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Identification of effective microorganisms to
improve the root activity for high quality
fruit-vegetable, and development of the proper
substrates and technigues for commercialization

2004. 8.

A 712
Agd g w

h:E.II:: E-H)é.!

T

0001413
e g n



fite)

W
ZO
il
ol
Ho

o FAANE

=
R iB

gl

Bl

HuMe Asdy

=
[}

SEMEFEIE

iy

Q]
=

4 19

8

2004

=

ol

0
X

\.mo
9
g

)
Nk

Mo

i+
G

T

7A
TR

o]

1 A

&

9



L Al %

K

ol

&3} 71+ A

I A7

= ool 3

A 57kl A

jurt

ELER S EER
wejo] e A

ol
ol

ho2el

3|

AZ)ol o] gt

g, wpa woj7le] 7

o

A

T

=0

o]l &
oo

sink load=®

}
e A ob Fi

3]
A

-
a

3}
ol

A A oAHE, 2 A" Ao A7

9] sink/source FHAE %3

il

BN

FAGT AAAGFe] dgo]l AMA A9 FAHroot death),

F} (fruit abortion)”}

gasel

[e;

®r

al
=

il
-

BN
B

Hob a7k dojud o &

tol el s

A(EE,‘

=13
=

2

o

Aol e,

ol

7 =

s

ol Al A

o
=

A

o},

AN717) $1ste] o] &

z‘gt

—o
o =

| FRbE o glnh 21 fell 5]

9] = ol A



et s wul A FelAuol P B ol §@ A7t A9l glof A%
A A AESE S A Egel AR Agelth felbatel AR A
of ZE EAV YRS Al RPHOR o gstet AR A¥ AYH W Qo
g, fEe] 4208 ERHon fRat HevidEe B R sEndE
o %54 gAY olEe AWl v gel, YA B B ATE okgz
A R AAE G AR ek

ABAA Aol AFHo A ke FEED AL ol FolAu] 2 B

Fuj Qo] AL 4 9= s

A

87, 249, A& 5 A ¢ d
2 nessl @ golth webd VAR A8 FAAN %S Frtel niFonA
ko)

LN [e}
Faiaulel setdsole AAE AN ¢ A
2 %

L mAE EFAMSIONE 05~1% vE= 0], A&z 139 g Aujo] AL&
i z=ell v sk 2026072 *3%17‘1 Z2IE A

2. 132 AdE nAAES 16s r-DNA sequence®t BIOLOG SYSTEME o] -&3}<]
FA4% A3 PseudomonsaZ: ¥} Bacillus% & ¥ 7H4] T/F=2 UEyow, CPS
= pseudomonas? D2% Saccharomyces 4°.% 14 E]ME}.

3. AR 754 PA=E(CPS, D2)= 45435 Fsto] 2HE9 AsSs SAATH

4. MABEEFAMSIODZS-E #e2d d5Fu #5598 2F o= Foajulo] At

- CPS¢ D2vtE0°] oy ol st Hd A 3 35 wHion,

AdeE F A ES Y A A AFETFS S AIARE T

5, B4 W A AujA] CPS¢F D2 #F9 % FAE $5to] alginate beadE ©]&

DY

3l housing system< 7| 23F



[e]
=

bol A 4

=83

I} APBG S A mixlite v A 2}

KeX
=

=]
=

A 4

L
.

el

N

|

o

3+
o}

KeX
=

-

9. FAAM <ol A& A Fd B FEFel D27 A EdE yERd

B

o

or
o

el

Ko

10. CPS$} D29

ojp

housing system

s

11. CPSY D2 T#F =4 o

sttt

& A%

ol

&

o

AAA

=

i
H

0

o

A

H'-ATPase

12. 7154 dF%

B
Jri
o
‘mo
Ko

Nlo

o
)

</

X

o
o))

ool

~ATPase 4= =7}

¥ H

Fol 9]

iy

)

<

)
=

ol & shAlFel FAAMA 2

=
=

FA(MS101)

;5_‘_‘6

7h mAE

2l

X
0

Ho
"
~
o

el

il
o

T
N
ﬁo
2

Njo

i

housing 4|

§l_

% 9

29 WA

4r



pul

& W o)

ol W sh MBS o] §

A 34 7

oo

R

HH
T

v},

of o

J& SFAZSTH 7]

<

Ba

)

T
i
"
Tor

BRE

1

=

] 4

}

ko]
o

NAEEGAZTH £

L},
2. 7%

L

housing system

?:5}

_ﬂ

5 [e]
A3t T8

1

A

A

M

sl

ol
o

A
ax

A g4 vl &

O]
pad

3. #FEe] AE o

xr
g

= W3t

H'-ATPase &4

= O

=
e

o mAE Al o

A

T

ko]
Rl

o]
~ATPase 84 %= =7}

systemol|

t}. Housing

T
R
o
o

pud

3t H

eh. m A=l 9



148

gk m

oh .olo] AL Wy o

iz
Jjo

zel

)A
B

4. 714 Housing system(bead) 2.2 8] 25 9]

05~1% TE= ALE

FA=

=

o

I

0

Jlo

<
_& I

[e]
=

¢

F3ho]

vl 9% (closed system)<

A

el

%]

9] CPS$} Sacharomyces

B
=

3] Pseudomonas

E
=

ATt

S

N5 2

0
o
o
oh
®

=
jod

N

= &

& EFA el =73 A uj ol

=
=

Liaeh

&t

_ﬂ

71

1o
Mo
Ho

o
H

EREE IR

M-

housing 71H <& °]&

o) FAAMNA A

=
s

2

7}

FAe A A%

= A3

=
=

P. sp. CPS7} 7v%

KN
=

o 4%

A

]



AdE Posp. CPSeF S, sp. D29 <714k =31 AA ko] A2AHd we 4
AAA] 7B H o7 Frojop 3t wx| 9} FAe] FH H FoAFmol #3 A
S Y3 A wiA = F - FUA7E E3E mixlite’t A AR 2ole] A

7V Fdkom, A TR s 3 PBGEA O ZF< 1X (EC 2.0dS/m,
2

o
My

Qo9 EntES FA A8 allelopathy®= 2 ¢l phenolic compoundZ #4
I Al zro] ZAupghel] whet dHme] dhEFo]l FUFSESTh Qo] W EntEE AL A)w|
n Ay E P,

=
e

—_

W2 & AJALEE RS o] ASHE phenolic compoundE 7 7HA1 7] 7] 9] @
sp. 'CPS’¢} S, sp. D29 &35 dold iz A3 Ay CPSe D2 g+ 2% A
AREHRA] A gl Tgrell vlsl #HEme] 3hEke] FrAshE AR YEY

ok AQujzAstel A MEE Poosp. CPS9F

S.
o 48 g8 2 cole] AFAEAY Bakel olF MR T

B Ele D2 Bl= A poA g a8 A

o2 fFAHNeH, CPS Hl= A F7F 1 th5ol 3l

a9d 2 2oz A nAEZFT CPSe D2+ v Aol vl AE4S
S 8o EH3AY. °o]E59 root activity®t ion-conductivity &EIE FA}SH
Ay 29 AUl E EUR A Afe] FH= ALR AtndEn. CPSet
D29] & AS Fxlo] 24 AR AE AlFdny o|9A 25 A3E FPst=A
ZAER T Ak o 2 PGP(plant-growth-promoting) 715 < ol2] 7}FA] @.2¢le] ¢
3 detue Aom dejA oy CPSe D29 A5 nAEEo] A& s 48s

o] phytohormone TAAE AAFstoz A 2ZE9] A&HS THIAI= HAoZAE T
A9 A3 TAAS AFAQD Tryptophans 2F-olA &5 53
FEel B ¢l TAAE wEsislen, nAEe]l 2EY L AHA TAAE Aitst
Atk ol Ediz A" d¥ES Fotol CPSe D2 EY W

AE A shol HEA ReAZRE Tip ol 1 3ol FILES FFwol AUAE

ol A rootoll colony



tol EoFolvt FehAuf Al uj

)

[€)

o]ﬁ_

o

o]t}. Housing system<

o=
==

F31 A& Al bacterial IAAE T+

°

el s A vA

3]
)

T O® £ O - -l - A~ - N A - - W B B
ﬂi urEC%lZT%@_ — #. % _ W .§ W o
_ TH X T omoy e Moy 3T % 5o o
Y TEw.flewdsm L 8 o
) N Ml ) S = . W < mm E O 9 - il il
e F S w 2w o X oo E 2y I oo K
= VR R ow 2P E QR g -
we M EwTeErewcsEZSF 0C X
— 7 o = T X =y xR oo X 2 o
< 3 fo P R = I~ N =
i - ¥ ol R S o= N5 ER S o
L R I S R ST IR I - i
& o ool m oo o R BT R i
0 © i~ MVME ) o TH Nfo o A o ol o h o < A:.., WW k2
5 T o E o o o T oo I i
& T L E b g g EEI 0B 8 =
oy e woBE P g XT L A ~ - ~
< M# M 1& = A,n Nood ol o w i _M =y i Mm
= &_ W T M a T M ol A NI o Lo = ofn K
T e el o o N o e
il B — N - X 0 9 B = X o No = -
o m_ T O N = R N froB T NOR wm e
wow P W E e ® oy Bog o
dy o do AL R R (O I DR I = T - = @
_ ~ N @) O# o X ~J X _
s ol ool @y X o W x B A X = T
W m T o ow N i SR S R o
L3 FELTslezzizioaiile %R
Y BB o S - e BN I B < X
R MWWO O z_oﬂmﬁ%ﬂ%wr.%mo B
T ® K T AT Ry oy 3w E g dE Ty
= e BER omx gL Te g T PR
wE AL FPodd 2w el T WA RT B Ay
P Mg twmlsTow g PO ,FTE T Ew
e ARG ) o I _omo® b oo x0T I
T g ® oo B ENETE G F oy XM RE S e T
S Jo of SN R T B I s CUES
= oo o . g 70 ey 5 A N
T S A S T T L T T
X R o R S FE R SO TS oMo R N oy

of 5ol hS el Agolth wetA w

=]

F7] ot

)

}of oF

A v el o

=z

=

[¢)

—

L

L

&t

S

2t e}

o

o
sE7IE &



k)
Hin
sl

AT R 7

A A A 2l

Els

MAES ol &

=

o]
PR

=2 2~
= T

]

252 o

"

o

7] e = AL

-
e

o
A

o
!

o

)

@_

o

B

-
finl

[

1=

&

o E
-

ool we} $-elubebE =R ohe AH AN 3

10
Pseudomonas sp. CPS®} Saccharromyces sp. D2 2%

fu

Els

3
war gl

=

=
=
/‘Kjtﬂ—

q

g

=

1719

A ol A

=

AR
vls #9717

A, @A g Azl it vAEAAe] AT

|

h=]

=

Ay

=

Aol A 72
j

L

o]}
Fol itk whebA, o

=13
=

< 7

ST
™

Al

=

h=i

d2 Hol= 1Ay
sF v A

=

N

]

}

kel
o

A
@ ol

L
.

B

S

H e

i)
o
me

=
o
o)

ol

el 4 A

7K



SUMMARY

Most farmers have adapted an agricultural system using a hydrophonical of
ferti-irrigation method in vinyl house to protect the most fruit-vegetables from
disease and environmental stresses. Troubles in hydrophonical cultivation cause a
decrease in root activity due to change root zonal temperature, senescence of
roots and leaves under a fruiting—-forming point, rare new leaf formation due to
sink load during fruit-growing period, and insufficient photosynthesis. Plants
generally sustain sink/source relationship for the metabolites, and keep the
balance between vegetative growth and reproductive growth. Therefore plants can
produce fruits in harmony with the growth. On the other hands, the unbalanced
vegetative-reproductive growth in plants causes root death, fruit abortion, and
finally affect quality and quantity of the fruits. In case of sub-tropical plants like
a cucumber, balance between vegetative and reproductive growth is not kept well
during a culture period, and this unbalance caused the limited leaf growth,
decrease of the root activity, and competition for the metabolites between fruits
and other tissues. These unfavorable phenomena are known to be directly related
with coarse and less amount of fruits. In order to improve the -cultivate
techniques for a sub-tropical vegetables, most important thing will be the
reinforcement of the roots’ physiological activities.

Plant cultivation techniques utilizing the microorganisms are well developed and
industrialized in foreign countries, but the hydrophonical culture or ferti-irrigation
techniques utilizing microorganisms have been rarely developed in Korea.
Therefore, it is necessary to identify the native functional and suitable
microorganisms in environmental conditions of Korea, to investigate their
functions in promoting plant growth and development, and finally to industrialize
these microorganisms for farmers.

The objectives of this research are to identify the growth promoting
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microorganisms for the cucumber and musk-melon cultivation from the
microorganisms mixture (MS101), and to investigate their physiological functions
in root development. The final goals of this research is the establishment of a
hydrophonic culture system for a sub-tropical plants like a cucumber and

musk-melon utilizing the plant growth promoting microorganisms to improve.

1. Effects of MS101 which is the mixture of indigenous microorganisms on the

growth promotion of hydroponically grown fruit vegetables.

1) Effect of MS101 on the growth of cucumber seedlings

This study was conducted to know the effect of MS101 on the growth of
cucumber seedlings. Cucumber seedlings were dipped in the 0.5% MS101 solution.
At 48 hours after treating, growth characteristics such as leaf area, shoot and
root fresh weight were better in the plot of 0.5% MSI101 than those of control.
Judging from promoting root growth, it was considered that MS101 mixture of
microorganisms could strengthen the root growth of cucumber and melon plants.
Effects of concentrations(0, 0.05, 0.1, 0.5, 1, 3, 6 and 9%) of MS101 solution
supplemented into nutrient solution in deep flow technique(DFT) were
investigated. Optimum concentration of MS101 solution supplemented into nutrient
solution for the growth promotion was determined as 0.5%. Concentrations over
196 MS101 solution resulted in harmful effects. Both shoot and root growth were

markedly stimulated by the treatment of MS101 solution.

2) Effect of MS101 on the growth and fruit quality of muskmelon plants grown

in rockwool

This study was aimed to investigate the effect of MS101 on the feasibility of
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utilization to muskmelon grown in rockwool. A solution of 0.5% MS101 was
supplemented into nutrient solution and applied for 21 days after pollination using
drip irrigation system. Growth characteristics in terms of plant height, leaf area
and fresh weight of each organ were best on the plots of MS101 treatment. Leaf
area at 20 days after pollination was 1.82 m” per plant in the plot of MS101
treatment and 1.40 m? per plant in the control plot. Leaf weight was 1,008g per
plant in the plot of MSI101 treatment but 716g per plant in control plots. Fruit
weight did not differ significantly between MS101 treated and control plots,
Soluble solid content was slightly higher in the treated plots of MS101 compared
to the control plots. Also physiological root death was not occurred in MS101
treatment. These results demonstrated that MS101 treatment into nutrient solution
contributed to increment of root mass of muskmelon grown in rockwool.
Consequently, possibility of high yield and better fruit quality were shown due to

the balancing between vigorous shoot and root growth.

2. Determining optimal concentration of effective microorganisms promoting plant
growth

This study was conducted to select effective microorganisms promoting plant
growth, especially root growth from MS101 and to investigate the optimal

concentration of microorganisms used on the plant growth.

1) Selection of Pseudomonas sp. CPS
To select effective microorganisms promoting plant growth, especially root
growth, ten pseudomonas sp. were isolated from MSI101. Each microorganism
cultured in LB broth was diluted with 0, 1.0, 0.5, 1.0, 1.5 and 2.0 % and drenched
to pot filled with perltie and cocopeat after transplanting, respectively.
Generally, the growth of cucmber plants was better in the plot of cocopeat than
that of perlite regardless of the kinds of selected microorganism. Growth
characteristics in terms of plant height and leaf area was best in the plot of 0.5%

N2 ( CPS). In the plots of lower or higher concentration compared to 0.5%, the
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effectiveness of growth promotion was reduced. Root activity using by TTC
method was good in the range from 0.5 to 1.0% of each microorganism. It also
was highest in the plot of CPS. Therefore, CPS was determined as the best

microorganism of 10 pseudomonas sp.

2) Selection of Sacharromyces sp. D2

To select another effective microorganism from MS101, bacillus sp. CMB
and saccharomyces sp. D2 were compared on the growth of cucumber seedlings.
At 7 days after transplanting (DAT), promoting effect of CMB and D2 on the
growth was not appeared, but at 14 DAT, they showed differences from control.
In the plot of D2, early growth until 14 days was reduced, but at 21 days, it
showed higher growth promotion than that of control. Leaf area was similar
tendency with previous result. In the treated plot of CMB, at 14 DAT, shoot
growth was better than that of D2, but at 21 DAT, it was less than that of
control. In the results of root growth as affected by D2 and CMB, D2 was
similar tendency with shoot growth at the same time. CMB showed better root
growth than shoot growth. In the case of root activity, it was similar tendency

with previous results.

3. Optimization of environmental condition for maintaining  selected

microorganisms in hydroponic system

1) Development of housing system for concentrating selected microorganisms

into rhizosphere of hydroponic system

This study was conducted to development of housing system for
concentrating selected microorganisms, CPS and D2 into the rhizosphere of
hydorponic system. To do this, alginate which have a high molecule possessing

the structure of polyuronide and extracted from seaweed was used for bead
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making as housing system. Cucumber cv. Chunchuchunggang was transplanted to
pot filled with mixlite (perlite:cocopeat, 3:7, v/v). Growth characteristics in terms
of plant height, leaf area, shoot and root fresh and dry weight were better in all
plots of CPS and D2 than those of control. Especially, in the plot of D2 bead
treated, it showed more over 1309 growth promotion than that of control. In
comparison of the growth between liquid and bead type of CPS and D2, both
CPS and D2 bead showed more growth enhancement than that of liquid. Single
alginate bead was more favorable in the growth of root length than that of
control. It's effectiveness was considered due to well aeration, water and

nutrients uptake by the treatment of alginate bead.

2) The effect of the amount of selected microorganisms on the growth of

hydroponically grown cucumber plants.

Alginate bead treatment with selected microorganism CPS and D2 has
appeared to be more effective growth promotion than that of liquid treatment.
Hence, this study was carried out to determine the optimal concentration of
alginate bead treatment with CPS and D2. CPS bead was treated with 0.5, 1.0,
3.0 and 10.0g / plant and D2 bead treated with 0.25, 0.5, 1.0 and 5.0g / plant to
contact directly with roots in substrate. In all plots except 10.0g CPS, the growth
was better than that of control. The optimal concentration for the growth
promotion of cucumber plants was found in the range from 0.5 to 1.0g and 0.25
to 0.bg on CPS and D2 bead, respectively. The highest plant height was 195cm
and 192.5cm in 1.0g CPS bead and 0.25 D2. leaf growth and shoot fresh weight
was best in the plot of 0.25g D2. Therefore, the optimal concentrations were
determined as 05g CPS and 0.25g D2 for improving the growth of cucumber
plant. In the plots of lower or higher concentration compared to 1.0g CPS and
0.5g D2, it would be considered as economical concentrations which are the most

suitable growth of plants.

4. Selection of optimum substrate and nutrient solution for maintaining
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microorganisms

1) Effects of alginate bead buried with microorganisms promoting root growth
and kinds of substrates on the growth of hydroponically grown cucumber

plants.

This study was conducted to select the most suitable substrate for alginate
bead treatment of microorganism CPS and D2. CPS and D2 bead were treated
with 05 and 0.25g / plant, respectively, to contact directly with roots into
substrate. The kinds of substrates were perlite, cocopeat and perlite plus cocopeat
(hereinafter mixlite, 3:7, v/v), respectively. Generally, almost all growth
characteristics were better in mixlite than those of perlite or cocopeat. Also, in all
kinds of substrates, D2 bead increased the growth characteristics in terms of
plant, the number of leaves, leaf area, shoot fresh and dry weight and root fresh
and dry weight. In cocopeat substrate, regardless of treating microorganisms,
early growth was lower than that of the other treatment due to holding high salt
content of cocopeat. However, regrowth occurred in the plot of cocopeat treated
with CPS and D2 bead compared to control with time, therefore, CPS and D2

were considered that they could reduce salt demage.

2) Effects of alginate bead buried with microorganisms promoting root growth
and kinds of nutrient solutions on the growth of hydroponically grown

cucumber plants.

This study was conducted to select the optimal nutrient solution formula for
alginate bead treatment of microorganism CPS and D2. CPS and D2 bead were
treated with 0.5 and 0.25g / plant, respectively, to contact directly with roots into
substrate. The kinds of nutrient solution were PBG solution recommended by
Research Station for Floriculture & Vegetables in Holland, JBS solution

recommended by Japanese Horticultural Experiment Station and EVRDC solution
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recommended by Europe Vegetables Research & Development Center in Belgium,
respectively. Substrate used was mixlite. The growth of cucumber plants were
good in control with JBS solution and in the plots of CPS and D2 with PBG
solution, respectively. In control, however, root growth was better in PBG solution
than that of JBS solution. In the plots of CPS and D2, root growth showed best

result in PBG solution.

3) Effects of alginate bead buried with microorganisms promoting root growth
and the concentration of nutrient solution on the growth of hydroponically

grown cucumber plants.

This study was conducted to select the optimal concentration of PBG solution
for alginate bead treatment of microorganism CPS and D2. CPS and D2 bead
were treated with 0.5 and 0.25g / plant, respectively, to contact directly with
roots into substrate. The strengths of PBG solution were %, 3, 1(2.0dS/m, pH
5.8-6.2) and 2 ionic strength. The optimal concentration of PBG solution for
growth characteristics in terms of plant height, leaf area and shoot growth
appeared to be standard solution, 1 time. In the plots of 1/4 and 2 times, early
growth was inhibited markedly. Especially, in the plot of 1/4 times, chlorophyll
content was lower than those of the other treatment, However, as increasing the
concentration or treating CPS and D2 bead with 1/4 times, it occurred to be
greener gradually. In case of D2 bead, the plot of 1/2 times showed the growth
promotion equivalent to that of 1 times, it was considered that D2 increased

nutrient and water uptake of cucumber plants.

5. Improvement of physical property of substrate used and development for
reduction of continuous cropping injuries using by plant growth promoting

microorganisms.

1) Analysis of root exudates during growing period and it’s reusing effects on
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the growth of hydroponically grown cucumber and tomato plants.

Phenolic compounds in the nutrient solution sampled from cucumber and
tomato grwoing bed were analyzed in the course of growth period. The longer
the growing period and times of reusing nutrient solution, the higher the content
of phenolic compounds in the nutrient solution. Phenol compounds in nutrient
solution affected severely in shoot and root growth reduction. Linear reduction
was observed according to the amuont of phenolic compounds secreted from
roots. Same results were obtained in both cucumber and tomato plants. One of
the main factors of autotoxicity of root zone in solution culture was demonstrated

as phenolic compounds.

2) Effect of microorganisms promoting root growth on reduction of root exduates
during continuous cropping of hydroponically grown cucumber and tomato

plants

Addition of effective microorganisms seems to be a alternative counter
-measure in hydroponics of cucumber and tomato plants. The modes of action of
plant growth promoting rhizobacteria and microbial inoculants devide into three
parts but detailed mechanisms are not yet well unknown, but suggest the
following factors; @ enhanced mineral and water uptake (growth promotion), @
antibiotic activity through production of antibiotic compounds, production of
siderophores and competition in the rhizosphere, @ production of growth
regulators. Especially in hydroponics, reduction in phenolic compounds (root
exudates) in nutrient solution, increase in nutrient availability, pH and EC
stability, increase in root activity under low temperature in root zone, were
associated with effective microorganisms used in our experiments. With further
research of Dbeneficial microorganisms to horticultural plants, biological control

with reduce the agro-chemicals application in hydroponics would be feasible.

6. Improvment of fruit quality and yield of hydroponically grown cucumber plants
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using alginate bead incorporated with microorganisms promoting root growth

1) Effects of alginate bead incorporated with microorganisms promoting root
growth on the growth and fruit quality of hydroponically grown cucumber

plants.

This study was conducted to investigate the effect of alginate bead
incorporated of CPS and D2 selected under various environmental condition on the
growth and fruit quality of hydroponically grown cucumber plants through field
application. Cucumber cv. Chungnakhap was transplanted to styrofoam bed filled
with mixlite at 30 days after sowing. Planting density was 30cm between plants
and PBG solution (EC 2.0dS/m, pH 5.8-6.2) was fed. CPS and D2 bead were
treated with 0.5 and 0.25g / plant, respectively, to contact directly with roots into
substrate. To maintain microbial density, 0.5% CPS and D2 liquid were drenched
into rhizosphere at 45 and 60 DAT, respectively.

In the treated plot of D2 bead, plant height was 279.7cm and more over 30cm
than those of CPS bead and control, and stem diameter was thicker too. The
number of leaves was much more over 2 leaves than that of control. Also, leaf
area was much larger in proportion to the number of leaves. In the plot of D2
bead treatment showing the growth promotion, fruit quality in terms of fruit
length, sugar degree, average fruit number and fruit weight were higher than
those of control and CPS bead. In the treated plot of CPS bead, sugar degree and
average fruit number were higher than those of control, but fruit length and
average fruit weight were slightly lower than that of control. Total fruit number
and weight were not showed among treatments in early harvesting stage, after
that, the treated plot of D2 bead had more yield than those of CPS bead and
control. In the treated plot of CPS bead, growth rate was similar with control,
but total fruit number and weight were much more than that of control due to
producing more fruit number per plant. Photosynthetic rate of 15th full opened
leaf was higher in the treated plot of D2 bead than those of CPS bead and

control at 30 DAT. These results were considered increasing fruit yield and
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quality.

2) Effects of alginate bead incorporated with microorganisms promoting root
growth on the growth and fruit quality of hydroponically grown pepper

plants .

This study was conducted to investigate the effect of alginate bead
incorporated with CPS and D2 selected under various environmental condition on
the growth and fruit quality of hydroponically grown pepper plants through field
application. Cucumber cv. Nokkwang was transplanted to styrofoam bed filled
with mixlite at 60 days after sowing. Planting density was 30cm between plants
and PBG solution (EC 2.0dS/m, pH 5.8-6.2) was fed. CPS and D2 bead were
treated with 0.5 and 0.25g / plant, respectively, to contact directly with roots into
substrate. To maintain microbial density, 0.5% CPS and D2 liquid were drenched
into rhizosphere at 45 and 60 DAT, respectively.

Growth characteristics in terms of plant height, main stem length, stem
diameter and the number of side shoots were higher in the treated plot of CPS
bead than those of D2 bead and control. Judging from cucumber’s results, the
responses of microorganisms were considered to be occurred differently according
to kinds of crop plants. In the treated plot of CPS bead treatment showing the
growth promotion, fruit number and weight were higher than those of D2 bead

and control.

7. Analysis of the microorganisms’ physiological functions in cucumber.

1) Effects of the microorganisms on the reinforcement of cucumber root

activities

CPS(pseudomonas, sp) and Deo(saccharomyces, sp) were selected as an

effective microorganisms for promoting plant growth from mixture of the native
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microorganism(MS101). The selected CPS or D; was treated individually or in
combined form to the pots for a cucumber, musk-melon, and pepper culture. The
microorganism treated plants showed 3-times higher root activity and 25%
improvement in ion-conductivity than non treated control plants. These
microorganisms seemed to promote plant growth through reinforcing the plant

root physiological functions.

2) Effects of the microorganisms on the H -ATPase activity of root plasma

membrane(PM).

The sub-tropical plants like a cucumber cease the growth due to a decline
of root activities under the circumstance of low soil temperature and defective
transport of nutrients. H -~ATPase of root plasma membrane is well known to be
related to the absorptive function of the ions and nutrients. We investigated the
changes of H'-ATPase activities with the microorganism treatments as the
criteria of root growth and development. The enzyme activity of CPS treated
roots showed the highest activity after 2-3weeks and D. treated roots after
4-5weeks, and around 30% increment of the enzyme activities compared to the

control roots.

3) Studies on the mechanism for the increasement of H -ATPase activity with

the microorganism treatment.

Several microorganisms are known to secret the hormones like auxin and
cytokinin. We investigated how CPS and D induced the PM H'-ATPase activity
of the cucumber roots. Cellular transcripts amount in the D, and CPS treated
roots were higher than the controls at 4-5 and 2-3 weeks respectively in RNA

blot analysis. Protein amount in PM were also higher in the treated roots than
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those of control in Western blot analysis using the anti-H -ATPase antibodies.
Cellular transcripts and protein amounts increased at the same time as the
enzyme activities increased. Trypsin treatment for the PM proteins increased the
enzyme activities by same ratio(~25%) in both the treated and non treated
control roots. From these results, we confirm that the microorganism induce the
H'-ATPase gene expressions, and increase the enzyme activities in the treated

roots.

8. Identification of the physiologically effective metabolites secreted by the

microorganisms.

It has been well known that several microorganisms are secret the
phytohormones under the stress conditions, and these hormone affect the plant
growth and development. We identified that CPS and D: secreted IAA by the
exogenous tryptophan supply and also by the interaction with the plant roots.
CPS and D2 were multiplied and formed colony around the plant roots through
the interactions with roots. Microorganism treated root exudates were analysed by
salkowski’s reagent and HPLC, and TAA amount in the exudates of CPS or D
treated roots increased are culture time extended until 120hrs, but D: secreted 7
times higher amount of IAA than a CPS at 120hrs culture time. IAA or
microorganism treated cucumbers showed higher growth rate than the controls,
and also showed higher H' -ATPase activities. All of the IAA, CPS or D; treated
plants showed same patterns of growth promotion, enzyme activity increasement,
and induction of H'-ATPase gene expression. To prove that the growth
promoting and increase of the root H'-ATPase activity were resulted from the
bacterial auxin. Inhibitor of auxin transportation, TIBA, was treated to the roots
of TAA, CPS, or D treated plants and control plants. Plant growth promotion by

the microorganisms and IAA was retarded in all of the TIBA treated plants, but
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not in control plants.

9. Application of the CPS and D2 microorganism for the cultivation of cucumbers

in a farmer’s vinyl house during fall to spring season.

To verify of the CPS and D; microorganisms are effective growth in the
farms, we cultivate the cucumbers and peppers in the vinyl house. The
microorganism were housed in alginated bead and mixed with field soil, and
cucumber seedlings were planted for their roots to contact with the
microorganisms. These microorganisms were effective in growth promotion of
both the cucumber and pepper, but more effective to the pepper. However, rate of
growth promotion by the microorganism was less in the field than in the pot
filled with mixlite. This implies that soils of the farmer’s field contain a
population of many different effective and deleterious microorganisms, and CPS
and D do not perform their functions fully and/or do not overcome the effect of
the deleterious microorganisms.

We finally registered a CPS and D; to KCTC(Korean Collection for Type
Cultures) as the plant growth promoting microorganisms. Also we developed
techniques to industrialyze these microorganisms as a plant growth promoting

substance in a solid and liquid form.
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1) A Aol g3 2o A5 W3}

2) T o3 7 2EA(AZE TAHLR) WA 43t Ve

A

2k Aegd B4 9
) A Aol Ao dejddEd g4 & MAES o] &3 F4 A
2) TAA detection
7} salkowski’s reagent W% A3}
) CPS, D2 #5929 AZFthd) Tryptophan 554 IAA BA %
3) Root colonization
4) HPLCE &3 Adg4d =4 14
5 Z&E HeElo Ay &4 7l g AYdgEde 9
7h TAA A2l w2 A Wkl H-ATPase 4% U3t &4
) IAAA 29} A2l 93 H -ATPase #3AF @& 00150 A
o] x4 ¥l

6) Qo] #el 7|5 F3 ddowM nAEe] ZHF 254 VT AES

>

71 2o AAE A W3 TIBA(2,3,4-Triiobenzoic acid)* 2] &3}
W) A< 9 TIBA A3 A ®a e H-ATPase 4% W3}
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M2z =ue Zls70g

AlAd U9 #dd7|«9 d3H TAA

<A (rhizosphere) ¢ 2F+= £°] = Hiltner(1904)°l 2J&] 3o =2 AHolx o, 2

Eo BaloA ®H¥ = ©4ady A <(carbon and nitrogen sources) % o U A ¢

al 4,
25l B e Sl EAsta ol AeR Hasa gkl 1991).

SANAE S HEst] A9 FFE &8s FINE e A= AEY I
= FF 539 FHeAM F2 AdPse] gkok (Duff 5, 1963; Kapulnik &, 1983).
Bacillus megaterium¥ Pseudomonas fluorescens < 2= ¥y wjxq =

A veds A5 ade AuEd e 0 b vgstA vE
Ui Zlo® BaEth(Gerresten, 1948; Duff &, 1963; Martin, 1973). Sarig &
(1988)2 EAAFA AEAFE A =S Hgdete] A=A & o84S
SAANATHE W E 9=, Azospirillum brasilenseE FZsH AlEFF9 &
i o] &Ado] FAE] Q1o FREEE] EolAil ¥ (canopy) &%=7F SrobA| M|
stomatal conductivity®} SAFEo]l F7FEA =, o] AF vAES HITd EG

F ARG MRS YEHA e dxT EFREgwel vl o 15% %

IH ZHRAEEL AEe AgFe By dads Adste vAEd gt &
28-S zt=t} (Brown, 1974; Kloepper %, 1980). ©]2]3F Z&x AP E B

A9y WU A%S oAFons B AFE %A UTHLesingersh
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Margraff, 1979). ¥ 94 vAE9 S JA = w7lUFN = FHEZ (Howell
¥} Stipanovic, 1979; Baker®} Scher, 1986)3 & ZdolE 3}5E2] A4t (Nielands,
1981a; Nielands®} Leong, 1986), ¥&& o]&3l7]d £ 9# &R (Lynch, 1982;

o]
PR

R

Schroth®} Hancock, 1982) 5©°] H L%
AEWE Y At Be VAEELS ATEd(precursors) S H7FSEAY #H 7Sk
2| k& wjR| oA auxins, gibberellins ¥ cytokinins & TE2ES ALteleE o=
a1 4 9 th(Brown, 1974). ZAMAE Ao JsiA F7HE AEAGE=2 57
FolAd I dF = [AA T+ gibberellinf o =28 Ao o3t Zox HIUFA
UTHBrown, 1974). L2 FHLHom ojgd TMHELS dWbA o QIAHA &gl
Ue AAelH e EGS ol&ste] AAg Aol ot AeAFEZ LA
NEo] AMA Fbo| FEERo BEHo| oo 9x UL 7
9l tH(Suslow, 1982; Kloepper 5, 1988).

A ol A FdH L e FAAAAN HEBEFEZ FANBES] o] & #
3 ATE BHH T2 P ospot A spE AHEste] i &
1998)7 AESH WAE HAl (Van Peer &, 1983)3t= SHAA F==2 HAAlstal 3l
o A A AEAGEN A= (PGPR)o] o] soF & 7HE TR g

21 o A ¥ AV AEHow AEe, Fod Ao 718

242l o] & (Sarig %,

Zlo
Al F Aol AdtH = dF= e T U= EFRAAE v FA=o] v
7] wjEo]tHKlopper 5, 1983). I tl&oz Q3 ML &Aooz By ®W
(epidermal cel)el 42 = e T 2fst AEAG 4 - HHH=Z
L35k AYH ZES & F dojok dvh= ol (Suslow, 1982; Suslow
1982).

FAA 2Eo A FAUAES AAE B Van peered Schipper(1988)&

A ZHEe] S wjgetel] nAdE wjgdS AYAS A AT, 59 ¥

g WAZHe  pseudomonas® I 259l A2 Fo JAFAA(nhegative

=
wn
e}
=
5
Q
=4
=

¢
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correlation)”}  Yttx vk 2y PGPRel P sp. WCS4179] A=
pseudomonas©ll &1 A= AGASGE AT ol AHE AFFALS P
sp. WCS4170] e WAnAEZHA A2 dEz A2gtozx nAds Ag o
B yFo| MAsta = pseudomonasete] X 2H(displacement)Z-&-o 2|3 H o
2 Ruda ok ol Aur wFo] Hop A& S A= 3
pseudomonas “&°| FAAMA LG, 53] el e 2@ wAZEN A DT
T Ates AS BolFa vk
Van Peer®} Schippers 5 (1988)°] 2|3t EnlE Qo] A3 = 7z 5o 7 A
Al A S AN EC pseudomonas TFES HB A A FHE F A&
o BAFES FT7MAHTAL G AE AGFHILS 2] A AE, 53] 9
2 WArAEe oA e AEEHH Aotk NFToF ¢4 5 Q1A
el mAdE e 248 ESAuel Hlste] wlwz d B3e Aom AzbEn
aelu R AEe] Al fFafdt FAnAAES] HAd H ddo] g% o &8
A el Ak FAAMAl LA A mAEY HYe olHd FaAvAE
o] S A gt
2150l RS EFRehs FEMAAE e A

]_
A= dvl.  Lifshitz %5 (1987)& 2AEAAZE=R ZAAE #39
7

P. putida®
canolar B el g ste] ¢ (32-P-labelled phosphate) &4+S ZZAA S Sarig %
(1988)& ¥k T A A  Azospirillum brasilenseE HE&td AlgF49 1
ol geo] FFEol 4o FEFEAHE] Zobxil F¥(canopy) =%7F HopA|H

stomatal conductivitye} A& o] molMtla B 313k T}

Egdey dE 5 ddsd=e o A7 Wgfo] nAES o &3t
7] el Ao 7] el doiHow EGuAAES ol &3k Ful Al
Wl 7]l gk Asie] 2w wow AAgHE Ad 5 Qv F
A& &3 FAF Aol M e SAE RS sHoRe] Hdfo] AA &5 9

2
Sz Ao o] fo]l ArFH Ut FEUAE o]&2 FE A= 4F
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Table 1-1. Composition of the balanced nutrient solution recommended for

cucumber by Japanese Horticultural Experiment Station.

Ingredient Chemical fomula Concentration(mgL ™)
Ca(NO3)24H20 944
] KNOs3 768
Macronutrient
MgS0O47H20 492
NH4H2PO4 114
Fe-EDTA(12.5%) 16
H3BO3 1.200
) ) MnSO4H20 0.625
Micronutrient
7ZnS047H20 0.090
CuS045H20 0.040
NasMo0O42H:20 0.125
9. 234 € nF
MSI0LE obikst Sge] AAstn gt EXu AR Lzt S3olF, &
cbat, A, SRS, WA 58 FREte] St TRz el e B

oZ
]

of Bty A A mAE HaEE Az do Zokd ALTbsdS HES A

[e

o
9,

CENE, 13 Sol4 A% £0E3E 2 5 A0

Table 1-2. Composition of the macroelement and microelement in MS101.

Macroelement(%) Microelement(ppm)

MS101| T-N | P2Os | K20 | CaO | MgO | B2Os | Fe?* | Zn®" | Mo®" | Cu®™" | Mn**

0.31 | 0.45 | 0.55 | 0.20 | 0.33 |0.017|855.5| 21.7 - - -
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& AnME AT R AsrolA A%ol AEsHAT 17 12014 nE vish

J_:[l__
ol iAW e E3x7F vl Hlske] desiih

Fig. 1-1. Effect of MS101 on the growth of cucumber seedlings grown in
plug tray. [Only 1/2 JBS treatment(a), 1/2 JBS + 0.5% MS101 treatment (b)]

Fig. 1-2. Effect of MS101 on the growth of cucumber roots grown
in coir—-dust. (Only 1/2 JBS treatment(a), 1/2 JBS + 0.5% MSI101 treatment (b))
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Fig. 1-3. Effects of different concentrations of MS101 supplemented to
nutrient solution on the plant height and leaf area of cucumber at 21 days

after transplanting.
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Fig. 1-4. Effect of different concentration MS101 supplemented to nutrient

solution on growth of cucumber plant.
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Fig. 1-5. Effect of MS101 supplemented to nutrient solution on the growth
and development of cucumber plant. (A : Con. B : 0.05%, C : 0.1%, D : 0.5%,
E : 1% MS101)

MS1017 2] A A3 HTxs 987 9ste] DFTH o2 JBS A
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o 1901 4e] FEANAFE = MSI01e] Felo] FHso] AL = glon

ool uheh Welol AW AP BAG F5E] F5E AsSUA Qw4

S9) A2 e Ao AZEHAY.
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Fig. 1-6. Effect of MS101 0.5% supplemented into nutrient solution on the

growth of shoot and roots.
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Days after transplanting

Fig. 1-7. Changes in EC(mS/cm) of drained solution as affected by

supplementing MS101 to the nutrient solution during experimental period.
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pinching
pollination —O0—Con. ——MS 101

1 7 13 19 25 31 37 43 49 55 61 67
Days after transplanting

Fig. 1-8. Changes in pH of drained solution as affected by supplementing

MS101 to the nutrient solution during experimental period.

3) A=A AA MS 1019 AF X &34

) GEARA B A 53 29
MSI01Z wpeFoiu) H7hA Eoko] gl WFelule) £ACIA 4L 5
WA A AFe APH0R HANTE AS & 5 Ak MSI01e] AT

A dETEY JuA, AT AT dETel SUkste 43S RATGE 1-3).

Table 1-3. Effect of 0.5% MS101 supplemented into nutrient solution on
fresh weight and dry weight of muskmelon plants grown in rockwool

[Pinching after 20days (9. June)].

Plant Stem | No. of Fresh weight Dry weight
. . Leaf area 3 o
Characters| height | diameter | leaves () (g plant ) (g - plant )
(cm) (mm) (ea) Leaf | Petiole | Stem | Leaf | Petiole | Stem
Con. | 1175a” | 17.3a 23 14,091.2b | 715.6b | 244.7a | 213.7a| 77.8b | 18.1a | 21.9a
(o)
1\2.551/81 120.1a 17.8a 23 18,152.3a | 1,007.6a | 265.7a | 230.2a | 106.1a | 20.4a | 24.2a

“Mean separation within each by Duncan’s multiple range test at 5%.
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Fig. 1-9. Effect of MS101 supplemented into nutrient solution on leaf
growth of muskmelon plants grown

Con.(B)]

in rockwool. [0.5% MS101(A),

Fig. 1-10. Patterns of root growth between MS101 treated (A) and

non-treated (B) of muskmelon grown in rockwool.
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Fig. 1-11. Effect MS101 supplemented into nutrient solution on soluble

solids content(%) of muskmelon fruit grown in rockwool.
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Fig. 1-12. Effect MS101 supplemented into nutrient solution on fruit fresh

weight of muskmelon fruit grown rockwool.
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Fig. 1-13. Patterns of soluble solid content of muskmelon grown

in rockwool.
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Fig. 1-14. Effect of MS101 supplemented into nutrient solution on external

appearance of muskmeoln grown in rockwool. (A : Con. B : MS101 0.5%)
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Fig 2-2. A: comparison of developments of shoot tip cultured in cucumber
in tissue culture room after 30 days (28C) B: shoot tip cultured Root
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Fig. 2-7. Ion conductivity was measured after freezing the root tissues,
and ion conductivity of frozen tissue was elevated by comparing to
unfrozen control root tissues. Lower ion leakage means the more stable
root tissue.
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Fig. 2-8. Effects of isolated microorganisms on the plant height of
cucumber grown in perlite and coir dust at 30 days after transplanting. N
1~N10: selected 10 different microorganism species, -1:0.1, -2:0.5, -3:1.0
-4:1.5 and -5:2.0% of microorganism added for each species. Notation for

concentration is same for all 14-2~14-6 figures.
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Fig. 2-9. Effects of isolated microorganisms on the leaf area of cucumber

grown in perlite and coir dust at 30 days after transplanting.
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Fig. 2-10. Effects of isolated microorganisms on the shoot fresh weight.
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Fig. 2-11. Effects of isolated microorganisms on the leaf fresh weight of

cucumber grown in perlite and coir dust at 30 days after transplanting.
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Fig. 2-12. Effects of isolated microorganisms on the root fresh weight of

cucumber grown in perlite and coir dust at 30 days after transplanting.
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Fig. 2-13. Effects of isolated microorganisms on the root activity of

cucumber grown in perlite and coir dust at 30 days after transplanting.
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GCC TGC bionics cokr) & A}&3to] #Edk DNAE templateZ PCR3FY AL,

sequencingsS &3to] F7IMES st HFE FAsA

o A3 9 1%

D &3 2%

Qolof MES o AT/A FHY dis Edz AFFA 754

FFEo| thate] BIO LOG SYSTEM3 16S rRNA SequenceZ E3d}o] %xA}3gH Ax

A Pseudomonas.sp M2 Rhodococcus sp
CPS Pseudomonas. sp M10 Brevibacterium sp
C Pseudomonas.sp M11 Pseudomonas.sp
D Pseudomonas.sp CMB100 Paenibacillus sp

E Pseudomonas.sp M3 Bacillus.sp
F Pseudomonas.sp M1 Bacillus.sp
G Pseudomonas.sp M6 Bacillus.sp
D2 Saccahromyces sp HWPD5 Rhodococcus sp.
RP Methylobacterium sp CMBS88 Bacillus.sp

Table 2-1. 54 A

Table 1l A A3 wpe} o] 7} tF5o] &A% Ak BIO-LOGAS] 7423 N1t
N3-N107+A41 €]+ F+= Pseudomonas Fol=dl o5 < 53 &37t S9%
CPS(B)Tr+9] 16S-rDNAE 43 A3 Pseudomons pavonacei®t 99%°]4Ho]
AAE THE o, B A3 g ME Pseudomonas sp CPSzF B H &t} o]+ dwl

o2 PGPRZ 4#A w5 T2

T

w49 Ao o wuE W} A =W

oA A Aol deojwten Dol Hls| &I}
S

o2

Bacillus 49 $¥5(CMB)= 44§

7} vrol ZAFE x| Ftl. D2+ 18S rRNA ¥4 ZA 3 Saccharomyces cariocanus

_92_



9} 94% 9] FAIEE B o™ Saccharomyces sp D28 W ALg3dth FAH n A
E% pseudomonas sp$t bacillus sp?t + w2 AAFHAY. 28} ZAF root
activity Ion-conductivitys <42 7] &3 SHAA HH axE HA CPS}

D22 Al FHA oz FAA M o] & oJH-9} housing system 33} t}.

Fig.2-24. CPS and D2

_93_



A3 A BEY 2HAHY FE S

Jp
o)
o
(&
z

Housing system? & H

,_.
r>~
i3
i,
5
o
o

o FRAAN =AW AHFg =& 9T housing system

SF o7k 7] w0l

Aol A x| 7] wjiEo] vt

FAAA A ] ThedSsE EWE FFH0RE EGAdA AFEES 98te housing

systeme= 93] MEF F AEFY EZFEUol=(polyuronide) T 2E ZEi U+

TEAELS BHFs e EARS o &t olE  ¢Abe whFEZL
=

F#&4Hguluronic acid)®] 2F o2 o] Fojx Arta ¥l A

¥9,
o
2
o
oj
—
o
[@))
x
2
o

BAALE QAN AN FEHQ mAlelmE T HA

o T2 Aoz AAHJTTAEA, 1978; ICRP, 1978).

1) " A& T (housing)systemS A F3t7] ¢ 3% bead A Z
v kool 29%(g/v)

LB brothel A overnight culture(28C)3F & m A& ol
Sodium alginate® =<1t} Alginate7} vl o] Fis] How 13 Hat ol 10%

_94_



(g/v) CaCly 8 94< dropping 3FH chelatione] ¥ojv} 1¥3E o] &} LB ILE
40g9] beadZ AJAF3iT}

2) ZAEAW A MAAE A WY
MRS B AYd 49 oF ImLe| v Eo] TE Hi¢
200mL(v/v)oll 34 ste] wiA & F£3] Ad A== Agstd.
Ad Ao w 33 APt M8 ES beadstste] A& G 9ol= 12+

=
Mg EIHE Fe MRS FRE WA 05%7F HEF wgel 175mL7)Ee

o &
-

O

=

il

=
HE A

i
(o
o

(L

=

ih]

3}

=
= o5ge] bead® ANEHE J1FOE MAES At
3) AHEA M VI AEL EEH bead A WY
Mix 34 ; 28 W Aol AHgsHE AxE mauE, Beto]Esh bead
2 @ 2 2ol MARY BEA 05 %AES o) porol T el gEy

o A3 A beads Alstar AEulAE LT YRR AT F FHE

28 o wjA U] SH Hest JE6ke HEo beadS AR Agsrh

3o S 23ko] 20039 39 224 QAFHlolH
(30C)ell Hotgtk 5 dd gFsidnt BF 5 29 1~-2v] A= A3 1024 PBG
1200 4& AHow Tl SHAT. wiA = perlite®} cocopeatE 7:3(v/v)o =
<3 (mixlite)ste] AH&atom, BF & 3044 3529 &7l FAsAT FHS
Efolmof gt WA o7 A I (Netafimijil, o] ~etd)E AFEete] v o= &
Aol Auistdnt. olE WAE A S HSAdA 2, WA, Ao

A3 AAE U A FEL 2ASAT

)

o A3 9 1%

_95_



D A 717 ¢4 R EF W dA F=9 IFE FASGY HAE

715 & B3 A 717 93 housing system T

™
£
w TE
i
N
>
_O|L
e
BUA i
2
o
=
o
it
9
lo
rot
oZ
Ho
o|\
™
o,
ol
i)
N
o
o
ﬂ',
P
=
o
d
_>‘4_11

Frow dqAstn AERSS oS FWA7]7] 998kl housing system?]
beadE A& 3F Fo AMAFAT. 2E AW wA W A wAAES] kA
MES STk Qol® 657 AWEA 3% Fol MAEE A
o= 53 o] AEujA(ZAH E+Heto]l E)of
1Pz @ MRS £33 5 glgonz FEuH 9o LEE wHoR S5ty

=
7}) 20 AHlE =3 housing systemd 7]% &<

(1) housing system$ ©] &% 20]9 A{ XA}
FA A 2o]o] A 2WS 9 =@ nAE CPS$ D2Z alginate

£ ol8% bead FENR WA EF AL A% o5 WP WA BT A
& ulaw AYF At E 310 gk 29, GRE, A4R} Ay 4AF 2 4
#% wE gapel sl ATl FRor], 58 D2 w= AeTlA vzl

Al 130%017d Aol S7H3 Aoz yEyith

_96_



Table 3-1. Growth characteristics of hydroponically grown cucumber as
affected by liquid and alginate bead treatments with functional
microorganisms strengthening root growth in 6 weeks after transplanting.

Pliant Leaf .Stem Internodel  Root Fresh weight (g)| Dry weight (g)
height area |diameter

2 length | length | Shoot Root Shoot Root
(cm) (cm”) | (mm)
Con. 1453 b*|1707.1 b| 7.3 85ab [ 283 b |1590b| 276 b | 169d | 29D

Alginate| 165.0 b |1885.8 b| 6.9 88 ab | 37.3 a | 1796 b | 35.0 ab| 20.5 cd| 39 b
CPS 171.0

18241 b| 71 82b | 383 a|167.0 b| 338 ab| 196 cd| 3.7 b

liguid ab
176. 1966.2 .
CPS 6.7 966 72 9.3 ab 337 1964 b | 35.3 ab| 23.7 bc| 4.2 ab
bead ab ab ab
.D2. 167.3 | 20329 7.8 85 ab [ 283 b |243.0a| 320 b | 29.2 ab| 36 b
liquid ab ab
D2 bead| 198.0 a [2288.1 a| 7.9 95 a i%o 2605 a| 429 a | 330a | 54 a

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

vl Ee] Gt wEste] o] A& mlaA], CPSeF D2 B HI =3 A7t o F
& A BT A gEAd s B3 2Ry A o fesslon,
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Fig. 3-1. Changes in plant height and leaf area of hydroponically grown
cucumber as affected by treating liquid type and bead type of
microorganisms 'CPS' and 'D2' by using alginate.

_97_



Hlel L= Aol AZko] FadeE A vErs

A7 AFAYFEY A et d3aE Bidu 49U 23 viviA =

izl vs) mAE Aol W2 el EF beaddt A=<l alginates

d=ow A Adgoe dEzTry 2oy dudo]l v FA dERt o=

71&°] Kl alginate’t A& A5 S ZAE BHAdve W& dA Sk
% 3-2v VAEY] TR AedRiel wE Qoo ARk A5k A

< W3kE el Ao ARk Aekie] AAlT B CPS A2y D2 A

) o

T o Fad AAE dErlv E=R 27 AL AFACdA Fkou, A

Ol
i

409 HAEE 7]HO=2 bead A A v £ &35 X, D2 bead ATl
A ARG A sERe] Aol 747t 220g¥ 43g o= o] 160g¥ 27goll W] @

14wl 1.6¥) ¥ =9kt

2 D r
—— Q0N —a— Agnde 45 | —+—ON —a— Algnate
o & CPSbead CPSliaid 50 |+ OPStead CPS licuid
c —-Phead —o—[Rliqud k> | -DPbead —e—LPliquid
51 | S|
[ [
H B
I I
810t 8
'g 315
%ot €0 |
51
0 0
7 14 2 2B 3} L2 7 14 2 23 b P2
Days after ransdlanting Days after ransplanting

Fig. 3-2. Changes in shoot and root fresh weight of hydroponically grown
cucumber as affected by treating liquid type and bead type of

microorganisms 'CPS' and 'D2' by using alginate.
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Table 4-1. Growth characteristics of hydroponically grown cucumber
plants as affected by different kind and amount of alginate bead treated

with functional microorganisms in 45 days after transplanting.

Plant Leaf Leaf Stem |Internode Fresh weight
Treatmen . . .
. height length width | diameter | length (g)
(cm) (cm) (cm) (mm) (cm) Shoot Root

Con 1415 d"| 20.5abc | 20.5 ab 7.2 8.0 b 130.0 17.1 bc
0.5g 1925 b | 195 be| 19.3abc 7.9 8.8 ab 154.0
1.0g 1950 a | 195 bec| 20.0abc 7.2 95 a 153.0

CPS
3.0g 180.0ab | 21.0 ab| 20.0abc 8.3 78 b 162.0
10.0g 1340 d | 173 c | 165 ¢ 7.5 8.5 ab 143.0
0.25g 1925ab | 235 a | 218 a 7.3 95 a 175.0
Do 0.5g 174.0abc | 19.3 bc| 19.8abc 7.5 8.0 b 172.0

1.5¢ 160.0bcd| 17.0 ¢ | 18.0 be 7.8 8.5 ab 149.0
3.0g 146.0 cd| 195 bc| 19.5abc 8.3 8.8 ab 136.0

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

a9 4-12 CPS bead?9 AAZEFS FHst7] st £EY 05g, 1.0g, 3.0 ¥
10.0g9 5= A7 9t D2 beadE EFET 0.25g, 05g, 1.5g % 50g9 v=d A3
of A4 ¥ 2o APNEE Uetdl Ao=M CPSI bead®] %ol 28U7HA =
AW 3 (mix) A 7F b E=Rd 9hA) 42970A] = 3.0ge] MYt FES] T
HAeS & F A}t o9k FAFE FF e ® D2 bead®] WA Wl E3(mix) A2
oA 284744 wAB8] F7HE JAA N o] Fol= F Aol YEhUA il 23]
[e3]

1
BETe Agol Holdt AFS ¥+ Atk
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Table 5-1. Growth characteristics of hydroponically grown cucumber plant
as affected by different substrates with treating microorganisms CPS and

D2 integrated to alginate bead at 35 days after transplanting.

Plant No. of Leaf Stem Chlorophyll
Treatment . .
height(cm)| leaves(ea) | area(cm?2) |diameter(cm)| content
CON 97.7 145 14115 5.82 449
Perlite CPS 103.5 15.0 1401.9 5.80 454
D2 108.0 14.5 1535.2 5.88 46.2
CON 75.5 12.0 900.8 5.25 42.3
Cocopeat CPS 84.5 13.0 1120.0 5.40 43.6
D2 92.5 13.0 1204.9 5.73 438
CON 101.0 145 1486.0 5.87 451
Mixlite CPS 112.0 14.0 1539.6 5.85 46.3
D2 119.2 155 1630.3 6.13 48.3
Fresh weight(g) Dry weight(g)
Treatment Shoot Root Shoot Root
CON 82.0 17.6 7.66
Perlite CPS 80.5 174 7.61
D2 85.0 18.1 791
CON 62.6 14.2 4.56
Cocopeat CPS 76.0 17.6 6.06
D2 79.4 179 6.13
CON 91.3 20.8 9.02
Mixlite CPS 94.6 22.6 9.61
D2 100.9 249 9.77
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Fig. 5-1. Changes in plant height of hydroponically grown cucumber plant
as affected by different substrates with treating microorganisms 'CPS’ and

'D2’ integrated to alginate bead.
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Fig. 5-2. Changes in leaf area of hydroponically grown cucumber plant as
affected by different substrates with treating microorganisms 'CPS’' and

'D2’ integrated to alginate bead.
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Fig. 5-3. Changes in shoot fresh weight of hydroponically grown cucumber
plant as affected by different substrates with treating microorganisms

'CPS’ and 'D2’ integrated to alginate bead.
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Fig. 5-4. Changes in root fresh weight of hydroponically grown cucumber
plant as affected by different substrates with treating

microorganisms 'CPS’ and 'D2’ integrated to alginate bead.
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Fig. 5-5. Changes in root activity of hydroponically grown cucumber plant
as affected by different substrates with treating microorganisms 'CPS’ and

'D2' integrated to alginate bead.
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Table 5-2. Growth characteristics of hydroponically grown cucumber plant
as affected by the kinds of nutrient solution with treating microorganisms

'CPS’ and 'D2’ integrated to alginate bead at 42 days after transplanting.

Plant Internod| Fresh weight
Treat ; heioht Leaf Leaf Stem
reatmen i
catme c18 length | width |diameter ¢ Shoot | Root
(cm) length

PBG 151.5abc”| 18.5b 19.5ab | 8.1abc | 9.0bc 134.0cd| 17.9ab
Con JBS 154.5abc | 21.0a 20.5a 7.9bc 9.3bc 156.0bc| 13.7cd
EVRDC | 145.0bc | 16.0c 16.5cd | 8.2ab 9.0bc 108.0c | 14.5bc
PBG 170.0a 19.3ab | 19.0ab | 7.5bc 9.5abc | 177.0ab| 16.8abc
CpPS| JBS 148.5bc | 16.5¢ 16.0d 8.2ab 8.8c 116.0c | 14.3c
EVRDC | 161.5abc | 19.0ab | 18.8ab | 8.2ab 9.5abc | 158.0bc| 16.7abc
PBG 169.0a 20.3ab | 19.8ab | 7.9bc 10.0ab | 202.0a | 18.7a
D2 JBS 142.5¢c 19.0ab | 18.3bc | 7.3c 8.5¢ 119.0c | 10.9d
EVRDC | 163.0ab | 20.0ab | 19.3ab | 8.7a 10.5a 177.0ab| 19.7a
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wolx itk 19 56 Felo TR wE mAE CPSS DIEAE T} 2ox
go AAA Wake] MAE GFe e AozA, 74 vy HF AuH

=2

ol Wake PBGYANA EohA o tehigon], CPSHIE AelTi 4527
F71744, D2l = el ool A e W 27 et Aoz
A Y 5788 el FRo| we wAE CPSS D2MEAe Tt Lol

Ak Aol AT Wl vA= S UEd AomA, 747 nAdEd

P
-
rr
N
I

>

BN

- 120 -



Fholl D2 =5 Ag A FolA 654 A S7Fekd

200
180
160
140
120
100
80
60
40
20

O2weeks
M 4weeks
O6weeks

Plant height (cm)

PBG | JBS EVRDC PBG | JBS EVRDG PBG | JBS VRD%

CON CPS D2
Treatment

Fig. 5-6. Changes in plant height of hydroponically grown cucumber plant
as affected by the kinds of nutrient solution with treating microorganisms

"CPS’ and 'D2’ integrated to alginate bead.
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Fig. 5-7. Changes in shoot fresh weight of hydroponically grown cucumber
plant as affected by the kinds of nutrient solution with treating
microorganisms 'CPS’ and 'D2’ integrated to alginate bead.
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Fig. 5-8. Changes in root fresh weight of hydroponically grown cucumber
plant as affected by the kinds of nutrient solution with treating
microorganisms 'CPS’ and 'D2’ integrated to alginate bead.

- 122 -



a7 5-9% e Fiol wE mAE CPSe D2Hl=Ae7F 2o
AAA Wste mAE FdFE JeEbd gtk gz A, 48 BSYAETE
SHAPBGSE 7)ol EVRDCHi G el A &3] o £ Zo® veyton, CPSH
= Ao gz o)y A wpte] Fof AR JBSUAA o L3
ol tha EA deikth D2HE A2 o] A 2540 U8 BSolAM =& o]

Oa mdo Alzbe]l ZaE Ak gasks ddoliew, stk PBGeE 7]

ru

2

Lo

o

EVRDCH el A= &3] S7hets Aoz yeyt. webs njgdzo] hgrst
Qole] AgHeF Astie] AFNteS EdE & 49 stk PBGE Al 209 A

Aol b AT Ao e,

- 123 -



0.8 b2

0.7
0.6
0.5
0.4
0.3
0.2
0.1

0.0
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0.0
0.8
0.7
0.6
0.5
0.4
0.3

Formazan content (zg'g ~'*h™")

CPS

Formazan content (zg'g ~'h™")

1N
\

Co

——PBG
02 —=—JBS

0.1 EVRDC
0.0 ‘

2weeks 4weeks Bweeks
Time

A

Formazan content (zg'g ~*h™")

Fig. 5-9. Changes in root activity of hydroponically grown cucumber plant
as affected by the kinds of nutrient solution with treating microorganisms

'CPS’ and 'D2’ integrated to alginate bead.
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byt weba] E AP ol mAESY] 44 vlEs ALS g PBGEA ] F
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2 A¥Ee ASUWIHG o' FAFETLE el 20049 1¥€ 7Y
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A4 PBG 1/2d1%& AWo=m HFdte] FEREATE A FFE perlite®t
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ow, 3F 5 3094 35¢¢ &7l AAEAT. FRY s 3¢ PBGE 4, 4,
1(1.5-1.6dS/m, pH 58-62) ¥ 28jHo g FA3le] FF3t o
ofgh WA o HA A (Netafimit, o]2=2td)E AF&3te] vl o2 Aol A
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A" HE5stes Agasint. AdAe F B 24, A9A, AGF-9 A5
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2) Root activity
<83 Z=AHL2 Imm ©]8+e] ¥8E 05cm Aoz AE dAH (g ¥
2] Z triphenyltetrazolium chloride(TTC) 0.1% £(1% TTC + 04M disodium
succinate hexahydrate + 0.IM <4 &%) 30mLE E2 djFH o] ol 1A%
FoF 37C F&v|oA BAE T ABEE AZ1 formazano] FAE o] HolA 3mL
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ZAQ¢o2ZHA formazang A& &5}
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14Xk 2Xo s A M= AFe] 4T FAsAY. 58] 4
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o= AZEAT 17 5-10& PBG 49 F =9 CPSeF D29 24114k =31 A 2o
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D2H =9 A 1X9 FxolA 7H =LA dvEbdth =3 1/4X4 2Xe
M= D2H= Helo] o BFFr|R Zdrs 2] AXNE AFo2 e
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Table 5-3. Growth characteristics of hydroponically grown cucumber plant
as affected by the concentration of PBG nutrient solution with treating
microorganisms 'CPS’ and 'D2’ integrated to alginate bead at 35 days

after transplanting.

Plant No. of Leaf Stem Chlorophyll
Treatment ) o |
height (cm)| leaves(ea) | area(cm®) |diameter(cm)| content
CON 93.5 145 827.4 5.88 24.3
iX CPS 102.5 155 803.7 6.38 24.8
D2 124.0 15.0 1010.4 7.00 25.1
CON 103.0 15.0 1029.1 6.80 355
X CPS 112.5 16.0 1073.2 7.13 37.3
D2 129.0 165 1525.8 7.98 39.2
CON 107.0 14.0 1283.8 7.05 46.3
1X CPS 112.0 145 1211.0 7.90 46.7
D2 141.0 175 1649.4 7.65 49.6
CON 98.0 145 835.3 6.30 40.1
2X CPS 108.0 16.0 1033.6 6.70 42.6
D2 116.5 16.0 11164 7.25 43.8
Fresh weight (g) Dry weight (g)
Treatment Shoot Root Shoot Root
CON 914 16.4 9.83
iX CPS 91.1 155 9.77
D2 101.2 16.9 11.48
CON 97.1 17.0 10.33
X CPS 107.9 16.7 10.73
D2 121.4 23.7 12.81
CON 106.5 19.8 11.32
1X CPS 107.8 189 10.51
D2 124.7 26.8 14.01
CON 90.5 149 9.67
2X CPS 96.8 15.3 10.67
D2 103.8 17.8 10.78
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Fig. 5-10. Changes in plant height of hydroponically grown cucumber plant
as affected by the concentration of PBG nutrient solution with treating
microorganisms CPS and D2 integrated to alginate bead at 35 days after

transplanting.
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Fig. 5-11. Changes in leaf area of hydroponically grown cucumber plant as
affected by the concentration of PBG nutrient solution with treating
microorganisms 'CPS’ and ‘D2’ integrated to alginate bead at 35 days

after transplanting.

= AgTolA va H& dFolvi (s 5-12). Asky AT A, 14Xl =
VAEHI =] Aol FHgle] A dAT FUHEFS HIonh 12X 1X9|
oA D2RlEA g7 A4S 2898 VIFoR & SUHE RATHE 5-13).
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Fig. 5-12. Changes in shoot fresh weight of hydroponically grown
cucumber plant as affected by the concentration of PBG nutrient solution
with treating microorganisms 'CPS’ and ’'D2’ integrated to alginate bead

at 35 days after transplanting.
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= FAE s Aol
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Fig. 5-13. Changes in root fresh weight of hydroponically grown cucumber
plant as affected by the concentration of PBG nutrient solution with
treating microorganisms 'CPS’ and 'D2’ integrated to alginate bead at 35

days after transplanting.
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Fig. 5-14. Changes in root activity of hydroponically grown cucumber
plant as affected by the concentration of PBG nutrient solution with
treating microorganisms 'CPS’ and 'D2’ integrated to alginate bead at 35

days after transplanting.
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3 21 vAEY] AE A olygk A8l uwEkA Ao 2 A YEhdTh
¥, 1996; Zhang %, 1997; Lazarovits®} Nowak, 1997). dutzx o2 okl AguE &}
A e Sddd s A Ee] A9 (vt Azbeta lov dAAlRE Ede] HlsjA
He oAt o] Al B XdFEe] A ulA], v, Al aw B
g ol A e Aem ®Bauwa vk, 1991). ol# g <+ MAEES
SHAA, F71 D AA =g TR FoEHo friE wiA, e g BHE
S 9gddoz Aozt (Barber®t Martin, 1976; Sauerbeck® John, 1977). ol A
FEE AA FFPNE T F 20% A= BYNA frIE dEHE EujEc
(Baber®} Lynch, 1977). o]t ©F3sl&Eo] & o|F 1 et ofuxits 7%
2 3fo] yg &y Bl A /A 2~ 9] H]&(carbon/nitrogen ratio)S AlAF3E A-$ oF
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i
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ot a8y, dFY AT, E3] Pseudomonas 5& E % 113u)x
w72 Fol At (Rouatt} Katznelson, 1961). Newman % (1981)9] Hiio] <]t
F+e] 407) Aol A MHAI Plantago lanceolata®) ¥e] EH| 9= AFFol of
3l A 79 H]&(the fungal to bacterial ratioes)S 2F 0.28714.0 A=t X 113s}
otk Aol E AR AL EdA ] nste] nAE FHe T
7 A eR e 1 g 2AFY e AR dEA UtH(Prices, 1976, Lynch,

1982; %, 1996). =A< mAZo] Male} FAMG I HEo fR THE E5hH,

14 33 A
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PEAdEA BTy S AAstE nAERoR AN oW A=Y AFS
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Schippers, 1989; Ly, 1991; &', 1992; ©], 1995; #, 1995; Vogtet Buchenaver,
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d 2 Ad=E F e AdAhel FF dAHe U= 54% AvhSchrothet
Hancock, 1982; b, 1988). webA, & AL o ¥ &
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Rnom, Aol ALEF TAKERE QoN(FFT L AW HHE, TEFR)S EvtE
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Fig. 6-2. Changes in phenol content of nutrient solution with cultivating

cucumber and tomato plants
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HEo L ¢ol9t EntE Z+ZF 0.947ppmT+ 1.006ppm
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ol9} EmtE ] AufAl BF7|Fbol]l Zpzbe] AlZ|E R BRS A7 F o] vigA S
Aolgstel Y AES AwstdS W veue 454 UEd Aol 457
I v eFet o] Aol GAl AS 1559 wigHel A AAHAE stAS A 4F ol
S AR Ao AsEY 53 AS UErdAT AF7]ke] Hojx =
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Table 6-1. Growth characteristics of hydroponically grown cucumber

plants transplanted to reused nutrient solution.

No. of Stem Leaf Leaf
Plant . . Chlorophyll
week . leaves diameter length width
height(cm) (mg/gFW)
(ea) (mm) (cm) (cm)
1 113.75 14.0 12.94 27.55 25.87 43.52
2 103.30 14.0 12.13 27.35 26.55 52.00
3 95.25 12.7 11.70 25.07 23.05 51.15
4 91.25 12.7 10.86 23.65 23.17 52.37
5 79.75 11.7 8.72 19.88 15.63 49.97
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Table 6-2. Growth characteristics of hydroponically grown tomato plants

transplanted to reused nutrient solution.

Plant No. of Stem Leaf Leaf
. . . Chlorophyll
week height leaves diameter length width
(mg/gFW)

(cm) (ea) (mm) (cm) (cm)
1 83.75 15.3 7.82 39.5 37.00 50.97
2 66.50 13.5 7.80 33.5 23.25 47.80
3 65.25 12.5 6.92 29.5 19.75 46.25
4 64.75 13.7 6.70 26.5 18.75 46.12
5 63.50 11.7 6.07 26.0 16.50 42.82
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Fig. 6-3. Root activity of hydroponically grown cucumber and tomato

plants transplanted to reused nutrient solution.
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Fig. 6-4. Nitrogen content of cucumber and tomato plants transplanted to

reused nutrient solution.
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Fig 6-5. Phosphorous content of cucumber and tomato plants transplanted

to reused nutrient solution.
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Fig. 6-6. Potassium content of cucumber and tomato plants transplanted to

reused nutrient solution.
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Fig. 6-7. Calcium content of cucumber and tomato plants transplanted to

reused nutrient solution.
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Fig. 6-8. Magnesium content of cucumber and tomato plants transplanted

to reused nutrient solution.
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Fig. 6-10. Nitrogen content of cucumber and tomato plant hydroponically

grown in new and reused nutrient solution as affected by microorganism

CPS and D2.
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Fig. 6-11. Phosphorous content of cucumber and tomato plant

hydroponically grown in new and reused nutrient solution as affected by

microorganism CPS and D2.
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Fig. 6-12. Potassium content of cucumber and tomato plant hydroponically

grown in new and reused nutrient solution as affected by microorganism

CPS and D2.
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Fig. 6-13. Calcium content of cucumber and tomato plant hydroponically

grown in new and reused nutrient solution as affected by microorganism

CPS and D2.
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Fig. 6-14. Magnesium

content of

cucumber

and

tomato

plant

hydroponically grown in new and reused nutrient solution as affected by

microorganism CPS and D2.
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Fig. 6-15. Root activity of cucumber and tomato plant hydroponically

grown in new and reused nutrient solution as affected by microorganism

CPS and D2.
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Fig. 6-16. Phenolic compound content of cucumber and tomato plant
hydroponically grown in new and reused nutrient solution as affected by

microorganism CPS and D2.
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Fig. 7-1. Diagram of the 'Oxybed’ structure developed
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o A3 9 1%

Table 7-1. Growth characteristics of hydroponically grown cucumber plant
as affected by treating microorganisms CPS and D2 integrated to alginate

bead at 60 days after transplanting.

I
Plant height VStem No. of leaves nternode Leaf area
Treatment diameter length 5
(cm) (ea) (cm?)
(mm) (cm)
CON 245.3 ab” 3.8 257 b 98 b 5764.3 b
CPS 234.3 ab 3.8 26.0 ab 94 b 5211.2 ab
D2 279.7 a 4.7 277 a 112 a 6526.0 a
Fresh weight(g) Dry weight (g)
Treatment
Leaf Fetiole Stem Root Leaf Fetiole Stem Root
CON 188.3 b’ | 655 b 972 bc | 48.0 ab| 231 bc| 38 ab| 94 bc | 49 b
56.1
CPS 171.7 ab b 92.7 ¢ 46.0 b 21.7 ¢ 34 b 88 ¢ 49 b
a
D2 2103 a [698 a| 1134 a 63.0 a 271 ab| 42 a 110 a | 67 a

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

CPSSI D27b 2018 JFgel 22k 2719 F71 2 F/o 432 HRAe @
o AnE Egz olFel FFAM 2olo] FAAMA, AEH FAFAN vAE
FYe ohuma vk ¥ 1e 44 L A 609 F 24z YR BjF A%

i

2 ogsues gebd otk 24 Dowl= Ael oA 27972 CPSHIE A el
o tzol e 30cmeld ZA vEwten, 47 wad #A et 44w D2

HEA el A HETRT 20 o4 wgon], o= @uAe] HFuow 2 Fge
A Agel A e DS el g 2 deksh 2 ey 4

ANF D AEF) Ao E D2 = A FollA] E=9kt)
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Fig. 7-2. Changes in plant height of hydroponically grown cucumber plant
as affected by treating microorganisms CPS and D2 integrated to alginate

bead.
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Fig. 7-3. Changes in internode length of hydroponically grown cucumber
plant as affected by treating microorganisms 'CPS’ and ‘D2’ integrated to
alginate bead.
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Fig. 7-4. Changes in 10th and 15th leaf area of hydroponically grown
cucumber plant as affected by treating microorganisms CPS and D2

integrated to alginate bead.
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Table 7-2. Effect of microorganisms CPS and D2 integrated to alginate
bead on the fruit growth of hydroponically grown cucumber plants.

. o Avg. fruit .
Fruit length [Fruit diameter|Sugar content Avg. fruit
Treatment (cm) (mm) C Bx) number ioht (g/fruit)
cm mm . Bx
(ea/plant) weght te/ir
CON 245 3.7 3.8 56 202.4
CPS 24.1 3.7 3.9 6.2 198.0
D2 25.1 3.7 4.2 7.3 205.6
12
——CON
Ewof s
g 2
5@
g ol
g . M/// '
0 eI
121 15 1® 22 26 211 21
Tirre of day

(9)

Total fruit weight

22 26 21
Time of day

216

Fig. 7-5. Cumulative fruit number and weight of hydroponically grown

cucumber plant as affected by treating microorganisms

integrated to alginate bead.
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CPSHI= Az FollA o] B 3o® AL
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° 1@ ®
o1 !

121123125127 129131 22 24 26 29 211213 216 218
Time of day

No. of fruits (ea)

Fig. 7-6. Changes in fruit fresh number of hydroponically grown cucumber
plant as affected by treating microorganisms CPS and D2 integrated to

alginate bead.
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Fig 7-7. Changes in fruit fresh weight of hydroponically grown cucumber

plant as affected by treating microorganisms CPS and D2 integrated to

alginate bead.
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Fig. 7-8. Diurnal changes of photosynthetic rate of 15th leaf as affected
by alginate bead treatment with functional microorganism strengthening

plant root in 30 days after transplanting.
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Fig. 7-9. Growth characteristics of hydroponically grown pepper plant as

affected by treating microorganisms CPS and D2 integrated to alginate

bead at 60 days after transplanting.
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Fig. 7-10. Root fresh weight and leaf area of hydroponically grown pepper
plant as affected by treating microorganisms CPS and D2 integrated to

alginate bead.
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Fig. 7-11. Total number of fruit and fruit weight of hydroponically grown
pepper plant as affected by treating microorganisms CPS and D2

integrated to alginate bead.
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Table 8-1. Relative changes in the fresh weight of cucumber roots cultured
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Table 8-3. 2019 2% AP A9 H-ATPase &4 %o th3 Trypsin T3

L o] il =

Control |Alginate| CPS D2 Control |Alginate| CPS D2

+Brijb8 | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%

+

Trypsin | 157.2 196.3 1447 184.1 133.8 1164 103.1 1034
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Fig. 8-5. RNA gel blot analysis of H'-ATPase and 14-3-3 mRNA of

control and microorganism treated cucumber roots.
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1}, TAA detection

1) salkowski’s reagent W& ZA 3}

A A o, de g Al ato]l Al el Ao Hdle a¥E X
At olv AFYHoZ o] Fojrojof H1uo §8&S Holv ZoR FAukxr, 7
AE MAITE E437] A3 HAE wA A A v AAETS wjYgT Hg u el
A Edo] EHEA gE AS STt weba FH A (MY)l TAA A+
AN ERHERS HIFste] w8t
Tablel0-1. 40A13+ ¥l F F salkowski’s reaction
Strains&standard Carbon source OD(600nm) | OD(B3Bnm) | OD 1 71+
Glucose(2mglml) 1.4698 0.021 0.014288
) Glucose(2mglml)
E.coli XL 1-blue 1.2284 0.078 0.068497
tryptophan(200ug/ml)
Tryptophan(200ug/ml) 0.1676 0.0501 0.179594
Glucose(2mglml) 1.5082 0.0062 0.004111
pseudomonas. sp| Glucose(2mglml)
1.2129 0.5185 0.427488
CPS tryptophan(200ug/ml)
Tryptophan(200ug/ml) 0.1219 0.1844 1.512715
Sug 0.087
indole-3-acetic 10ug 0.2015
acid(IAA) 25ug 0.8908
50ug 0.7966

Aoz dH AT wEbA wlg 40ATHS
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Fig. 10-2. Cultivation(IAA ¥4 %S ZAh) A: CPS, B: D2, C: Standard.
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Tablel0-2. Microorganism population of root surface and others

ROOT(10%cfu/ml) Rest(10°cfu/ml))
CPS 100 +16.26 20 +2.82
D2 122 +23.64 48 +7.96
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IAA E4% 5% gls 98ty 7o =2 4htth CPS, M1, D2 wjd oA ] TAA

standard®} L3 Al 7Fol| peakE F2lsti JAAE FEEslg o HAFEAS F3)9]

ZF Aol AZFE JAAFS Area 992 B89 H(E 10-4). salkowski's W
4S5 %3 A= indolic compound®] %S & ¢ Qo AEI JAA Fjo] I

PLCE &Fsto]l vlFAIZPE 2 TAA A =FS vussith. CPS+ 10ug/ml 8=
o] IAAS At en, 7 A3 salkowski's WHS-ZA TS FALSE Aoz UEbyt
t}. CPS mutant] M1 4$ 50% IAA @A o] S7k3kS ®wlth D2 #59 4
- salkowski’'s ¥FE-7t3} HPLC Z¥ol= @ Xpol7F UAth. 53] 12041 7F 8 A
o salkowski's Z¥ Rt} 2e 72ug/ml IAA XSS B9 ow, HPLC peak & H
= CPS, M1#5¢ ZA¥e o2 s o® st oy} TAA retention timeo] = W
o Atk ol W=t A WAEY] AY F& ZAPARSL Z2 o Hozl
=3

o
2
an
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Table 10-3. HPLCo| A}-& ¥ external standard

IAA Conc(ug/mL) | RT(retention time) Peak(AREA) Peak(HEIGHT)
1 4.399 17488 2442
4 4.38 73652 9865
3 4.376 154228 20103
20 4.374 406783 51599
60 4.389 1186709 153766
100 4.391 2009746 256947
Table 10-4. HPLC result ¥4
CPS AREA ug/ml
24hr 111147 17488 6.355615279
60hr 148304 17488 8.480329369
120hr 179701 17488 10.27567475
M1
24hr 164383 17488 9.399759835
60hr 197051 17488 11.26778362
120hr 253739 17488 14.50932068
D2
24hr 511674 17488 29.25857731
60hr 985445 17488 56.34978271
120hr 1261352 17488 72.12671546
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ol ZE He A 4 VT U VHBHEZDY ¥

D IAA Agd BE A% W5 H'-ATPase EAE W3t £4
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A el wel Qolo JAAE AMeEste] A wstel ¥l AP dwe] H-ATPase
e Wglel mAE 29E AR TAAE 01mg/Le] w22 i A
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S Ozl HlE) 49%, TAA AP 78% o AT T7HE EATHIE10-5).

4 4% =4 A3 CPS Agae A2 & 237 H-ATPase &4 %7 7V =

Jl S‘% g e
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et oA 4574 MAES HEsHA 2
frAstg Tk D2 AgTe 259 3FAE dxu
Ao, 4FAd = e Auwse] FHET BF
4 e H-ATPase $4%E5 RATHLH 10-4). 28402 CPS, D2 9
Sol IAA AT FdaiA R AAFH R 4949 H
T7E BdE Btk o Aiks FE0] AEN Lo R [AAS EHE
o] zZt& B A&y T4 V)5S EXEn ARHor B A&E HXNAIE

Ao FEHT

L
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Table 10-5. 2] B2l 9 AAF M3} (% relative to control)

CON D2 M1 CPS IAA
25 100 33 75 76 39
37 100 100 135 85 116
45 100 149 136 118 178
500
—4—CON
450 | PR
400 | —&—CPS
2§ 350 | —O—IAA
55
S 8300 |
© 4
® o250 |
e & I
£ 5 200
< g
) S 150 ¢
a E 100 |
50 |
0
2 3 4

Cultured period(weeks)

Fig. 10-4. Activity of plasma membrane H'-ATPase in roos of

cucumber grown in the pot
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Fig. 10-5. Western blot analysis of plasma membrane H'-ATPase

cucumber roots
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3) 20| By 7T A dIe2A HAE] EHFEF 25 VT AU

7h) Q0] XA AFo| sk TIBA(2,3,4-Triiobenzoic acid)x & &34}
nAEol A EuE A edol TAAYS Fetr] 9T dPo=

auxin transport inhibitor?l TIBAE wAEZ} 7 Qo] ¥ Xt TIBA
5 lmg/Le s=& vAE A7 18 Fol o] At dlxwre] TIBAC]
o A Asi7E detuA gk mebA TIBA A2loll o3t BAAs avs=
TIBA Aol o 25 2Ql &7k ofel TIBAC < 2541 75 Adk &l
g Ao #Addd F 9dg Folth F, Img/L %9 TIBAE A& AA o &

A AEel G FA da Rl T TAAS FEE Adde & 7 A

facs

o A EA FAH IAAE A3t o]E positive control® X1 v AY
2 FAE kit IAA A F 249 Auig Solo] Hg-ol A
B} A g AdEol 48% F7hstlow TIBAE A 2ldh F-9o= tx
AFES YERAT TAA AT YERT 48%°] A% T7HE2 [AAC o A4
Byt dAddEn CPSe Adgole dxzadit 19% 4% =2 Ades B
TIBAE A3 4= IAA A sdatA dxadt a3t 4SS JeEdd
al CPsell 93k A& S7H7F TIBAC 98] Af=HAS vttt (L€ 10-6, 7).
% 10-69 A¥= TIBA A 159 $9 A4 do] Wzt Ayelm 19 10-7
= Al 7)3EEke] A EHAH Q] AFRE Aole] WEtE: et o] Al o3
CPSollojal] #Hle A Edo] IAAYS At 19 10-67 10-714
D2 Agae mAEA g TIBA AgtolA 2% gizarmo e A4S 1Y
th ol D2 w3l o8] EnlE kel 1AAC od) Aol AslE oz e
Atk o] A3E EUiE D2 Aol taid TIBA $%E bmg/LE A glste] A 4
de AASATH(LE 10-8). CPS9F vizb7kAl= D2 E=3 TIBAC] s Aol D2
TR A LHT 40%8 %= A AT ek D26l o3 wHlE YA

d
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}) AL 2 TIBA(2,3,4-Triiobenzoic acid) A& A & ¢ H-ATPase
g4z Hst

25Tl A Ak Q0o Ag G4 A=V xR D2, CPS, IAA A ¢

o] 20%-40%78 = S7Fetith TIBA Age] 49 D2, CPS A3t dxd

AFSHAl YEFE oY TAA Al dE2aE 20% st s

o
’
B 10CR 45 4 AP ol YET Brks 5 FAEES Ho|

160
140 F
120 r —
E
= 100 |
o
- o
W oe 80 f
1o
X 5 60
<
&e 40 B
20 F
0

Fig. 10-6. Comparition of relative changes in the length of cucumber

shoots grown in pots( T: TIBA treatment).
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Fig. 10-7. Relative changes in the length of cucumber shoots grown in

pots(T : TIBA treatment).
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Fig. 10-8. Comparition of relative changes in the length of untreated and

D2 treated cucumber shoots grown in pots( T: TIBA treatment).
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E .0t

o = (25C) TIBA A & A e A (10T)

Fig. 10-9. Relative activity of plasma membrane H'-ATPase in the root of
TIBA-treated and Cold-treated cucumber. ( TIBA treatment for 7 days, Cold

treatment for 7 days)

- 198 -



A 11 2 =7} A Housing system(bead)2 Z jujj 3t
2Z9 AP 7|v &4

1. 7t A 9] housing system(bead) & & A3

7t A3 54
AAAe] pot A 4 Aol o3 MS101 EFARFH A CPS
o} D2 tgt housing system(bead)S ettt &% housing system(bead)
of g FrklAe Hadd T84S A 98 w7F 2AdA Y AEAAS

ERE T

s

2

5 2 9

T3 B SlerEel A FrtelA 2AHS tHedke] housing
system(bead)sld D2, CPS, M1E fieldoll 214 A& ste] 2ole} 1F5 AH]stS
ol AMEE Z Ao A dEHet Ae &4 7es& A AT

ofd

A

12

=

o A3 9 1%

1) &7FAlA Aujgk ZES A v
a9 11-12 o= 2HAA AFES AT Aot s7F A48 Aol
Qols} nFE tFew dPstda e AR dolsk Heo AATE =
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< 7 =2 29E dEdd a3 Fee Ay 45 Fol ZE s A
ol A 10%017d S7Fe WEt Aol Ae] &)zt Aol 2el B A7)t
Auisto e AHs Fato] AAe] s defetivh. e Fd e AgolA
= Lo, 1F BF dE2ad Hmd ] s A dHS 2t 11-2)

Fig. 11-1 . 339 47T J2F 24 49

Table 11-1. 7t A AJuja Qo]s} ;3] A g% Zo| Wa}

2.9] field sample A4+ Z o] I3 field sample X A4H Z o]
(% relative to control) (% relative to control)
CON D2 M1 CPS CON D2 M1 CPS
55 100 119 119 112 4 100 105 100 101
= 100 106 108 37 6F 100 111 103 104
95 100 112 111 108 8F 100 102 95 96
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Table 11-2. &7t A Aujg 0] ¢ mFo] B AAF W3}

2 9] field sample fresh weight 1F field sample fresh weight
(% relative to control) (% relative to control)
CON D2 M1 CPS CON D2 M1 CPS

55 100 122 105 103 4

ol

100 111 113 110

= 100 121 101 84 65 100 113 109 113
95 100 123 113 119 8 100 102 94 101

Fig. 11-2. 57} AuldlM £33 o9 nx
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2) H'-ATPase SAEE F4 o2 3 209 13 Wy 7% &4
u] A E 9] housing system= AlHE7lel]l AA HE&317] §5te], Qo] 1

FE ool A AuMAA Bt F7he] fieldd @2 A ANAM ] potd F 3t

T &

o] 27] Aol tudlth 2HA IHENR BAdTS AAG T 4FARE 2F
o @A AEAZRE PYE AFHsAT 15 A 2da AdAe A=
QolRttE H-ATPase #4¢] d ¥/ velwon A5 =3 vAE Hgdel 9
ZA ettt 2y 571 fieldo] AEAAE 2 =)
Ae mAE Aol MAES AgstA ¥ dxarel Hls] 10-20%8 = &
Btutou, H-ATPase @70l SlolA = potoll Al A 4-¢-oh= Ads] v ¢

At ol9 A 55A= BE A wrzke] H -ATPase 4] #< zto]7}
sllem, 734 D29k CPS7F Eskom 9FAol= A o7t YeEA] ol 1.3l
th 259 A$ vV R 450 dERate] nAE AHEliryd H-ATPase &
Aol o Egon, 654 MAE AYTES H-ATPase 4o ozt ¥ &4
Uetdt 8F Al e AETEe] 4ol Hlzaidith. H -ATPase 4ol Ho
AE Qole] 9F 9k o] 8F VIFHE ZF AEA A #HAo] Wy AlFst= A7) ¢}

dx|eoh(1d 11-3, 4).

=

)

3) WY 7% T4 4 B4 H'-ATPase f342 2@ £4-dA &
AgFEdaMe 22 4

24 pot A} wpRIMAZ MR A2 7t H -ATPase f+dAF &0
S Fo] Ho g4 & = WElE S E=XE RNA blot analysis®t IHAE o] &
3l western blot analysis® ZAMSFATHZ® 11-5, 6). RNA blot analysise 23}
H -ATPase HAAAIEe] D2 A § 75 Qo] oA F7tHAL 957 A
oA F7tE FEE BAH CPSe A5+ vAd= Ag & 7F o 1 dAb=Fol

ZAhalT ia BAES AIAE CPSS D27t TRIA e dAe e
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ol

Fig. 11-3. Activity of plasma membrane H'-ATPase in roots of cucumber

grown in the field.
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Fig. 11-4. Activity of plasma membrane H'-ATPase in roots of pepper

grown in the field.
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I F7F o] H-ATPase DA = W3yl §AFsttl. Western blot analysis
A} 2ol Awl 71 ok @Ay S S B3 CPSE 74 9
Aol v vluTEd Hl&| Frhetth. 159 A+ D2HYTS 4765 T

G CPSE 476597 LFA /b B eudge Bad & o

of

Lo

A 5 F 7F 9 F

CON CPS D2 M1 CON CPS D2 M1 CONCPS D2 Ml

w02 | o e O W

rkNA

B 5 75 9=
CON CPS D2 M1 CONCPSDZ M1 CONCPS D2 M1

woarrase | B e e iR S we S |

rkNA

Fig. 11-5. RNA gel blot analysis fad2 mRNA and H'-ATPase mRNA of

cucumber roots grown in the field.
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Fig.11-6. Western blot analysis of H'-ATPase of control and
microorganism treated cucumber roots(A) and pepper roots(B) grown

in the Field.
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1. #F 5%
CPS ¢ D25 diddl A& = AE e+ AEALAME(KCTC : Korean
Collection for Type Cultures) o ¢+ 71€H(7] g2} =) 4 8))s} 3 o}
2. AAES AT 712 ZAF
1 "AES HAE3E f¢ #FEY dFALL AA &4
715 dFEd de Ay Ves FAS F FES Be wrtel BEst
7] A= o= AL AAE gystolof st webA it ZEol tiste] A
ol ok CPSuF9 gL Alkesttt. 7L &% WaxE Agsto] &
TS 1% HF3sta 30CoA 150RPM L2 204 3F v 3t t}. v Al Zkelt} sampling
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#i ODglel 328E HUX 1 ¥ FAhse Aoz mFol  dubAQl
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FlIg. 12-2. Bead and freeze-dried bead

=74 7AZ4H beadd A& 717E ZAYEY] 93] beadE WA FE

=

Azstel 579, 1809 Fo 2ol MARSE sk £ beadE

Table 12-1. Freeze—dried bead stability test

PR
AR

LB(/1g) LBAP(/1g)
CPS(f/d) 3019%10" 1831.5%10"
CPSGAL)(f/d) 1999%10" 1220.5%10*
CPS(1870€)(f/d) 391.5%10" 345%10"
CPS 170¥ (bead) 1217%10" 782.5%10"
CPS (bead) 2858.5+10" 784%10"
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