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Effect of Effective Microorganism Applications on Growth,
Yield and Fruit Nutrient Contents in Hot Pepper

Yoon, Seong-Tak - Kim, Young-So * Lee, Myung-Cheol - Kim, In-Sook

The aim of this study was to determine the effect of effective microorganisms
(EM) on growth, yield and fruit nutrient contents of two cultivars (‘Muhanjilju’
and ‘Daetong’) of hot pepper. The number of injection of EM cultivated are 6
times from the pepper plant seedlings until harvested in both cultivars. Stem girth
was highest in the treatment of Lactobacillus plantarum whereas lowest in no EM
control. In ‘Muhanjilju’, the number of branches was highest (79.3) in the treat-
ment of Bacillus subtilis whereas in ‘Daetong’ was highest (119.0) as treated with
Lactobacillus plantarum. Yield of the red hot pepper fruits that sum of two
varieties was highest in the treatment of Rhodopseudomonas capsulatas (53.1kg
FW per 10a). Regardless of EM treatments, average yield was 8% higher in
‘Daetong’ than is ‘Muhanjilju’ (33.8kg vs 31.2kg per 10a). The incidence of
antracnose was lowest by the Rhodopseudomonas capsulatas treatment, which led
to the highest yield. As for the effect on fruit mineral nutrients, total N and
phosphorus concentrations were highest in the treatment of Lactobacillus plantarum
and Bacillus subtilis in both varieties, respectively. The highest content of total
carotenoids was obtained from the treatment of Lactobacillus plantarum in both
varieties.

Key words : pepper, effective microorganisms, growth characteristics, carotenoid,
capsanthin

* A 2}, Gt A 2 28] 8l (styoon@dankook.ac.kr)
= PE A FY7=AEH
wioe T 28 H THEH A



314 4T Y2 oW A%
I.AM =
153 eyl A &3 vhs, A%, sek @ st 2R AEA 10T AXPAH e
A1F 7)F Bt 3.5kgS & v]-9- Fof =ele] A A glojAe F 2 Fas 9
£ AABEAL AN 1FA TP AEH o ® aEt FEo] SHEIL e AA
ot FH A=, 2011). HZ A=A AATUKER]D) FHHAZANE oA ZASE 4H|AFe] 11
7HE AZE A AHRE B SUjAh 12THR7E ARG 2309 £& VMo E B
StaL =k A ZHFo] 9% E AA|staL 9lo] avlAbE TH R /by 5 FA AR
SUS O SABHL vk 2le RoFa QT AFAASF, 2009; A=, 2011).
IFE EFEE TRk ol FESHA ¥ Vitamin C= AFES] 208, 9] 2-3
2 w9 TS 30 o] uF AEQI capsaicinoid WOl PA T T A = Aol
.

ATHA 5, 2008; =, 2008). ut ole} thE Al 1Fo] W&ot HEolg} & 4 capsai-
cinoid= #AFSHE-8(7 &, 2008) H HIRHY A5 AR S Ao 715(F 5, 2008; Surh,
2002), AATAEL BaiojA 2 AR (3 5, 2008), HITH w3 5 A A
B 7K(Surh, 2002)7} & ¥ ofye} YA HHFES 9 5H(Yoshiok ef al., 1999) A=
g Fola AUA YA F7HE B3l AAHFE Fo]=(Kawada ef al, 1986) 5 1 7|57
°] AEH 2 At} g4kl 2Fgof BHEg 32 AAH L carotenoid= FH-3] 1A A

A Bag g Aedsrss she 2R AT oY dFERdA HeAx
ME}(Kim et al., 1998).
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AR T2 BEAEA7ISAE A Al eFste] Frlol £dstal e ddTEeR
F3d T (Rhodopseudomonas capsulatas), +‘vH(Lactobacillus plantarum), 3.3 (Bacillussub-
tilis) 2 E3} 22 KM(Korea microorganism)2 AMSSIH T B3+ 742 Pseudomonas
putida LSW17S, Pseudomonas ssp. LSW25R, Microbacterium aurum MA-8, Bacillus subtilis
KB-402 and Bacillus amyloliquefaciens, KB-MJK601 2 = o] it}

o Aes a8 ATl AT el FErAdES 13 A4 £ 58 13Y5EH 5
A1 8 7A7HA 63 ¥ 9 G AHIEIAT o] W wE= AElgE 4 100 &
1008) = 3] A4stod 1~23] wf ARSI 3ARH 6274 = Amw AL #jd Y SLe =
I 1.1 Hle2 45t AP TS ALl v = ATl oF 300m ¥ Al&skt rlE
AgAel B Tole sFe] = FF5ATH(Table 1).
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Table 1. Materials and methods of treatment used in this experiment

Treatment of EM*
Varieties Date of harvest
Date Dilution rate

~ May. 13 : SM* 1:100 ~ Ist : Aug. 2

~ May. 18 : SM 1:100 ~ 2nd : Aug. 4
Daetong ,

~ Jun. 3 : SCM’ 1:1 ~ 3rd : Aug. 10

~ Jun. 14 : SCM 1:1 ~ 4th : Aug. 18

Muhanjilju

~ Jul. 23 : SCM 1:1 ~ 5th : Aug. 25

~ Aug. 7 : SCM 1:1 ~ 6th : Sep. 10

“ EM - Effective microorganims
*SM - Subcultured Microoganism
¥SCM - Self~Cultured Microoganism
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o T4 o FHL (F)aLgute] o o g5t Zﬁs}oiq(Table 2). BxE
= A% AEg 100 B v S 42 200m e ¥ & £ F 2= 27T,
60% ©17g2] AujollA 253 FEAZ

F3ole} Ao FHA= E%HHZIOJ PDA(Potato Dextrose Agar)E ©]-&3lHom T4
EZE & 1Lo PDA 24g, agar 18¢gE E&sla IYHEH F A3l A F4= Table
29} 2t
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Table 2. Concentration of effective microorganisms used in this experiment

L Rhodopseudomonas Lactobacillus . e Complex
Division Bacillus subtilis . . z
capsulatas plantarum microorganisms (KM)
Subcultured 7 7 7 5
(cfu/nl) 5.3x10 3.1x10 5.3x10 1x10
Self-cultured 1.8x10° 2.0x10° 1.0x10° 3.1x107
(cfu/ml)

“ Complex microorganisms (KM: Korea Microorganism) consist of Pseudomonas putida LSW17S, Pseudo-
monas ssp. LSW25R, Microbacterium aurum MA-8, Bacillus subtilis KB-402 and Bacillus amyloli-
quefaciens, KB-MJK601.

T8 1F FolA FALZE 100ge BEFZ
3}od 45°C-4 Dry oven®l| 4] 48/\]@ AxAZ 3 vifste] A&

13| AsFAE 24, T4, AAA, 2%, EAT, 71/ HES 2AEAT ©
A ol & AR FERASE FA /‘]’\]’3}9\9\*‘53], Ao e 4
W A= wet 0~2071HA] ML= A3l 4 | §le 15FE 085, o1 A5 209

320802 FV)5HA T SAAE = SAS(v. 8.0, Cary, NC, USA)ZZ213-& o] &3}t
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I3 B8 B 3% 15 FolA 29 323k 0.0IN HCIL &0l 183 HA
g T SHRTE FASAT. o] F 65T AxT]oA FA et BiFE EFste] 48413 A
ZA1Z1 3 20mesh®] screen(0.9mm)ol BHFH T E it EHH Als=
A o] &H(Kjeldahl )2 HANT-N) FHF= BHsAT £33 Z38 AE 0.5g°]
Ternary solution(HN03:H2SO4:HCIO4=10:1:4) 10mE 92 & 35 A9 X A7]2L 200C |
Al 20~30% FSHAI] F, FA o R W A RS AFAANo. 92 AFsAT A FFT
E H7Fste] 100m 2 A #g T Inductively Coupled Plasma Optical Emission Spectrometer

(ICP)Z K, Ca, P, Mg, Fe, Mn, Zn % Cus E43I3th
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Carotenoid ¥4 A& &l 1F F7]&E 40 ARREHAUE WHY sdtA e
T2 3E AR 0.1g2 50ml conical tubeol] F 3] EtOH 20ml o] =21 0.2% ascorbic acidE 7}
F U B3 582 (trans-8'-apo-B-carotenal: SO0ppm) 1ml& Ho]F Th2 2580 )ol A
S5 FE F de B Al &4 A&shA Wasdn. 47l FEH 80% KOHE-
o Sml Fatod 242@B0C)olA 1023t HIF3 §E3-& AARE & A5 By kol

27 A&GsA WZstE e W4 & uk-so] AR H tubeo| FF Sml 2 hexane Sml2 2
2 &, vortex3te] 1043F 4C Al A4 1800rpm o= Y423t o
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Table 3. HPLC conditions for analysis of carotenoid contents of red hot pepper

Parameter Conditions

Column YMC carotenoid, 4.6x250mm

Mobile phase A MeOH : MTBE : water : triethylamine = 6 : 90 : 4 : 0.1 (v : v : Vv : V)

Mobile phase B MeOH : MTBE : water : triethylamine = 81 : 15 : 4 : 0.1 (v: v : v :V)

Flow rate 1.0ml/min

Detector 450nm

0% A/100% B at 10min., 50% A/50% B at 40min., 100% A/0% B at 50min.,

Gradient program . . .
100% A/0% B at 60min., 0% A/100% B at 65min., 0% A/100% B at 70min.

ol (hexane%)= micro-pipette &2 F3l 10ml v-vialZ2 &7 TS, 3}
o oA} FYUS = O Z hexane Sml S P vortex, YA ET],

HEESHAT. & 3He] A Fstal o] A T 29HA o] % v-vial
7] haxanes S 107F Ny gas® FF3FATE N, gasZ T3 58] hexane(F 15ml)
713+ MeOH : TBME(1:1, v/v; HPLC grade) 1ml& o] £+33] =20 T2, syringe®}
syringe filter (PTFE, 0.45um)E ©]-83}e] o3 & HPLC vialol] Fo} #4335t 40
AH8% A9k trans-8'-apo-B-carotenal in MeOH(50ppm), 0.2% ascorbic acid in EtOH, 80%
KOH, D.D Water, Hexane, TBME(1:1, v/v; HPLC grade)E A3} Th HPLC B4 =xHe
Table 33 2T}
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BAA, 7%, BATFAA A Fod ApolE HATh 53], FEe BAAPL
Azl 1= o) dS vetdi e F8 AT AAA0] 5.5emE M TSI
iz KMol 49emE UYERITH &35 JA o AE3E FE3F freldol dFEHAS
H FREF FF0] 65.670, s FFol 82.97HE HEFH UK Table 4).

o A3t Al 2AAT 24, 2Z SRENE FFL Ao AF

_%_
EhpA] Fgkouy dAE|ztdls gt dAE HoFa vy 53] I A=
3 #4474, ATl gE ATl HlsiA =AU TH(Table 4).

FN'

Table 4. Growth characteristics affected by application of effective microorganisms to hot
pepper plants

Plant Stem |Main stem| Plant No. of Shoot/root ratio
height girth length width b ) h
Variety Treatment (cm) (cm) (cm) (cm) ranches | Fw basis | DW basis
(%)
Control* 92.2° 43" 3L1° 107.8* 54.0° 7.3 4.8°
Rho.” 101.9° 49 323° 115.4° 63.3° 11.6° 73"
Muhan- Lac. 104.4° 45 33.7° 113.6" 69.0° 12.4° 10.4°
jilju
Bac. 100.0° 46" 316" 116.6" 79.3° 11.8° 8.9°
Complex 99.4° 4.5 2.7 97.2° 62.3" 11.1° 8.5"
microbe (KM) ’ ’ ’ ’ ’ ’ ’
Control 101.1% 5.5% 35.4° 108.3" 79.7° 8.9 5.5°
Rho. 114.2° 6.1° 27.7° 124.8° 67.0° 11.4° 6.9
ab a a a a a ab
Dactong Lac. 102.8 6.3 332 133.2 101.0 10.4 75
Bac. 97.2° 5.9% 34.8° 127.8° 90.0™ 10.7° 9.1°
CompleX b c a a b a b
microbe (KM) 98.3 5.2 32.9 105.0 77.0 9.2 6.0
Average
Muhanjilju 99.58 46 323 110.12 65.6 10.8 8.0
Daetong 102.7 5.8 32.8 119.8 82.9 10.1 7.0
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Plant Stem |Main stem| Plant No. of Shoot/root ratio
) height girth length width b ) h
Variety Treatment (cm) (cm) (cm) (cm) Tanches | pw basis | DW basis
(%)
Significance

Variety ns kok ns ns ** ns ns
Treatment ns ** * ns * ns ns
V xT ns * * ns ns ns ns

“Mean separation within columns by Duncan’s multiple range test at P = 0.05.
¥ Rho = Rhodobacter capsulatus, Lac = Lactobacillus plantarum, and Bac = Bacillus subtilis.
* Control : Basal fertilizer + Additional fertilizer

ns, *, Rk kx

: not significant or significantly different at P<0.05, 0.01
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HAE At H& 1F FEFS F FEF BT B8 AT Bt 53.1kgE 7
=g ggog 34.9kg, KM¥ 30.1kg, f-4b 22.3kg, T 18.5kg =22
EFdth(Table 4). ol ASZA Al A% SRE =4 Ay BYFRG nPE A8 77}
AR F2 AFRE Ui A= olAH AS HRkel| vX &= v AE A2l FIFo] 3

FOoZ oloFHS & & AUTHTable 5).
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Table 5. Yield and antracnose incidence rate in hot pepper affected by application of
effective microorganisms

Muhangilju Daetong Average
Division Yield Antracnose Yield Antracnose Yield Antracnose
(kg/10a) | incidence rate” (kg/ 1) incidence rate (kg/10a) incidence rate

Control* 16.0 12.0 21.0 14.0 18.5 13.0

Rho.” 52.0 8.0 54.1 4.0 53.1 6.0

Lac. 223 13.0 223 13.0 223 14.0

Bac. 28.3 8.0 414 10.0 34.9 9.0

KM 30.0 12.0 30.1 9.0 30.1 10.5
Average 312 9.6 33.8 10.0 31.8 10.5

* Anthracnose incidence index: 0 =no incidence, 10 =moderate incidence, and 20 = severe incidence.
* Control: basal fertilizer plus additional fertilizer

¥ Rho = Rhodobacter capsulatus, Lac = Lactobacillus plantarum, and Bac = Bacillus subtilis.
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Table 6. Yield and antracnose incidence rate in two hot pepper cultivars affected by
application of effective microorganisms

Treatment Yield” (kg/10a) Antracnose incidence rate index
Control* 18.5 c* 13.0 a

Rho.” 53.1 a 6.0 b

Lac. 223 ¢ 14.0 a

Bac. 349 b 9.0 ab

KM 30.1 ab 10.5 ab

“Fruits were harvested 6 times between Aug. 2 and Sept. 10, 2011.

* Control: basal fertilizer + additional fertilizers

¥ Rho = Rhodobacter capsulatus, Lac = Lactobacillus plantarum, and Bac = Bacillus subtilis.

" Means with similar letter(s) are not significantly different at 5% level of probability (DMRT)

ol

£3], v ZAtollA BojFRo] B9 Hit G5(18.5kg/10a)0l HIB] BT
279 FEH(53.1kg/10a)0] oF 387k F7 et o A o2 vA I T
(13)7} B3+ A2l F6)°l vlal 28] = EATHTable 6).

o Aed S-S v B Awdo s Aol nis) o A3k Fo] 3
2k}, o] Rodale(1982)2] Hith2 EUL FHFi5o T o3t 2E9o A
ZlgtthE AHE Y53t Aolgt Al Eh

B AIg e #ﬂﬂﬂr AW DA Ee] FoiA A gy BAYo] p g FIA

o AT 1F7t sl MY &%, oW g

FEi7F YEska %oﬂE ETsta JiH o g Fego
Fig. 2, 3). °ol= BFA T 75 T EY SolA 83 Y&
Al e A 9 g ydde $H3E UAste] Awe] HAY

FHo) g, 2008; SHE, 2002; Rodale., 1982)2} U X|3h= 7 o] AT

FIF E‘w—'
F:U
M

J=l° ot

3. B AaFo FIE AR

FTH AAYE FUE S AHEY F AA(T-N) §Fe FHAF A=
AYT7F 181% = 78 = vEbstal 34 A7t 146%= 7HE St ‘deEFE
oA+ FATIF 1.66%, KM A& T7F 1.50%5 YeERo] EF3t #4283 159 &

Q1 zfo]7}F Q178 = A THTable 7).

oAt F EE uR yxd HYTIF 0.2%E M s B EEo AT
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Table 7. Mineral contents of hot pepper fruit affected by application of effective microor-
ganisms

T-N | P,Os | K;O | CaO | MgO | Na,O Fe Mn Zn Cu

Variety | Treatment
(%) (ppm)

Controlz | 1.78" | 0.68" | 3.90° | 0.15* | 0.35° | 0.02° | 40.33% | 27.02° | 11.99° | 8.79°

Rhoy | 1.46° | 0.58" | 3.95% | 0.12™ | 0.32° | 0.02° | 41.76° | 31.59" | 12.78° | 6.28°

Muhan- Lac. 1.81° | 0.70™ | 4.41° | 0.10° | 0.41* | 0.02° | 49.35" | 33.74™ | 16.29* | 6.72
jilju

Bac. 1.61° | 0.72° | 3.84° | 0.13° | 037° | 0.02° | 43.66° | 26.82° | 14.75° | 8.08"

Complex
microbe | 1.56° | 0.62° | 3.70° | 0.11°° | 0.45* | 0.02" | 45.43° | 35.14" | 13.60° | 7.01°
(KM)

Control 166" | 0.54° | 4.07* | 0.13" | 0.32™ | 0.02° | 41.76° | 38.65" | 12.74" | 7.65

Rho. 1.64° | 0.63* | 3.97* | 0.13* | 0.31° | 0.02° [45.29™| 45.98" | 11.90° | 7.24°

Lac. 1.58™ | 0.68" | 3.43° | 0.13* | 0.32° | 0.02° | 46.75" | 42.14* | 11.47° | 8.46

Daetong
Bac. 161" | 0.72% | 3.84" | 0.13* | 037" | 0.02° |43.66™ | 26.82° | 14.75" | 8.08™
Complex
microbe | 1.50° | 0.65° | 3.68" | 0.13* | 0.35" | 0.02" | 39.02° [ 39.14"° | 11.08° | 10.6"
(KM)
Average
Muhanjilju 1.64 | 0.66 | 396 | 0.12 | 038 | 0.02 | 44.11 | 30.86 | 13.88 | 7.38
Daetong 1.60 | 0.64 | 3.80 | 0.13 | 033 | 0.02 | 43.30 | 38.55 | 12.39 | 8.41
Significance
Variety (V) * * ns * * ns ns ook ook ok
Treatment (T) skkok sksksk ns oKk kk ns skskesk kokok skkok ksksk
V X T kkok sksksk * %k kk ns sksksk kK ok kkok sksksk

“ Control: basal fertilizer + additional fertilizers

¥ Rho = Rhodobacter capsulatus, Lac = Lactobacillus plantarum, and Bac = Bacillus subtilis.

: Not significant or significantly different at P=<0.05, 0.01 and 0.001, respectively.
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o= 7P 9A vehd B34 A7 11%4 =4 UERE T
obd AN FA Y, FFIE 1= o7 Aol BHloH, i MeHE BH uxd
ATl A FdAF = 16.29ppm, ‘U5’ 14.75ppm 2 F 5 25 71 =4 YE

T8 FFE FT0, A AU 159 frojdo] JIFHAL FFEE BH AP o]
B 7.38ppmETHE U150 F FFol| 84lppmE A UElGLh FAZEEE g5
B KM A F7F 10.6ppm o2 7H E=9ka < FdAF o) FA T AT 6.28ppm=
71 A YERstH(Table 7).

A 39l Carotenoid

rlo

4. &

33 HFe AE L33 AT 0.1g Foll -5 = F carotenoid®] TFFE FA g
B HF 2 B3 A3} capsanthin(CyHse03)0] oF 34~41%=Z 714 Btk 1 o=
B-carotene®] 2F 20~30%= WAk O™ zeaxanthin®] 14~19%, B-cryptoxanthin®] 13~19% 12|l
a -carotene®] 1-2% o2 =& ﬂaké 1/]rF)r"“E]- T T3 FAEE zolE AR
A BT 159 Fo4 Zolrt A= 2 e TH(Table 8).

AEE TS B capsanthind 2 FE T FEAAE A4 ABF7F 137.6pg/g

o=

rlr FIO >\I

o 7 B JEhgton, theogE 1 ATt 130.0pg/ge FEFS Bk oS
NME TET 1178uge®® A Ve v, BYTE 60.Tuge® 7HE R 5
Wegs BE FaET 7 117.0nge o ‘HE W ldpggHth o 13vd w2
capsanthing 33l 1SS & 5 AT

Zeaxanthin® F-2ke+3} 31

Z A7t F FF EFOA 7H Eokth AR Avn
51.6pg/g, ‘B oA E 54.1pg/g2 22t YEbTH 2dS <3
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FAFNME 49.1pge, HE S 574pgedl TS BIJoH, ‘UF Y Az B¢
zeaxanthin 32 FHEF FYF9] 292ug/gH T} F 28U =QkTH(Table 8).

Table 8. Carotenoid contents of hot pepper fruit affected by application of effective mi-
croorganisms

Capsanthin | Zeaxanthin B-crygo- a-carotene | B-carotene Total
Variety Treatment Xanthin
(ng/g)
Controlx 93.74° 29.18" 26.39" 4.04° 53.06° 206.41°
Rho.y 109.03ab 33.37° 31.0% 3.90° 50.71°¢ 228.01%
Muhan- Lac. 137.56a 51.57° 459 7.91° 119.88" | 362.82°
gilju
Bac. 129.97a 49.05° 48.52° 8.21° 135.86" 371.61°
Complex ab b be b b b
microbe (KM) 114.42 38.23 39.08 5.05 75.45 27223
Control 60.68° 45.00° 46.80° 3.54° 56.05 212.07°
Rho. 100.25® 50.65" 4630 4.62° 58.73% | 260.56™
Daetong Lac. 94.45% 54.1° 56.16" 4.59 7891 | 288.21%
Bac. 117.75° 57.43° 57.69° 5.60° 83.73° 322.20°
Complex be ab ab b be be
microbe (KM) 83.82 49.50 51.79 4.60 70.34 260.06
Average
Muhangilju 116.94 40.28 38.18 5.82 86.99 288.22
Daetong 91.39 51.34 51.75 4.59 69.55 268.62
Significance
Treatment (T) * *% ook ok sk *Ek
VXT kk skksk kksk kksk skkok kk

ns, ¥, Rk ek

: not significant or significantly different at P=0.05, 0.01.
* Control: Basal fertilizer + Additional fertilizer

¥ Rho = Rhodobacter capsulatus, Lac = Lactobacillus plantarum, and Bac = Bacillus subtilis.

B-cryptoxanthin & HAl FF1h, 7 A A E0) frodo] JIFHAUG. dAER B
H g AYTT7E F FS(CFIET 850, S 57.7nge) BFAA M w2 B
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46. 3ug/g_i 74 @kt ok B-cryptoxanthin -+ w4 Y A & ZA0E B
dERon, FFNE 159 FofH Aol7t e & F AT FFT vl A
= U5 HFo] 51.8ug/glE FIAF H 382ug/g Bt oF 36%4 =2 o E
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