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Effects on the Soil Microbial Diversity and Growth of Red Pepper by Treated Microbial Agent in the
Red Pepper Field. An, Chang-Hwan!, Jong-Hui Lim!, Yo-Hwan Kim!, Byung-Kwon Jung!, Jin-Won
Kim?, and Sang-Dal Kim'*. 'Department of Applied Microbiology & Biotechnology, Yeungnam University,
Gyeongsan 712-749, Korea, ?Yecheon Agricultural Technology Center, Yecheon 757-802, Korea — We investi-
gated the effects on soil microbial diversity and the growth promotion of red pepper resulting from inoculation
with a microbial agent composed of Bacillus subtilis AH18, B. licheniformis K11 and Pseudomonas fluore-
scens 2112 in a red pepper farming field. Photosynthetic bacteria, Trichoderma spp., Azotobacter spp., Actino-
mycetes, nitrate oxidizing bacteria, nitrite oxidizing bacteria, nitrogen fixing bacteria, denitrifying bacteria,
phosphate solubilizing bacteria, cellulase producing bacteria, and urease producing bacteria are all indicator
microbes of healthy soil microbial diversity. The microbial diversity of the consortium microbial agent treated
soil was seen to be 1.1 to 14 times greater than soils where other commercial agent treatments were used, the
latter being the commercial agent AC-1, and chemical fertilizer. The yield of red pepper in the field with the
treated consortium microbial agent was increased by more than 15% when compared to the other treatments.
Overall, the microbial diversity of the red pepper farming field soil was improved by the consortium microbial
agent, and the promotion of growth and subsequent yield of red pepper was higher than soils where the other
treatments were utilized.
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2 Aol ARE A= AEAAER] 3289 auxindt
AEH AT S-S A 3= siderophores AJAFSH=
PGPRS! B. subtilis AH18[11], B-glucanase$} chitinaseS- AJ
AbS}= B, licheniformis K11[12]2} 2,4-diacetylphloroglucinol
(24-DAPG)#} 37 AE# 2 A4 ACC deaminaseZ A
3= P fluorescens 21127} E3E AXA|Y v AEAA S
AY2-3t9 917, 23]. B. subtilis AH183} B. licheniformis
K11 #5¢ ¥jeF-2 LB (Luria-Bertani) broth (Difco Co.
Detroit, MI)ll 180 rpm2-& 37°CellA] 397 wiekallx, P
Sfluorescens 2112 2] v ¥ LB brothell 180 rpm o E
30°CoA 397 whFslsAe.

BEX| AMBEZZED AEEE Y LAY O|ESHAN =2

AAFF IAS-BAY I3 (Capsicum annuum L.)2] Ak
FE 800 75 AAEE AA] AE odddistae] Azl
W3t 23x33 me] AFEA A 2] I AAEIH. 22T
= B. subtilis AH18, B. licheniformis K113} P fluorescens
21129 E3HEFe] AaA4 v]AEAA 221 7-(PGPR), A]
g2l A8 w|AEA A (Paenibacillus polymyxa AC1, G
ARl T A, AC-1)]1 A-8AIAl M=l 3Fehs2k(CAF D
AE, Agrochemical) 2]} &9 *12]3H(Only water) ]
T2 I3 5074 43]) whEsle] g os AA

CEE AETE 10 2R T 100 mLA RFAF
slodet. uAEAIAS] AHE 5 10° cfumLeE 3] A
2313z, A EAA] 2]} sfehsoF Al AAAL
4715l o2} A2skel

EQ AlRe AMF R =2 - EE 2N
Eoko] AR AFE 20104 79 190l S AAIEE Al
AS 71Ee= 7 Ag8=E 152 A4 A (non-planting)

A|BE E3sle], 30Y 7HFL 2 =9 EOFS 2-3 cm Al
Azt F, AFHOZHE 30 cm Zo|7pAe] 13 TH EoF
< 10 m 7H4E& T 43) WhE- A F3)890). AFH g =9 Al
B 2 mm EZFA (10 mesh)Z o] &3le] 2| AHE3F EoF A
BF 4°Col| YRR B A8 RIS A
3 72kA] EoF 10 g2 60°C ALeAZ7o A 484]17F AR
slo] ZAJs)5ITh(Table 1). EF A|89] o]3}shd A2 24
AIZFEQE 25°ColM 718 BoF A8 200 g& AT 5
7|1EAEel] o] =]3 e}

nFE ZAe EAN|YES U FH

IF FUE)S] F8 AR vAES] WATE A
%13 Actinomyces isolation agar (Difco Laboratories, MI,
U.S.A.) mediumellA] 28°C, 797t viokslsivt. Trichoderma
spp-2] Al dutAlEe] RS AAE7] 18] 50 pg/mL
% %9] chlorotetracyclineS % 7}t malt extract agaroi] A
30°Ce]] 7947k wieFsldet28]. B Al Athiorhodaceae
WAl (2100 28°C, 747 wioFst F HgaiA| A Ak A
2 Alpste] A A2 ZHel AMAlEaL, A8
el FAYIA ol = Azotobacter spp.i= Glucose agar
"l 2] (Glucose 5 g, MgSOy4-7H,0 0.2 g, FeSO,-7H,O 0.04
g, KbHPO, 0.8 g, Na,MoOy4-2H,0 0.005 g, CaCl, 0.15 g,
agar 15 g, 275 1,000 mL, pH 7.0)ol] 28°C, 77} wiek
ale] I AAA 0] sl HS Al SAsITH4).

A =g ojdEel g I £

E Yo} AbSA|FS (NH4),S04 0.5 g, NaCl 0.3 g,
K,HPO, 1.0 g, MgSO,4-7H,0 0.3 g, FeSO,4-7H,0 0.03 g,
NaHCO; 7.5 g, 75 1,000 mLE ZA1 ¥ 3 vl 2] (pH
7.0l 28°C, 747k wjekalda, opAAl ALEATH-2 NaNO,
0.006 g, FeSO,-7H,0 0.03 g, K,HPO, 1.0 g, CaCly-2H,0
0.3 g, NaCl 0.3 g, NaHCO; 1.0 g, MgSO4-7H,0 0.1 g, =
1,000 mL2 2% Fal 2] (pH 7.0)el 28°C, 74 7¢
ljokslo] Griess-Tlosvayr|fzh HESA|A WA El= 2)2ke- 4]
T3le] ST GiltaysiA|ol|A] ERlE o] o= Hby
e S Agsl dRATES SAEE14]. 37159

Table 1. Chemical properties of rhizosphere soil in the red pepper farming field.

Factors
| ) Exchangeable cation
Treatments pH Organic matter Av. P,Os Water contents
(] -5 Hzo) (g/kg) (mg/kg) (%) Exch.-K Exch.-Ca EXCh.-Mg
(cmol/kg) (cmol/kg) (cmol/kg)
Only water 7.75 17.83 222.5 17.4 0.63 13.83 2.73
PGPR 7.85 17.5 212.5 17.2 0.56 15.42 2.59
AC-1 7.61 18.67 180.25 16.8 0.71 10.48 1.71
Agrochemical 7.73 17.75 160.41 16.4 0.51 14 2.6

'PGPR; consortium microbial agent treatment, AC-1; commercial microbial agent treatment, and Agrochemical; agrochemical fertilizer treat-

ment.
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AAPAE FEolz APAATE A2 Ee] A
Nitrogen-free agar media (Sucrose 6 g, MgSO,4-7H,O 0.2
g, Na,HPO, 139 g, KH,PO, 1.7 g, NaCl 2 g, FeCl;-6H,0
8 mg, Na,MoO,-2H,O 3 mg, Thiamin | mg, agar 13 g,
255 1,000 mL, pH 7.0Y5 ©|-83}ed 28°Cel] 7U7t wieks}
04 FapA| ol Afehe s A3

7128l JlsnldEs et 2x 3
Afrisi-S YuITEA] Knopp'se] ¥eul<](CMC
10 g, NaNO; 1 g, Na,HPO,4 1 g, KCI 0.5 g, FeCl; 0.01 g,
agar 15 g, 55 1,000 mL, pH 7.0)ell 28°C, 7 7} wj <k
3l 1%2] congo red MHLE FHHE A3 colony
2 ASSARHE3] HEA QA Aol o 8 & A
3T odA7E-3F Pl ES glucose 1%, (NHg),SO;4
0.01%, MgSO4-7H,O 0.025%, MgCl,-7H,0 0.5%, KCI
0.02%, Ca3(POy); 0.5%, agar 1.5% 3l x]¢] 28°C, 3~5
A7k whekste] FHAE A3 colonyE A3t
Urease A AHA| T2 urea agar base (Peptone 1 g, dextrose
1 g, sodium chloride 5g, potassium phosphate Mono 2
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Fig. 1. Soil microbial diversity in the red pepper farming field by the treatment of consortium microbial agent. Comparison of
microbial diversity with non-planting soil and 6 months later soil sample. (A), Actinomyces spp.; (B), fungi; (C), photosynthetic bacteria;

(D), Azotobacer spp..
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AE dxel A F oY F2o nAE HEE vl
WA St, Trichoderma spp., B3 AT, Azotobacter spp.,
AR o} AR, oAl AbSIM|AE, A4 IAAE, A
T, A7 | S8, AR AT, urease AJAHA]

T F3 IF A=A 9] Equ|AE s vlad
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A 71eS EEll 5l EAvAEE SAUAE
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UTH36]. BEA Bofl 3 A Ao wATe] A
3.5x10% cfu/g soil® BE 2|77} vsslgdet. 28y &
Al F ol Fo W] Ags AR AEAA A
277} 1.1x108 cfu/g soil2 2elsef A2]7el= 5, & 3
272l ol =0ck(Fig. 1A).
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Algtolut Wizt Al=3te] IA M E 71 2 AT
Aleleh[30]. 52| Z=A| Eokel BA A Fge] A
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AW AP S 771 B9 7 eda &
= Jeh(Fig. 1B).

sFAAIREe] Alge 25 A4 A 1.1x10° cfu/g soil 2
EE ATellA TdskdAT A4 ol $2] FAAT
2 ALY v AEAA AT 1.2x10° cfu/g soil2 &
Ae]7He s, spshgef AR 2 o] Esker 71
A1 | AEAA ] Aol o)gt Eokm|AEL] FAAT
o] g F7HE el 4 dsdehk(Fig. 10).
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Fig. 2. The microbial diversity of dominant nitrogen cycling bacteria in the red pepper farming field. Comparison of microbial diver-
sity with non-planting soil and after 6 months later soil sample. (A), ammonia oxidizing bacteria; (B), nitrite oxidizing bacteria; (C), nitro-

gen fixation bacteria; (D), denitrifying bacteria.
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Dgema o o) )R] Sz ARG Brheel
ok @ sel Axste] A4A AN BAEANE
AR o EAuESS] TAWA, LA E E
Ae) 27k ol At 9 PAEA 52 AE #
&t WA, Trichoderma spp., B3 A, Azotobacter
pp2] WS AR AL BeiFo),

HLzg 048 U 24

A8 Bofe] AR F AAede B W v 9
3 &3] o] FoIA| 2L Qlr}. w3t Aol o5l &S] o
Fo AL 9l BEFAE Fo Aat AlEelAl Bl 3
SFA[L, 7]olt. 23] AA A EoFe| Ao kel Az}
A 3.8x10* cfu/g soilZ} el 152 A2 oY F
o2 Ael7e} vlwsl s w ZAAlg wAEARAZE 3.9x10°
cfu/g soil2 o} #2]7-¢} 2po]= ¢lslth(Fig. 2A).

oA Al A 7.0x10* cfu/g soilol™ A2 F &
AT, AEAA M7} shsbgek 22T vwsks
S o) 7.6x10° cfu/g soilZ 1.6-2.4v] Z7}3llc}(Fig. 2B).
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ol B]AEAIA] A7) 2.2x10* cfu/g soilZ AF-8AIA] A
g selsek AR 2-4u) A SAE ] A Y
vAEAA F52] 2|7t AR Boh wAES] tedS
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B A4A1 v EAAZE Gkt Aaest njAES 1
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Fig. 3. Rhizosphere diversity of functional bacteria in the red pepper farming field. Comparison of microbial diversity with non-plant-
ing soil and after 6 months later soil sample. (A), cellulolytic bacteria; (B), phosphate solubilizing bacteria; (C), urease producing bacteria.
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o] A AT A mAEAIAS] A=]F) 7.3
x107 cfu/mLE o= A2]7-H} 0.3-0.74 EUH(Fig. 3A).

A HEEHATE A QARES PE R e B
zgo] o] 83 4= QA B 7% AL Sl wAE([34]
2 2E A7t 25 AA A 1.0x10* cfumlLE 25
7ol fFARE £AE Bola, A ol $o] AR+
M) = A | AEAA A2]T7F 2.2x107 cfw/
mLE o2 X2]7He} 1.3-334 =7 S = %ckFig. 3B).

Urease AT 2% AA] A 1.1x10° cfu/mLE 2]
F 2E AT 2ol elih(Fig. 30).

I AR Boke] AAAE SA] $lskd A BE H
= 1158 EfuAE ook HstE v aly s &
AE 1150 vAES 25 A4 A A old 79 o
FEE vl S o 1150] nlAEe] tRd-E 25 A4
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(32101 eJ3hd w|AEAA L] M]7}F HZA] Bkl Tk
Ao S FTHI7IE A GAIEle] & d79] da
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A&7l mi-¢ Hgeithe RS BT Aol
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4 P AEAA 22T 33.8 cm 7P WICH(Fig. 4B).
73742 AW ZHE | om Holxl AL F7] ARE &
Az}, SAgke] F55 2 ElA ekl felgt 38 16]
< A=, A EAIA 2ot sesoF ATt 19.5
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14 A2 543 ch(Fig. 4C} 4D).
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Fig. 4. Measurement of plant length, main stem length, stem diameter and number of branches. The length from the tip to the sur-
face of plant, (A) plant length; the length of come first or central stem, (B) main stem length; the thickness of the plant stem, (C) stem
diameter; (D) number of branches; only water treatment (- @-), consortium microbial agent treatment (-O-) and commercial microbial
agent treatment (-V-) was treated 10° cfu/mL per a plant, and agrochemical fertilizer treatment (-¥-).
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Lim[24]e] X.rg} upe} zro] 2 Age] A4 n|AE
AAE ABAAFREAA & A AVsl= B subtilis
AH18, 3 AEHAZE 714A]7|= ACC deamicaseE YA
3= P fluorescens 2112} B-glucanase, chitinaseZS- At}
= B. licheniformis K118] 3152 452 5] 15
o] Aol Qo] 24, F4A, A7 EAG AFA ==
A JE T Ao Hedxly,

[‘z,
o M

#aNe| nasety =8
Sglere 2t A2l 7ol 58 e 13 E Pl
A
q

FAE Jepi e 2 v AEAA Ao AxF
2F 124 g/one plant, 3352 AZF3 115 glone
plant, 43-8AIA] Ae]7= ZZ2F3F 108 glone plante] L =
2|74 107 glone plantS 8319} o] Ao & A=
T-of vlasl] Bed A mAEAA7E 15.8% F71H8H
3, 3psbsek AT 74% V), A BT AT
0.9% F7F2 Z12A|Q v AEAA7E o2 X2 FEe Tl
olife] F7Ist S A 4 SdTh(Fig. 5). =3h &
Fe] B 2Ee] S AAlel o ks Al 16].

AR EFe] AYAFHE pHO A5 6.0-6.5, F71EF
2F(organic mattery> 25-35 g/kg, 7H8-A QJAHP,0g) 150-
250 mg/kg, 218 Fol& ZF(Exch.-K) 0.65-0.75 cmol/
kg, X3 oFo]& ZHr(Exch.-Ca)y 5.0-6.0 cmol/kg, X|3F
A oFol& w2 % (Exch.-Mg) 1.5-2.0 cmol/kge| v}, £
AFARE A7) AR 92} v 23lolS o Table 1

ollA pH, f7]E&(organic matter), S~2-3%5} exchangeable
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Fig 5. Measurement of the crop yield in red pepper farming
field. Evaluation of the dry-weight yields was five time measured,
and yield was divided number of plant objects. only water treat-
ment (-@-), consortium microbial agent treatment (-O-), commer-
cial microbial agent treatment (-V-) and agrochemical fertilizer
treatment (-V-).
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