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ABSTRACT

This study was conducted to clarify the effects of various rhizobacteria in the root zone
in terms of Azospirillum sp., Rhodopseudomonas sp., Pseudomonas sp., fusant of Bacillus
sp. and Corynebacterium ghdamicum on the growth of hydroponically grown cucumber
plants. Densities in bacterial cells of fusant of Bacillus sp. and Corynebacterium
glutamicum at different substrates were in the order of cocopeat > rockwool > nutrient
solutions at 4 days after bacterialization. Plant growth promoting effects of the various
rhizobacteria on the growth of hydroponically grown cucumber plants were in the order of
Azospirillum sp. > Rhodopseudomonas sp. = fusant of Bacillus sp. and Corynebacterium
ghutamicuom > Psewdomonas sp. ) control,
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2, TEvEe FAA 7HE € $18 e 343 e olio] AAddd st
2 oEEg H2 glen, olF FEIY) A% FAH BAAE Z Auriee) sde] oy
oltk. ol HES FAAME ETFF AHLAE FAFII HL gz ALdvs
Hol A AEdes T 2FE LANES A, AT FAANE ol&F wiede] #F
GA], dde] AP AR 2M I K718 FUFALEY HIHA o8 2 wiA g
AN FArst, AR FEUIAET HHL o]8F IS WA R NERFE 29
ol gge] B8E T i A&HY o8 Tl VY M= ZiEAEo] oW dAon
(Mishustin® Naumova, 1962 ; Nah et al., 1997). ol&{& ZHlA FEUIHES oo},
5 FASES FdAulel HFHeg =9 9 F&ate A7t s a7HT IA, ¢
et M e opAztA] ole] BE A7t A9 AFE ARt Van Peerst Schippers, 1989 ;
Cho et al., 1998).

FAANe) ZHANAM F& vIBEY o] &L B Jidd uis) HdAsor & EASL oA Feol
Avk. FdAuls EFE tiAME F714 13 R wjayeAeN FrIYES J¥de
B3t ZES Addte HAol7] WA R71EE F YFULE Hobte A AA
Agof vl B2 @73 oItHBrown, 1974 ; Barber®t Lynch, 1977 ; Kriegst Holt, 1984).
Al 2ol PAstn glE 8 S % MUY nASELS oYY FIAH ZHEBAAA

Ertohe} HelEu|Boly 4, Belzy T R71ES UYL o83 &3
5 AtHLynch, 1982; Cho et al, 1997). 2222 FAA el FEulPE] 0|8 FFa
gdglttotyst A&, ZAUMAE F FFY Il EFA BHAY FollM o
T3t Zgaior & "aAdo] dcHLynch, 1982 ; Cho et al., 1997).
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Table 1. Chemical composition of the balanced nutrient solution formulated by Japanese Horticulture
Experiment Station.

Substance Chemical formula Concentration(g/1,000L)
Potassium nitrate

) . KNO; 810
. MgSQO4- TH:0 500
Ammonium
dihydrogenphosphate NH:HzPO4 155
Iron EDTA [CH2N(CH2COO):]JFeNa 20
Boric acid H3BOs 3
Maganese chloride MnCl-4H0 2
Zinc sulfate ZnS04-H0 022
Copper sulfate CuSQ4-TH:0 0.05
Ammonium molybdate (NH,)2MoOs 0.02

Preservation of rhizobacterial isolates (adding glycerol 10%) in microcentrifuge at 68T
Activation of rhizobacteria on stlid medium for 3 times at 35T
Activation of rhlzobaitena in cultural broth
(in 5mL for three times and in 50mL for three times at 357)
Cell mass production if thizobacteria at 35
Cell harvest and resuspendl into 0.85% saline solution
Bacterialization of rhiztbacteria into root zone

Fig. 1. Bacterialization of plant growth promoting rhizobacteria into the root zone of hydroponically grown
cucumber plants.

Aujrade dEATH ZIVNERE AHEstgct. dEAL L H0enxW 0emxH 6.5cmel
ol &atH(grodan it)E 2EIZE A¥us(AZIng @) fd ¥31 FHTFIAAUG. 229
EZAL L 100enXW 30cnxH 6.5cmel 2IvE &etu(FEF Cocovita, BAE)E 2EH2F
Ay =(M712Y jit) slol ¥ FHEFIA.

FAFFL golnlg Syols WH F& o]g3td 1.5L/4E A 10AFH &% 6417t
A ddaog BFgon, oktF AL 13 AN, eole YAFEY} ZIVEF Y
£ TEo) o]y Qoo My} AWOE F¥3) WolugE o U ZAVE S 4
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a5 Azospirilhum sp., Pseudomonas sp., Rhodopseudomonas sp.(©)3t BT £
photosynthetic bacteriag} I #), ¥ Cho 5 (1998)°l /W& Bacillus sp.2t Corynebacterium
ghaamicum ATCC 130582e] &EAF(ol3l fusant F= §FFFe} AW F¢ FTA8a
(Cho et al., 1998). Z5& WiY3 wgdL 2,000pm(BT)22 1587 NI ¥, 0.85%
Al ESRE A% F FAA 2ol Mlsd. #F9 S2AAYE FAE 3FH SELE
W EAHe AR SepEe] 42 13 AAHAH2E 1), ¢d e dle] dFugds
A2 A S92 glucose 0.01%E FA7 7 FFch Ao wE Y{2Ae 2
%, 37, 4, 9493, d7 Ao ANF 2 AEF T AAF 609l AN, gune
Delta-T area meter (CB 3535, OEJ, U.K.)& =43¢z, HEFL 0T dry ovenolA 48
At AE AZAINF A

. &5 o) 2%
1. BRI 2FQ Yot

FNFFFAA WBH R F¥/TF(Bacillus sp. &t Corynebacterium glatamicum ATCC
1305849 §aF)E Ao R WY =Ba, AT IV EA BN FF TEA
& AU ELE A A= (a¥ D9 Eh

2019 YA ujol A AL ZHAATFFTANA §HTFE Aoz widd B3 2 4y
2RYES & FFE HF F FF9 dxWE AT A FAddAYAM e 2F
AYE 499 FF Ayt BAF A 2S¢ F AW, £Y, IIVEAMY FF
Leuiste e Zog AUeA AP od, dHAME MHF 4Yo A3 Za.
Z @ wiA7l vAEY Ao ¥4I f7IEBol At ZIVEARRTE U2 1Y
AR 248 GHAHNM 739 Ago] BFsted AT @Ax/AAY T FFY dULe
TEIoEN 8779 AL Bole o] ¥ad Aoz HZEAKBrown, 1974). £,
Az E A3 §7182 B@4/2498 THIHER 8759 A% 4 4958 YA
FA8H, AEA R FF7F FRHE AL FFE A2 AHE Flsn HYHD
A HaFe AZL AAse T YAl FRUAEY 8L gole A7 O Bl 7
gelojol & WoAo) e AR A,
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Fig. 2. Changes in the microbial growth of fusant of Bacillus sp. and Corynebacterium glutamicum ATCC
13058 in the nutrient solution, and the root zone of rockwool and cocopeat culture.
(W : 0 DAB?, [7: 2 DAB, [J: 4 DAB)
“Days after bacterialization
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Table 2. Growth characteristics of hydroponically grown cucumber plants as affected by the bacterialization of
the various rhizobacteria into the root zone in rockwool culture.
Data were obtained at 60 days after transplanting.

Characters | Plant ht. Stem dia. No. of Leaf area Fresh wt.(g/plant) Dry wt.(g/plant)
Strains® (cm) (mm) leaves (cm®) Leaf Stem Leaf  Stem
Control 16756 116 158 35027b  1854b 9670 14.9b 79
Azospirillum sp. 186.7a 124 16,1 43594a 2067a 1104a 17.0a 89
Rhodopseudomonas sp.| 190.1a 12.6 162 42940a 20382 1098a 16.7a 87
Pseudomonas sp. 170.4b 117 159 38709%ab 1927ab 984b 152b 8.0
Fusants” 180.9ab 121 160 4,1046a 1964ab 104.7a 162ab 82

“Mean separation within columns by Duncan’s multiple range test at 5% level

¥ Bacterialization of Azospirillum sp., Rhodopseudomonas sp., Pseudomonas sp. and fusant into root zone
were 65%10 cells/g, 89%10° cells/g, 9.0%10° cells/g and 29X10° cells/g, respectively

* Fusant of Bacillus sp. JY103R and Corynebacterium glutamicurn ATCC 13058 K
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Moz Azospirillum sp., FREALE, §HTT 59 FGYE A3 HFgol 49
Qo0je] AAo] iz vld] FA=HULH, Pseudomonas sp.o] ZAH A e 2Tl v
3 Aol o FAHIE SAAT FAH FYaks Bl gtk G MRS By
Azospirillum sp. > ZRAAT = §}FF > Pseudomonas sp. Y WZRT 59 £22 g
won, 4y, 44 A AT 2 AEF FTE o9 HAM AL BT, 53], FEA
Ao Hog I BE B Azospinlhem sp., FRAAT 2 §FIFF 5& AgAld
4,104.6~4,359.3cr AE=2A 2T 3,502.7cwell visf <F 601.9-856.6cr B = Z7Hs Ao
2 Jehd, FFAed 4 2719 g2 Uy e dHAY eo]9 Fri4d 2
HARZANE £& %€ 2 5 AL AoE JZrEUTh

GAAfuiol A FFHeel T AEAFZARTAE B, Azospirillum sp. = A4nAT
HAEAL Pddd d# F7AE R I BEHA o] &(Morgenstem# Okon, 1987 ;
Chos} Chung, 1998), B¥AATL FUYAHED 4 I He8HEH A4HNah et al.,
1997), Bacillus sp.9} Pseudomonas sp.< siderophores 52 X3t A7A dlz 2 Ag
g4E839 A HMishustin® Naumova, 1962 ; Brown, 1974 ; Lynch, 1982 ; Schippers et
al., 1987) 5ol AE2AFE7 BAd= A2 Bus3 glch, Van Peer®} Schippers(1989)
T EnE, 0], AF ¥ A T ddAmiA AEYFEFI Zd0AE(plant growth
promoting rhizobacteria ; PGPR)Z2AM 439 Pseudomonas sp. & #2l3le A|4R e} sy
o] AAFS F7HAE = UNeH, THAA FFH Y3 FHuAEY] WG} AE
AAZAF g AAPL o Jux Bastach 2y, B Ade AS Pseudomonas
sp.o Al o3 AEAGEZAEANE O @5 v A3 wgked, ol FF} 2E
a3y Bdolyel #F9 A EE BEsty AHIs] £ dado v Aoz AT
(Brown, 1974 ; Cho%} Chung, 1998).

3, adFAed mE eolo] AFNFLE A5 HHFEY T 4o FAHE =3
#}739 Aold] wEME & Uehd Ao2 AZ4HY, ¢oz dF9 ¥4 JusE F e
238739 Aade nsn, AEHAEI FAHE FFY HAVHEAE FASA 7
FEojol & ool e Aoz YAHUHBarberst Lynch, 1977 ; Cho et al., 1998).

3. IFMEA 2019 MRy

F7184 ZYAQYL ZINEH FF9 ATFE SAAYsta, 2018 Awist] FAF
604l FAE dae <E DI 2o

¢Fo Ffe BE ZIAVER 2019 AP ele GEH 2019 A9 HKF F¥E BN
o, 2Tl ulsl Azospirillum sp., FHAAATE L §R/EF T2 2019 AFE FIG 9
W, Pseudomonas sp.£ ARAEAEA7T i ANou FAH FoRke HolA| ¥UH
Glucose 1%E 78 FAE TF3 YBH o2 A Qoo wigi ZIAHEHE u)
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3k Qoo Aol HWHHoR o] FL& og YRR 2, 3). olAL wixe] £Fo) wE
G dele zojutie YA HH ZIYEANA AEAZZY IAuYEo] S
M 88 84 2 8-S Ul F2 2E84E 243 & A2 AA4EHJAG. F, FAA
ol HEE F7144 qFdas FULE JFELB o83 AP W, ZHEAMTF
T YYHLE f714 ©2UF F29E GFULE o3I HO) T vFYLE o] 83
of A7) WEd 2P FFH wE FF Aol st g Al &
71HRE Aoz A= e Barberst Lynch, 1977 ; Lynch, 1982 ; Krieg$h Holt, 1984).

Table 3. Growth characteristics of hydroponically grown cucumber plants as affected by the badlerialization of
the various rhizobacteria into the root zone in the cocopeat culture. Data were obtained at 60 days

after transplanting.

Characters | Plant ht. Stem dia. No. of Leaf area Fresh wt.(g/plant) Dry wt.(g/plant)
Strains” {cm) (mm) leaves (cmD) Leaf Stem Leaf  Stem
Control 2231p° 121 185 5870b 22%6a 1371b 182b 92
Azospirillum sp. 250.7a 12.8 190 6,2104a 241.1a 1467a 21.9a 9.3
Rhodopseudomonas sp. 258 4a 127 189 6,267.0a 2398a 1470a 2l.4a 9.3
Pseudomonas sp. 230.0b 12.2 183 5981.7b 2294b 1384b 190b 91
Fusants” 246.1a 125 184 6,1379a 236.1ab 1440a 201b 9.2

“Mean separation within columns by Duncan’s multiple range test at 5% level

¥ Bacterialization of Azospirillum sp., Rhodopseudomonas sp., Pseudomonas sp. and fusant into root zone
were 65x10 cells/g, 89X10° cells/g, 9.0x10° cells/g and 2.9%10° cells/g, respectively

* Fusant of Bacillus sp. JY103R and Corynebacterium glutamicum ATCC 13058 K

Cho (19972 YA & o] 83 FAAujA] SAUBELS ESAu} v H3l] B3}
Ak, FAAulel ZHAE vl ZATAEo] EAdY K8 MEFE FAAuolA o] &3}
B ZAol Jbedtin RudtQth. FAAQulE= ESAuel vl HA3] Fou tere] Z@D|AY
2o) JAsT glow, WAAFAN Fe&, $A T3 2L F71EY #Fo] B n¥YuiNY
42 ZHNAEY UEst o %Y Aoz susgt, gz guAoh HelolEAw
2ol 714 nyuixle] AEAZEZ ZHUAE(PCPR)E o288 e ddAw =)
YR f714 S@A/FAEE FFHAY, BBHEolY B F5& o8 E& Helet FA
A BAE Ze FE8FFY /o] sty A AKSchippers et al., 1987). zeiu,
2018 AVAMIY A HEN EE PiTHo ¥ TFE ol43d uPuixE ¥
o] BsstAdo] EFEA HE = Ut APHel FF SANEE Ro} T e
A4 HYTY 43S JASn Beje FFE o84S WIATIE FFY Adel o Hs
g Reg AZ+E i Mishustin® Naumova, 1962 ; Brown, 1974).
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V. =

FFo cdATe] YA oje] Aol wAe FFE FHIAT] A Azospirillum sp.,
Rhodopseudomonas sp., Pseudomonas sp., Bacillus sp.9t Corynebacterium glutanicum?t2)
FHEF T SUAUINA. FHEFT VAR 499 AT Ux=WsE BH FAVE )
g > wjgd Fo] ¢o JERgT @59 SHAY e 2ol AFEZNave JdHART
FIWNEANA o o, a3 FHE 2ol9 AAEZAENE B Azospirillum sp. > %
AT = §FEFF > Preudomonas sp. > NZT 59 £o2 Yehdtl,

Fo0) . Azospirillum sp., Rhodopseudomonas sp., Pseudomonas sp., §30dF
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