis
ulg Miscanthus sinensis Strict2 Miscanthus sinensis Kitten 3 Miscanthus sinensis
w9 Miscanthus sinensis Zebril Miscanthus sinensis Punk Miscanthus sinensis
110 Miscanthus sinensis Zebri2 Miscanthus sinensis Chen Miscanthus sinensis
H11 Miscanthus sinensis Dixiel Miscanthus sinensis Yago Miscanthus sinensis
w12 Miscanthus sinensis Dixie2 Miscanthus sinensis Ya dwart Miscanthus sinensis
w13 Miscanthus sinensis Dixie3 Miscanthus sinensis

. oA W 2Ry uAE

S
Ac)

TR A o MAstE SEAMTS EEsh] fste] g 2ol 3t e
xW Ae FS Fx=(tap water)S o] &3] A AT ths AZolA ST EQF A= AF T
Azxd oA BelE 1 ecm 7|2 A& F A3 EAeks 2R A& (epiphyte) S Al

Ast7] §18ked 4% NaClOol 5%, 25% NapS:0z01 103 HAAZ vh5 didE 43] A st

Aok 2™ v, 75% ol ¥-&(EthanoDol 3%3F A § AdFRTE 43] AlHsL 10%

NaHCOzol 1027t HAAZ & FaddA A=A 99k Zo] xHAds oA s

homogenizerS ©]-&3o] 5000 rpmo 2 3E3F ZolA &
=

o]
Toke] 28C oA 7L WG F, A" & dLdEZ Y (single

O

i)
ofo
>
bl
fr
>
:

TYA % R2A #jA] 9

colony) 313 & 2|33t

Root

a9 2. AR zRE WA s 2
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V.

v

3 Ty
\> 4% NaClO

Smin

\ 2.5% Na;5,0;
/" 10 min

75% Ethanol \\ 10% NaHCO; \

W )

10 min /

a9 3. A&

3. A ZAA 22 viA B 24

Ao A =

el g 9% BT

CEEE WA 24 (/L)
Yeast extract 05 ¢g

Proteose peptone No.3 05 ¢g

Casamino acids 05 ¢g

Dextrose 05 ¢g

R2A Soluble starch 05¢g
Sodium pyruvate 03 g
Dipotassium phosphate 03 g
Magnesium sulfate 0.05 g

Agar 15¢g

Tryptone 5¢g

Yeast extract 3g

YA CaCl, 07 g
Agar 15 ¢g

a9 4. 4 2AAT Qe
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d BREA key® QAW 9t 165 RNA ¥R fH4 d7149e BAsdnh Aw
(genomic) DNA %%, PCR % 97149 24 wyon Sasdon, Bea o 54243
= ReFe $EG/ADS NCBIA ZetiE@las) 42 9 £F wrse] FAES

aeete] 7MY FAMETE =2 B dFHoE sAZAAE vgetdith WA
DNAE #H3 vjx]o] =gk vjgke] F2YE 5%(w/v) Chelex-100 100 xl7} & E-tubeol] ¥
100CelA 5 WA 1023 #Q tha A=A A8 dadie 3 5 2 A4S Colony-PCR
of o] &3t} 16S rRNAE F 79 <& % universal primerE At
Sk ol m: 27TF(E. coli 16S rRNA positions 8-27; 5'-AGAGTTTGATCCTGGCTCAG-3');
=2 o H}-ak Zg}o|: 1492R (E.coli 16S rRNA position 1492-1510;
5 -GGTTACTTGTTACGACTT-3")1.

PCR ¥F$-E-9] 242 10x reaction buffer, 25 mM MgCl,, 50 mM dNTPs, 0.5 2] 5U Taq

ofo
ol
o
2
ol\
IS
ol
ol
38
o
ol
ok

polymerase(Bioneer Co. Ltd.), 20 pmol 32z}o]H o] <oF 20~80 ngel AA¥ DNAE FHo
2 H7bsldal PCRE $18 7 wkgo 2% 712 th33 2t DNA denaturatione 913 9
AT A 40 %, annealing= 93] 55T A4l 403, DNA strand elongations ¢33l 72TCoA 15
A4S 283 WHEStE 2UE ARSI BHEo] Y PCR AHE2 0.8% agarose gelol Al &
H PCR purification kit(NucleoGenAh)E Ap-&3le] AA S & Jr|EdS AAsY
A7IME AL AF5A7I L F X (ABI 3730XL; Applied Biosystems)S Al-&3le] AA 3 C
o, A4¥" d71AM<E2 "= NCBI®] BLAST (http://www.ncbi.nim.nih.gov/BLAST/) #
H

A
& AHESte] V]Eol TEE ugd w5 ASshe AVIMEY vt fAEE 2F

o
ol
2
o

el

W

st 2 A, Bacillus7t 18Fo2 Anb oo m REEglow I wro #Fo

rr

Brevibacterium, Renibacterium, M crobacteriums, Tumebacilius, Pseudomonas,
Lysinibacillus, Agrobacterium, Janthinobacterium S°] &% Ac}t. &2 +5F 5 Bacillus
thuringiensis Tumebacillus permanentifiigoris, Pseudomonas koreensis, Lysinibacillus
sphaericus, Agrobacterium vitis, Janthinobacterium lividum 53 +AFe 28 H 5L A EA
FEXY HelEx #A| wAER AWt 1 5 BEI00501 5= Tumebacillus
permanentifiigoris®t 99% A S YERNSI 3, BE100506> Bacillus thuringiensis$t 99%,
BE100516< Agrobacterium vitis$t 99% 2 BE100533<2 Lysinibacillus fiisiformis®} 99% -AF

d& HERAY (32 4.
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# 4. 252 165 rRNA +82 714 < BLAST 23}

No. =T Strain name Length(bp) Similarity
1 BE100484  Bacillus subtilis xfchu2 983/986 99%
2 BE100485  Bacillus psychrosaccharolyticus 977/981 99%
3 BE100487 Brevibacteriumfrigoritolerans AN-1 983/990 99%
4 BE100489  Renibacterium salmoninarum 966/977 99%
5 BE100490  Bacillus simplex MX6 967/971 99%
6 BE100497  Microbacteriumhominis M23051 958/966 99%
7 BE100498  Bacillus foraminis DRG5 968/930 99%
8 BE100499  Burkholderiacepacia KCTC 11096BP 983/986 99%
9 BE100500  Bacillus acidiceler EI-19 980/983 99%
10 BE100501 Tumebacillus permanentifrigoris Eurl 9.5 1072/1180 90%
11 BE100502  Bacillus cereus MG209 985/987 99%
12 BE100503 Bacillus megaterium TOBCMDU-1 978/978 100%
13 BE100506  Bacillus thuringiensis 104XG46 979/992 99%
14 BE100507 Bacillus shandongensis SD 977/984 99%
15 BE100509  Bacillus niacinistrain G11 973/974 99%
16 BE100513  Bacillus luciterensis LMG 976/930 99%
17 BE100514  Bacterium 072527 967/978 99%
18 BE100516  Agrobacterium vitis K309 970/979 99%
19 BE100518  Paenibacillus glebae LMG 238307 972/933 99%
20 BE100522 Pasteurellapneum otropica 7F]J-3 991/995 999
21 BE100525  Pseudomonas koreensis HG-K5 966/977 99%
22 BE100526 ~ Bacillus koreensis BR0O30 946/946 100%
23 BE100531  Bacillus drentensis G18 974/983 99%
24 BE100533 Lysinibacillus fusiformis CCM1B 977/977 100%
25 BE100534  Bacillus bataviensis IDA 1115 973/976 99%
26 BE100537  Lysinibacillus boronitolerans 116YGI15 979/985 99%
27 BE100538  Bacillaceae bacterium CL3.139 958/982 99%
28 BE100542  Bacillus muralis REG126 972/978 99%
29 BE100545  Bacillus pumilus B07061 987/987 100%
30 BE100546 Lysinibacillus sphaericus 13632 992/994 999
31 BE100547  Janthinobacterium Iividum BRO1 988/991 99%
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S|
ax|

i

o B @re YR54

4] FHAEA BE WAAE

of At ffel Zelatel st A2, 2, pH B HASA e 545 dofsidtt (11

10, 15, 28CWHlA A9, pH 50 & 6.0 ¥ NaCl 5%+ 05 10, 20 %

3.0% WA FAete] AF5AHo] 3 31 5 At

10Col A AebA] @gkar 15CollA sl Al Asko

BE100533 5+ 10CelA 2+ 2 A5kt (& 5). # H

A Askd #ewFe] NaCl s=c we v 23 g2 #57F 05%0A4 & gk

BE100501 & 1%°lA <Al Aator}d 2% ool = Aekx] &kom, BE100506,

BE100516, BE100533 wF+ 2%¢% 3%°lA =25 2 zAgith oepbs A2, A4 pH, e =
A& H<l BE100501, BE100506, BE100516 % BE100533 & &3ttt (3 5).

MaCl 0.5% Mall 1.0%

a9 5. E839 &%, pH, NaCl 5%

_79_



E 5. AF5A wep Mg oA AA
Temperature pH Salinity
No.| Isolates |Control 10C | 15 1 38 ot 50 of 60 | NaCl | NaCl [ NaCl | NaCl
PHOUVPE OV 05% | 1.0% | 20% | 3.0%
1 |BE100484 | +++ - + T+ + + 4 4 _ _
2 |BE1004&5| +++ - - o+ + + ++ n _ _
3 |BE100487 | +++ - - T+ + + e+ + _ _
4 |BE100489| +++ - + F+ + + e + _ _
5 |BE100490| +++ - - +++ + + + + - _
6 |BE100497 | +++ - - 4+ + + et + _ _
7 |BE100498| +++ - + 4+ + + + n — _
8 |BE100499 | +++ - - 4+ + + ++ + - _
9 |BE100500| +++ - - T+ + + et 4 _ _
10 | BE100501 | +++ - + SR + 4+ o+ + _ _
11 | BE100502 | +++ - - T+ + + e+ + _ _
12 | BE100503 | +++ - - 4+ + + et + _ _
13 | BE100506 | +++ ++ ++ |+t ++ o S S et et
14 | BE100507 | +++ - - T+ + + 4 4 _ _
15 | BE100509 | +++ + + o+ + + ++ n _ _
16 | BE100513| +++ - - +4+ + + +4 + _ _
17 | BE100514 | +++ - + 4+ + + I+ + _ _
18 | BE100516 +++ ++ ++ +++ ++ ++ +++ +++ ++ ++
19 | BE100518 | +++ - - 4+ + + et + _ _
20 | BE100522 | +++ - + T+ + + 4 4 _ _
21 | BE100525| +++ - - o+ + + ++ n _ _
22 | BE100526| +++ + + 4+ - + T+ + _ _
23 | BE100531 | +++ - - SR + + 4+ + _ _
24 | BE100533 +++ ++ ++ +++ ++ ++ +++ +++ +++ +++
25 |BE100534 | +++ - - 4+ + + et + _ _
26 | BE100537| +++ - + A - + + n _ _
27 | BE100538 | +++ + + T+ + + 4 4 _ _
28 |BE100542 | +++ - + +++ - + + n _ _
29 | BE100545 | +++ - - SR + + 4+ + _ _
30 | BE100546 | +++ + + AR - + o+ + 7 _
31 | BE100o47 | +++ - - 4+ + + ++ n _ _
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ol AW e B HARG Z4 D HEAR

Auxine A Eo] Ao A Holste] AAdst=d st 53] £7] A #osts e
o]l ACC-deaminase: A& X2EHX2E &
Ta2A AE AGS XA 98-S S gEA Add e AE A £354E Z9
3l7] 918te] auxin A5 ACC-deaminase A4S A5 om Aol 43 BE100501,

BE100506, BE100516, BE100533 & 47+E FHFd o=z AEstAt (& Q).
(1) 2Al(Auxin) BA %

S T2F AS King's medium  B(KB)  #]Ao] 4 AFAQ L-EHET
(L-tryptophan)< 0.1% F7Fstar Abats FHEste] 28TolA 24A17F vttt vjdd &
4Co|A 6,000 rpme.z 1583 dAdielsta FEld F5 N9 salkoski €9 (35% HCIO4 50
mL, 056M FeCl3 1 mL)S 1:222 30%3F oA vSAI7 & 521 TS dAsdint. 1
A3 At BE100501, BE100506, BE100516, BE100533 & 333t 8v 5ol A] auxin A
dol ¢-FstA UEtHt (GE 8).

r£‘

¥ 6. Auxin A% 3 wix xA

Medium Composition ( /L)
Difco proteose peptone no.3 20 g
o, MgSO,-7H,O 15 g
King's
medium B | Glycerol 10.0 ml
*L-tryptophan 01 % Control  (—) (+) (1)
*pH 7.2 at 25 (—) negative, (+) positive
a9 6. ATl tid auxin AT

(2) ACC-deaminase &4

ACC(1-aminocyclopropane-1-carboxylic acid) deaminase BAts2 HAAYPozA 3 mM

ACCRF #7}¥l DF salt minimal iAol A5 FFato] 28T A 2d3F mjgs ¥, ACC
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& 3l= ACC deaminase A4F o

n
o4 ACC deaminase AA2ts o] $-3tA YeERS:

i
M

¥ 7. ACC-deamonase A5 &l wjxzxA

Medium Composition ( /L)
KoHPO, 40 g
NaHPO,4 60 g i i
MgSO,-7H;0 02 g Lol -:-:E__-. -
Glucose 20 g [ — = - e s
Gluconic acid 20 g Tt
(NH,)-SO,4 (N-source) 20 g .
DF salts Trace elements
(minimal FeSO,-7H,O 1.0 mg — =
medium) HsBO; 10 ng — s
MnSOy4-7H20 11.19 ng
7ZnS0,4-7H,0 124.6 ng Control  (—) (+) (++4)
CuS04-7TH0 78.22 ng (—) negative, (+) positive
MoO; (pH 7.2) 10 ug
g 7. AdtFo] g3k ACC-deaminase A5

() 7kl a4

il
o,

o

EagAe S LB AA wiAol HFskar 28TolA 24A1%F vt ohs wiFol
6,000 rpmell Al 15&-7F AAE e A5 ds A 5= AHEs

Cellulase &4 BMM [(0.2% (NH):S04 0.11% NaHPO, 0.07% KH.PO, 0.0001%
MgSQOy, 0.0001% MnSO4] #iA]ol] 0.4% CMC(Carboxymethyl cellulose)”} ¥3H¥ 314 vl %] o

A B TFolo] £ PJo =z cellulase E44S U3k

il
i

Pectinase™ pectate lyase medium (1% polygalacturonic acid, 1% yeast extract, 0.38 uM
CaCl,, 100 mM Tris HCl (pH 85), 0.8% agarose, 0.8% sodium azideol] A¥rF2] wjdF A+
SaSs BFEe] FH3t A 07 pectinase FHA S dHelskgtt

Proteasex protease medium 3% gelatin =+ skim milk, 0.4% nutrient broth, 0.8%

F3oto] =3t IJA 0= protease FA S ol

e

agarose, 0.2% sodium azide®l] ¥ 5 H&
ST

I Ay, AvbitS BE100501 5ol A cellulase, pectinase 2 proteases ®.¢1 WA 1} %]
Akt ol A= 4] iAW BEI00506 ool Ao o] &Ado] <kstA et (198, %
8).
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Cellulase

Protease

a9 8. AditFo )3l cellulase, pectinase % protease &4
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E 8 HBAE 4o e HAFHF
No.| Isolates Original Auxin A(.:C S AU AT e
deaminase Cellulase | Pectinase Protease
1 | BE1004&4 tissue - + 4+ e +4+
2 | BE100485 | suspension - T+ - - -
3 | BE100487 | suspension + - - - -
4 | BE100489 | suspension + + - - -
5 | BE100490 tissue + + - - -
6 | BE100497 | suspension - +++ - - -
7 | BE100498 | suspension - - +++ +++ +++
8 | BE100499 | suspension + 4+ - - -
9 | BE100500 | suspension - - - - -
10 | BE100501 | suspension 4 +++ 44 +++ +++
11 | BE100502 tissue + + - - -
12 | BE100503 tissue + 44 - - +
13 | BE100506 tissue +++ +++ + - -
14 | BE100507 | suspension - - - - +
15 | BE100509 | suspension + T+ - - -
16 | BE100513 | suspension - T+ - - -
17 | BE100514 | suspension - - - - -
18 | BE100516 | suspension AFE AR = = 4
19 | BE100518 tissue + - + - -
20 | BE100522 | suspension - - - - -
21 | BE100525 | suspension - - - - -
22 | BE100526 | suspension +++ - - - +
23 | BE100531 | suspension - - - - -
24 | BE100533 | suspension +++ + - - -
25 | BE100534 | suspension +++ - - - -
26 | BE100537 tissue et - - - -
27 | BE100538 tissue + +++ - - -
28 | BE100542 | suspension + - - - -
29 | BE100545 | suspension - + - - ++
30 | BE100546 tissue e+ - - - -
31 | BE100547 tissue e +++ - - -
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= A T
rod typel. = 271 ©]/F9] flagellag 7}xl &&Ade] A+ dF=2 g2l HJo (29 9). At
T  16S rRNA A  d7IME 443 BEI00501  wF+=  Tumebacillus
permanentifiigoris®t 99% FAIEES YEFH I, BE1005062 Bacillus thuringiensis®t 99%,
BE1005162 Agrobacterium vitis 99%, BE100533 Lysinibacillus fusiformis 99% -FAI=E
Yetlt (F 9). ATl Aeld SAS A fdke] vk 10T, 15T, 28CellA
3Y7E viekstH A 24X PE R wFEALS S83 ZA3 BEIO0501 #F+= 10TolA =pebA] &
k3L 15Tl A FstA Ak, 28ColA= & Asrow, AEdS BE100506, BE100516,
BE100533 % 10ColA 25 25kt (32 10). A5 pH 50, pH 6.0 &7 v st
A3 BE100501 % pH 5.0914 v ¢ksAl Aste ) pH 6.0914 = 2 #pskr), 1 vhe] Ak
wF= pH 503 pH 6044 25 2 Askth(E 10). LT uddS gdstr] 918kl
NaCl =5 Z+7F 05%, 1%, 2% B 3% dto] wj¢fsk A3 BE100501 w5+ 1% NaCl &&=
ANA SFstAl AFgkal 2% o]l A= AekA] eFgk o™ BE100506, BE100516, BE100533 ¥ 5+
NaCl 2%¢} NaCl 3%°ll A =+ 2 25k (i 10).

StH AEAGSATHE 7 ARS8t auxin A4 53, ACC deaminase@d H
cellulase, pectinase, protease 7}r&3l] &0 T3l WA Ay 54 5 gt A
24 EAS A 49055 Adsda (29 10, & 11) JA 9 S X 2945 &
gto] o]5 43tFol diste] 585 st [53E9 =M PR EH EE MAES

20 20114 119 229]

BE100501 BE100506 BE100516 BE100533

I¥ 9. Adbere) v 4 Akl (TEM)
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¥ 9. HFTHLTFT16S rRNA 44 47144 443
TFHS 59 2 o] (bp) FrALE
BE100501 Tumebacillus permanentifiigoris Eurl 9.5 1072/1180 99%
BE100506 Bacillus thuringiensis 104XG46 1450/1452 99%
BE100516 Agrobacterium vitis K309 1420/1438 99%
BE100533 Lysinibacillus firsiformis CCM1B 1491/1498 99%
E 10. HFARTT AFEA
Temperature pH Salinity
[solates Control | . . NaCl | NaCl | NaCl | NaCl
10C | 15C | 28C | pH 5.0 | pH 6.0 0.5% 1.0% 2.0% 30%
BE100501 +++ - + +++ + ++ +++ + - -
BE100506 +++ ++ ++ +++ ++ ++ +++ +++ +++ +++
BE100516 +++ ++ ++ +++ ++ ++ +++ +++ ++ ++
BE100533 +++ ++ ++ +++ ++ ++ +++ +++ +++ +++
E 11 AFAWFFY ABYSEA 54
Isolat Original Auxi ACC Hydrolytic enzymes
sotates e wxin deaminase Cellulase | Pectinase Protease
BE100501 suspension + 4+ ++ 4+ +++
BE100506 tissue +++ +++ + - -
BE100516 suspension +++ o+ - - +
BE100533 suspension +++ + - - -

Cellulase

a3 10. F

=
A

Pectinase

SECIEER
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RIS 28] Yste] el 35S 95% ethanol 13, 2% NaClO 287F A Fsle] o~

E o] § YIS Mgt & AI/IWS YMA(yeast extract mannitol agar) wjA|e] Zgsle] 3
0ColA 3~4947F wigstaitt. E£ald #5& WAl =Esto] =53 single colonyE AL
A3}

o5& NA W% F 20% glycerol stock sk -80Tel HEste] AHol ol galir). el
dolelul A PelZowne F 4847t TF/k RSN, 165 RNA F74 971499 24
A3} o) F 21707} Rhizobium 4] T},

- 3o
o = v

SRR = CEREIES S

o,

el g 2170 AT Ee] AAl soleuA es FAddA Gt 2 dFEs
oy = FAkel HF3 F nodulation o155 213539 th Nodulation test® HH-&Eo] ¢4
3] #gl A7 3em #F& fFE AP potet A7 12em E8H~Y pot FOMAE U] FEE)
Fom FZAE AL vermiculiteE W€ poti= peat moss : vermiculite® 1112 &3513F &
S AFEEATHY 12). 253 oA Fxbel 10%cfu/ml s =2 #5738 & dFeta g

R FFAYGNS 5mY F7b HESe] 65 F P EPA

2] A& pot Z2t2E pot

o,
>
i)

a9 12. oA

r
S
&l
=
i)
ol
ot
oX,

o
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Control RE110039 Control RE110102

i

1% 13. oMl x] =5F1rol o3k By

ot

g4

3. AAE 7e AL

7h AAE R 2gAds

rob

o =l <
(1) A ZAAEe] el (B0L scale)

A ZHATE 4Tl tiste] AAS X 2FAFAS AT g SS S0L HExE HAAS
Ak AFEHl A= LBHIAIE AF&3H9 a1, BE100501 2] A% dauj=|ol A 2 =ehx] &
EAo] & wFEA A B FE2ES R2A wF el Hrtske] wigEATt (GE 12).
THF2 1L Zepsae] 2k wjx ek L xS AE-ske] 300ml & Fo = 1~2U3t vy
Fol Eufk HFo] A&t Eujde 50L @ aFol 30L working volume® &2 £l kol
1% (v/v)& FHFske] 28Tl 120 rpm., 1 vvm A2 1~29 F<t vt g &

woyele AR @ e BAAzste] A AxE 9% Az g

o

o
:

N

S

(¢}

o2
off

o
o,

¥ 12. A Z@AF e =24

AT 4 3 Hjj 2] Bl A 3L H) 1
BE100501 Tumebacillus permanentifrigoris R2A 484 AR FEE 05%
BE100506 Bacillus thuringiensis LB 241 %k

BE100516 Agrobacterium vitis LB 247 3Y

BE100533 Lysinibacillus fusiformis LB 247 3Y
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a9 14. 50L @¥ax 298 15. Freezer dryer

(2) sllolelu Al LA o <

glojg w2l /1 RE110039 5ol tisto] AlAst 2 EgA3d
Ex2 AANGAT. AL FFE Rhizobium £ 2 WA E YMWA S AF&e9 (52 13), 24l
G2 1L Zepza=e] 2 wi A S Fdd A E AFESte] 300ml & F o ® 3~4Y3E wi kst
of EulF HF o A&t Eue 50L @ E 9] 30L working volumel. &
(v/v)E AFste] 28ColA 120 rpm., 1 vvm &S 2 3~4Y st vidastdch  wjd 5wl
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ot
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I,

@)

ok ol

o =i A
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ot
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# 13. sl w2 It A

Medium Composition ( /L)
MgSO,-7H,O 02 ¢
Yeast extract 04 g
YM broth .
Mannitol 100 ¢
NaCl 01 g
pH 6.8
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L Al S oAl g

(D A FAAE

I &
M =448
O_] p T RLN
2 (10° CFU/¢) lg
Pyrophylite 69 g
A
Perlite 20 ¢g
AH A WP 700 10 g
= & 100 g

= T BHA slol A At TAAE A A
a9 16. A& LorEkA 3™ 17. sl guAE EEFsiA 2 FAAEA

(2) sloj A AAT

HEABFFE o §3to] £aAl 2 FAZYAES Axsch, FL5FHAE RELL0039

=
T
kil

o] TAAZR BES AR Fto] FHA|Z pyrophylite®} perlites #7Fste] 2A 3G Al

A= WPT00& 233 tha =l 3 4ste] Azxsidtt (2" 17, 3% 17).
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o

TAFYA = REL10039 w59 F44% B4S A2 3o ZHAZ perlite, &A=
arabic gumE H7lste] A eI ARTAHAZ WPI00S 233 v 28] %o F7H4d)

gete] AU (29 17, E 18),

£ 17. o uA§ LLrsA 95 24

3 = 5 B
o RE110039 Adz=®%
oAl (10° CFU/g) ls
Pyrophylite 69
22 Y °
Perlite 20 g
A A A WP 700 10 g
& Ei 100 g

E 18. dlojgu A& FAABA A5 =4
4 e = B
217 REllOg%g C%Fﬁ/ﬁg;%%% 1g
ol Perlite 88 g
A 2HA Arabic gum 1lg
A g A WP 700 10 g
+ & 100 g

4. MAEA BeH7l, ¢ABAY FEIe E ATAHY F=H 2F #E A=A A=

W s

7Fo oA A S8

(1) A] #1817 (thizome)ol tha A% A4 %757

Atk A e ERE 2 gAd" A8Hd (rhizome)&
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. A9 rhizome PIAEAHE] ASEXEY XE AlY
(1) 1= XEAE

ek A AF= 2aE SAst] fske, oA Helzhy 2 FAdE A8
o

.
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N
o
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e
filo
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(9 2D). 1 Ay, 9 2200 vrepd mpep o], kg Hee JT d5e 2l FA
2l Bt} BE100516, BE100518, BE100533, % BE100534 A ] F-ollA] A/&5 Ao Al 150~
200% ol AF=XaHE e, FYAEE FAYT By Aol FH= 29E o
BT

31 bacterial isolates suspensions (30mL)

(3Rhizomes/1Pot)

4

(Incubation at greenhouse for 2 months)

Rhizome

a9 21. g ¥l Z25-H rhizome 3] W 2 nAEAY AF5EZ g3 LEAS
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Con. BE100518

Con. BE100533

Con. BE100534

a9 22. 9A rhizome VA EA A o3 AHFHF g3
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(2) 22 XEAY

=

17} tests} A3 WHow HAoitF Bl Frhwtsol oid A s AFE A
T 230 WSl wpel o] M= HJF 309 B F, A8k el HEF A= dE=T
¢l FAE4- Ho BE100501, BE100506, BE100516, BE100518, BE100533, BE100534 %
BE100547 A&7l A A]7dF-9] o] 130~180% ol HX¥H+= &35 v, Fea34d
= FALT 2y Aol HXH = avE YEdth

Con. BE100501 Con. BE100506 Con. BE100516 Con. BE100518

Con. BE100533 Con. BE100534

29 23. 9A] rhizome VA=A o AHFFZ g3
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(3) 33 LEAH

27 tests} FAT WWOR ALIHF B FrhitFol
a9 24 29l whsh Zol, MAE FF 60U F} T,
BE100506, BE100516, % BE100533 =] 2] 7ol Al A g+
b odehga, el g E AT o Age] 18 maE Rk

3% pot N@AT, 2716l AFEAL 5m Azke] FHAA 4G
FAEA gaHE 4TS nat AEAY F 309 s BFEAE} foHew
Aot 609 F AWANE 097K Avurt mHsh WolAs vehdth webd, FF
AT MEA 309 ool A AFsk A AL L A& S FEALHD

Control BE100501 BE100506

BE100516 BE100533

a9 24, A rhizome " AEA o] o3 HF= &3
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F 19, s g Aol tig SALerE 23

LTS z 3 94 T8 W mad om wME 2o EnE
BE100501 7umebacillus permanentifrigoris ++ — ++ - ++ 4+ - -
BE100506 Bacillus thuringiensis +++  +++ - - - - — _
BE100516 Agrobacterium vitis +++ - - ++ - - - 4+
BE100533 Lysinibacillus fusifornis +++ - - - - Tt — _
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M AdF JAHAANA wo] v HdS £ 7|54 A= AR
2

Aol AMEE ESe Alvts HHA] ASAT AN A EZZA Y ESS AHESAT
EgY AMHE TEAFHS 8 dRs=EE 379 79SS MAAsGon, zZhzte pFods
Al 107d9] BEYS AFATGAY (Fig. 1). EXY olgsty EAS 98 AHAd A8E
121 A& AR&silv. B4 pHe EYdY =5 1562
S 308 FE T pH meterE Al&ste] =AY ECe=

ZEHE ol &3 FAHsIR oM, F71=2 Walkely-Black® ol Fato] 83tk EF

.
iy
2
>
ol
AL
>,
N
-
DO
o B
e
oft
_E
>
=

Ion Selective Analyzers ol&3to] A8ttt FaQA &2 Lancaster™ol £3ke]
UV/Vis spectrophotometerg ©|-&3 43ttt A3 ol (K, Ca, Mg, Na)=> 100 mL
M7 Fepade FHAE L g8 AHete ¥ 1 M NHOAce &9 50 mLE 302 &<t
st dth No. 2 A #A = o] #35 5 ICP-OES=E S48kt

Fig. 1 Soil sampling from Gyehwa area in Saemangeum reclaimed land.
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Foll AH&E 1A A Ege] olststd 54 4 Ade i 1o YEEY pHE 6.2~74%
A A TS YEAY. A7IAdEE (EC)E Site 13 Site 27} zHzl 1349 160202
wf§- Eokomn Site 3% 0512 M e dRFEE BT §7]ELE 013 ~ 027%, B
Y NO3; -N-& 998 ~ 4683 mg kg !, NH;-N<& 252 ~ 412 mg kg !, f#&4S 219 ~ 814
mg kg' 2 EY ARFEI FSFE TPl e S FAT Ak ABA Fol&
E3 K (033 ~ 0.88 mmol L), Ca (0.06 ~ 1.01 mmol L), Mg (0.02 ~ 1.87 mmol LY, Na
(033 ~ 643 mmol L HZ EYIEF=7l =& Site 1, Site 20 Bla] dEF=7F e Site

o
oA @& FE Hole AE skt

Table 1 Chemical properties of experimental soil sampled from Saemangeum reclaimed land.

Ave. Exch. Cations
pH EC OM  NOs-N NH, -N P.O-
Samples 2Us K Ca Mg Na
(1:5) @S m?hH (%) - mg kg' ————-- - mmol L' ————————-
Site 1 6.7 134 0.23 46.83 412 81.4 0.83 1.01 1.87 6.43
Site 2 6.2 16.0 0.27 19.20 2.52 30.3 0.88 0.62 1.20 1.30
Site 3 74 0.51 0.13 9.98 2.74 21.9 0.03 0.06 0.02 0.33

Values in each column are the means of three replications.
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Fig. 2 Germination of maize (A) and sorghum-sudangrass hybrid (B) seeds on three

different saline soils of Saemangeum reclaimed land.
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3. TAA EFAA HIBAM] FE BE HEAFEI AL HEAS FIaH

M
1o
=
o2
EN
A

7F FA T2}

23] gl *}% 5 5 Brevibacterium iodinum RS163} Methylobacterium oryzae

- Brevibacterium iodinum RS16%= Q17 A8liQt - A Ego A 3 S HX
=] Z2RYUE FAEH, IV, aAREHY AEES AN d4AaA
At} (Siddikee et al. 2011). B. iodinum RS16= 5% (~0.85 M)2] NaClg #7}3F tryptic
soy agar (TSA)ujA|o|A wj%3t single colonyES HFH 3ol 25 mlL tryptic soy broth
(TSB) wjA]e] #H=3 % shaking incubatorel” 30T, 150 rpmo = 24 AJ7b&Eor
s FatAch. 72 AHEt W dd B jodinum RS16 wlFe (1 x 10° cfu mL )< thAl 100
mLe] TSB ®jX|ol A5 F3}e] shaking incubatorel 4 30C, 150 rpme. 2 24 A]3FHs<t
ulj &F skl ot

- Methylobacterium oryzae CBMB20= W9 Z7]x22o=z2HyHy ®3 PPFM
(pink—pigmented facultative methylotrophic bacteria) 2.2 W E %<l 2 EAFZZ A&
% 3tvoltt (Madhaivan et al. 2007). M. oryzae CBMB20:= 0.5% sodium succinate®
Z17F8F ammonium mineral salt (AMS) wjX|o| 4] w3t single colonyES | F3Fe] 25
mL AMS broth ®jA|e]l HZ3 % shaking incubatorolA] 30T, 150 rpmoz 72
A 7HEet wiokat Tt 72 A|7FEeh wi¥E M. oryzae CBMB20 ®i¥Fo! (1 x 10° cfu
mL )& Al 100 mLe] AMS broth iAol #15 %&3te] shaking incubatorel Al 30T, 150
rpmO & 72 A|ZbE <k vl skt

. Pot experiment
() AAAF 44 2 TEFY]

ol HFLS AEEE 70%9 100% HIHAIH] FFoll A dFo] JFoAF wet F 4 79
AYT (T1 - AR, T2 - B. jodinum RS16 {3, T3 - M. oryzae CBMB20 H%, T4 -
B. iodinum RS169+ M. oryzae CBMB20 SAHE)E 30¥ H<¢F S35 A=z
Zet2¥ ¥ E (S99 - bottom diameter : 8 cm, height : 195 cm, width : 8 cm;
Fa-auaet2s - width © 155 cm, length : 11 cm, height : 85 cm)ol] Mt 7+2 %) Bk
(Site 3)& 2 kg¥ wol WA XEAFLS FHEUGH FHAESAH
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olH A= 70%9F 100%°] 2 74 HIZAH] FF& Adgste] Adstgint sthae
24 (AL 46%), €3 (A= 20%), 937t (ZESHF 60%)E AFg&sd o,
g AR FSE mgsted $44 (N:P:K = 174:30:69, kg 10 ah<t
Fr-Foagts EF (N:P:K = 200:150:150, kg 10 ahe] EEd z+zk Alnv]a gt}
Hul (AR 60%, 3 20%, F9 20% ) £33 SFEFe FE-uadtas wgEd

kel
N
>
=
off

S st B 1 kg 200 g A A H] 5k T}

t}. Bacterial inoculation

(1) FA%F

. jodinum RS16¢}+ M. oryzae CBMB20 Hjjokol-&

4, B 4C, 10000
MOz 10 7+ dARgse w3Age Al 003 M MgS0, 7H0 g0
1 E} Ak

2 23]
Aetol e WEUL BRNTE SEE FE-suas wgFE
. Jodinum RS16, M. oryzae CBMB20, B. 1odinum RS16 + M. oryzae CBMBZ20
4 NES AEAG FANTE T FEE EHA Fdh AF D
-Faad s ERE F=h)3 ZekaE XEO A EE 47 gEEy

Zyzy o] wj Aol w3t B. jodinum RS169} M. oryzae CBMB20 Bl %ol S- 5 L Fermenter<
o] g3te] wEm g W wgAS 4T, 10000 rpme.E 10 ®3F YAEHIT T
deHe Wi 01 M phosphate buffer solution (PBS)& #7lste] o+ dEHHES
e GAdHFS AL FEE B jodinum RS169F M. oryzae CBMB20 ¥l 20
mLA SAFEFENAL, FAHES B jodinum RS169+ M. oryzae CBMB20 wjFe-S 7h7t

10 mLY 2AdERATt 35S 248 439 5, 95U 240z gEhac

@A FET FEe] FFol 45 Fe-ruags wgE Agel MAe 13

o

H| A ] o W& B jodinum RS169+ M. oryzae CBMB209 FHEFo] 2459

=
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B g AH] = W& B jodinum RS169+ M. oryzae CBMB209 HFo] =4
—raagtre] AEFd WA= gyE sty A FAE FEeA 30Y o

PN
T
=2 gAY FE A=S AGFS AsrE Edsta 70T 244 T
=

—_—

&
D

Sh?
ol

() MEAN FF3} TR HFo] S5 Agel MAE wI )

B. iodinum RS169} M. oryzae CBMB202] FFo] S-49 A
nAE ZaE S0 Ad, 2 7HA M EAM] FF 0 (7T0%92F 100%)00A4 T JFA
TR vlE S5 Aol oA de FUHE Hole S g+ A (Fig.
3). 70% HIEAIR] FFolA FA5 FFA] 15, 25, 309 #F HIA S5 Ao
FAE T vlE fFoA e SUHE Hole As FAE F AJT (Fig. 3A). 53] A&
Z£35%] 309 o|Fo| = M. oryzae CBMB20 @4 HZ A8 T+¢ B. jodinum RS16$} M.
oryzae CBMB20= A HES A FollA S Aol Fxg7tol nls] Z+7 16.8%<k
22.4% A F7FskAt 100% HIRAIR] FEdAM =, A5 S TA 20, 25, 300 HFF
HEA ST Aol FAgF ol val Fo4d de T7HE Hole s & & AU
(Fig. 3B). 53] &A1& 3F3HA] 30Y o|Fo| M= B jodinum RS16, M. oryzae CBMB20
dadH"E At B jodinum RS169F M. oryzae CBMB20S SAHE3 A2 -0l A
S Aol FA g Ttol mlal Zh2h 28.3%, 41.2%, 33.9% ¥ S 7Feksd

MEan gE wE  Sage 4RSS HAd Ad, #FE 4FHA g
RAYTANE MEAN £E B2 4 JE AolE FAF 5 9T (Table 2). 70%
MEsEdA #F AFE EE AGTE 100% MEFENA BFE AFFA 2L
AT wag A, 0% wRFEdd #F 4EA G948 dE F4E Hel: AL

S S =
sdd 5 AT
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nF (A) ®Non-inoculation TRS16 BCBMB20 CCo-inoculation 0 (B) "Non-inoculation “RS16 FSCBMB20 CCo-inoculation
60 60
50 50
L 1]

30 30

Plant height (cm)
Plant height (cm)

20

10DAS 15DAS 20DAS 25DAS 30DAS 10DAS 15DAS 20DAS 25DAS 30DAS
Time (Days after sowing) Time (Days after sowing)

Fig. 3 Effect of B. rodinum RS16 and M. oryzae CBMBZ20 inoculation and co-inoculation on
plant height of maize with 70% (A) and 100% (B) levels of fertilizer amendment. Each value
represents the mean * S.E (n=4). Asterisk shows significant difference in values from the

control, per group by LSD test (P<0.05). “P<0.05, “P <0.001.

Table 2 Comparition of maize plant height in all treatment of 70% fertilizer level with

non-inoculated treatment of 100% fertilizer.

Plant height

Treatments 10 DAS 15 DAS 20 DAS 25 DAS 30 DAS
————————————————————— (em ) ——————————mmmmm
70% Non-inoculation 14.1+0.4a 26.3+0.5a 30.5+1.8a 31.8+1.4a 41.6+2.2a
100% Non-inoculation 12.6£0.9a 28.6%0.7a 34.6+1.4a 36.3+1.5a 41.0+1.3a
70% + B. iodinum RS16 13.0+0.6a 30.6+1.2a 34.8t1.1a 39.0£2.0a 46.8+2.1a
100% Non-inoculation 12.6+0.9a 28.6+0.7a 34.6+1.4a 36.3+1.5a 41.0+1.3b

0% + M. oryzae CBMB20 13.4+1.2a 30.9+0.8a 35.8+1.0a 38.6+1.7a 48.6+1.6a

10026 Non-inoculation 12.6+£0.9a 28.6%0.7a 34.6x1.4a 36.3£1.5a 41.0+1.3b
70% + Co-inoculation 13.6+1.0a 31.0+1.1a 35.1+1.5a 42.8£0.8a 50.9+1.8a
100% Non-inoculation 12.6£0.9a 28.6+0.7b 34.6x1.4a 36.3x1.5b 41.0£1.3b

Each value represents the average of four replicates per treatment + S.E. In the same column, significant

difference according to LSD at P <0.05 levels are indicated by different letter.
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e B

P

o

;Onﬂ
E

A= ol mx

—

[e]
A

A el A7)

t:ﬂ'

=
o

A

KeN
=

oryzae CBMB20

s

<

A8 ¢ B. jodinum RS169} M. oryzae CBMB20S &A1 4

0

o

a3
H

B. iodinum RS16 @Y %

il

—_
o

]

A

[e)
G

FE9)

100% H] = A|H]

94 9= 7t
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o
IT

3l

d 2] -l H]

T
8%

A M. oryzae CBMB20 @< d%3 B. iodinum RS169+ M.

H-oF A
oryzae CBMB20

/\O]—

A]

£ Hol&

A= =71

TR

1] &

< ATl

A g A T

=
A‘jr (Fig. 4B).

A

Kol
=

)

sk = gl (Table 3). 70%
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3}
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A= Aol

A2 T-¢k 100%

?}

h=1 —Z
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Dry weight (g plant-)

L (A)

Root

" Non-inoculation

BECBMB20

ORS16

O Co-inoculation

Shoot

Total plant

Dry weight (g plant-)
(4]

(B) HENon-inoculation

BCBMB20

ORS16

O Co-inoculation

Root

Total plant

Fig. 4 Effect of B. iodinum RS16 and M. oryzae CBMBZ20 inoculation and co-inoculation on

dry biomass of maize with 70% (A) and 100% (B) levels of fertilizer amendment. Each value

represents the mean

+ S.E (n=4). Asterisk shows significant difference in values from the

control, per group by LSD test (P<0.05). “P<0.05, “P <0.001.

Table 3 Comparition of maize dry biomass in all treatment of 70% fertilizer level with
non-inoculated treatment of 100% fertilizer.
Dry weight (g) Total

Treatments

Shoot Root dry weight
70% Non-inoculation 0.48 +0.11a 0.36 + 0.03a 0.83 + 0.10a
100% Non-inoculation 0.74 £ 0.12a 0.38 £ 0.06a 1.12 £ 0.09a
70% + B. iodinum RS16 1.02 £ 0.09a 0.52 + 0.08a 1.54 £ 0.17a
100% Non-inoculation 0.74 £0.12a 0.38 £ 0.06a 1.12 +£ 0.09a
70% + M. oryzae CBMBZ20 0.71 +0.18a 0.74 + 0.06a 1.44 £ 0.18a
100% Non-inoculation 0.74 £ 0.12a 0.38 £ 0.06b 1.12 £ 0.09a
70% + Co-inoculation 1.35£0.12a 0.47 £ 0.08a 1.82 £0.12a
100% Non-inoculation 0.74 £ 0.1Zb 0.38 + 0.06a 1.12 £ 0.09b

Each value represents the average of four replicates per treatment + S.E. In the same column, significant

difference according to LSD at P <0.05 levels are indicated by different letter.
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B S AJH] =59 W& B. jodinum RS169¢ M. oryzae CBMB20% HZEo| o118t

wFe] Ao vA= ZHE A A 2 7EA v BAR] £ (70%92F 100%)00 A 5
HEA FA Tl v Fe-saazts agEo Aol 74 s T Hole AS
g1 5 A} (Fig. 5). 70% HIZAIM] FEolA FAE FF3A 20, 25 0¥l #+5
HEAN Fo-saaes wgdo] Aol FAe ol nls) w4 U= SIS Hole A=
) o [os ]

. 538 A5 9534 30¢ olFAAl= B. jodinum RS16, M.
oryzae CBMB20 @4 & A2+ B. ijodinum RS16%} M. oryzae CBMB20S &4 453k
Aol A Fa-gataebs wFe] Aol FA g ol nls| Z+zF 19.6%, 21.4%, 15.9% A
7 ek th. 100% vl = AIH] FFdAM =, TAE 353X 15, 20, 25, 30¥° M. oryzae
CBMB20 wdH= B iodinum RS16%F M. oryzae CBMB20S SAIHFA
Fr-Faagts wgFe] Aol FA T v FoA e SUHE Hole As gdd
T AT (Fig. 5B). 53] TAE #F3A] 309 o|FA = M. oryzae CBMB20 T &
A ¢ B jodinum RS169¢F M. oryzae CBMB20S SAHZE3 A ol A
For-Fuaets wgFe] Aol T ol vl zhzt 31.1%¢9F 43.8% A F7Fe it

H 2 A $3d 2 F4-Faags agdEze] AFS s Ay, 755 HESXA

J
[-‘0
el >,
_l
%9,
%

c 8
9
S
w
E

ol

i

e FEAgFol e BHEAH o E FoA e ZolE Fddd 4 glArt (Table
4). 710% Hlg5FTodA o7 JHFE AT A7 100% vla5asoA #75 FEF3A
e AFF+E Hud A3 70% HlEFTAA T HIA YA dE TUFE Hole
AE A & Ak
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50 (a) ®"Non-inoculation “RS16 BCBMB20 CCo-inoculation 50 (B) "Non-i i ORS16 = OCo-inoculation
40 40
30

30

20

Plantheight (cm)
Plant height (cm)

10 10

10DAS 15DAS 20DAS 25DAS 30DAS 10DAS 15DAS 20DAS 25DAS 30DAS

Time (Days after sow) Time (Days afer sow)
Fig. 5 Effect of B. iodinum RS16 and M. oryzae CBMBZ20 inoculation and co-inoculation on
plant height of sorghum-sudangrass hybrid with 70% (A) and 100% (B) levels of fertilizer
amendment. Each value represents the mean * S.E (n=4). Asterisk shows significant

difference in values from the control, per group by LSD test (P <0.05). “P<0.05, **P<0.001.

Table 4 Comparition of sorghum-sudangrass hybrid plant height in all treatment of 70%

fertilizer level with non-inoculated treatment of 100% fertilizer.

Plant height

Treatments 10 DAS 15 DAS 20 DAS 25 DAS 30 DAS
————————————————————— (em ) ===
70% Non-inoculation 10.6+0.5a 17.4+1.0a 19.5+1.4a 21.1+1.0a 27.1%1.4a
100% Non-inoculation 9.5+0.7a 16.6+0.6a 22.3£0.2a 22.6%0.7a 25.1%1.5a
70% + B. iodinum RS16 11.5+0.2a 18.8+0.6a 24.9+0.8a 26.8+1.3a 32.4%1.0a
100% Non-inoculation 9.5+0.7b 16.6+0.6b 22.3+0.2b 22.6+0.7a 25.1+1.5b

0% + M. oryzae CBMBZ20 10.9+0.4a 19.8+0.5a 26.5£0.5a 27.6+0.6a 32.9%1.1a

10026 Non-inoculation 9.5+0.7a 16.6+£0.6b 22.3£0.2b 22.6£0.7b 25.1£1.5b
70% + Co-inoculation 12.6+0.6a 19.9+1.5a 26.3£0.6a 28.1£0.4a 31.4+1.2a
100% Non-inoculation 9.5+0.7b 16.6£0.6a 22.3+£0.2b 22.6x0.7b 25.1+1.5b

Each value represents the average of four replicates per treatment + S.E. In the same column, significant

difference according to LSD at P <0.05 levels are indicated by different letter.
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(2) HIZAIR] FE w70 JFo] Fe-Foagts ugge] el vA= 23 g4l

Hl g AH] =50 W2 B. jodinum RS163} M. oryzae CBMB202] HFo] F4-Fhaglx

WFEo AETL e FHE s Az 2 7 Bl EAIR] F£F (70%9 100%) ) A
T HEA FA Tl e -k wgFe] Ashy, AR, AA =Tl

Hol= RS AT & AAT (Fig. 6). 70% M FEAH] Gl A]
B. iodinum RS169} M. oryzae CBMB20S &A% &3

= BAYg. AAE AA AEFES B jodinum RS16, M.

oryzae CBMB20 ©+d H % el +2} B. jodinum RS16$} M. oryzae CBMB20S 5] 3 %3
S HYT (Fig. 6A). 100% HIZAH] o] A5, Ak

AEFT2 M. oryzae CBMB20 YA FA FAlg] 7l vls]l 94 e T7HE Hole RS
sheled 4= dltt (Fig. 6B). A= M. oryzae CBMB20 @9 H %3 B. jodinum RS169}¢
M. oryzae CBMB20= &A1HE A FolA th2 Aol vls] F94 Jd& S7HE Hole
= g9 F o dRew, AA dE2F A EE AgTolA FA T Hl& oA
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0.5 (A) ENon-inoculation ORS16 0.5 (B) mNon-inoculation DRS16
—_'_- ECBMB20 OCo-inoculation - BCBMB20 O Co-inoculation
= 04 = 04
o ®
a -
2 o3 2 o3
% E
+ o
o o0z2f e .o @ 0.2 .
H H]
= z
(=] 0.1} =] 0.1
1] []
Root Shoot Total plant Root Shoot Total plant

Fig. 6 Effect of B. iodinum RS16 and M. oryzae CBMBZ20 inoculation and co-inoculation on
dry biomass of sorghum-sudangrass hybrid with 70% (A) and 100% (B) levels of fertilizer
amendment. Each value represents the mean +* S.E (n=4). Asterisk shows significant

difference in values from the control, per group by LSD test (P <0.05). “P<0.05, ““P <0.001.

Table 5 Comparition of sorghum-sudangrass hybrid dry biomass in all treatment of 70% fertilizer

level with non-inoculated treatment of 100% fertilizer.

Dry weight (g) Total

Treatments

Shoot Root dry weight
70% Non-inoculation 0.11+0.01a 0.08+0.01a 0.19+0.01a
100% Non-inoculation 0.11+0.01a 0.08+0.01a 0.19+0.01a
70% + B. iodinum RS16 0.17+0.02a 0.11+0.01a 0.28+0.01a
100% Non-inoculation 0.11+0.01b 0.08+0.01b 0.19+0.01b
70% + M. oryzae CBMB20 0.16+0.01a 0.11£0.01a 0.27+0.01a
100% Non-inoculation 0.11+£0.01b 0.08+0.01b 0.19+0.01b
70% + Co-inoculation 0.16+0.01a 0.15+0.01a 0.31+0.01a
100% Non-inoculation 0.11+0.01b 0.08+0.01b 0.19+0.01b

Each value represents the average of four replicates per treatment + S.E. In the same column, significant

difference according to LSD at P<0.05 levels are indicated by different letter.
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