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Influence the Fruit Quality of ‘Campbell early’
Grape according to Inoculation time of Kluyvera sp. CL2

Lee, Seok-Ho + Song, Myung-Kyu - Kim, Seung-Duck - Choi, Won-Ho -
Lee, Yoon-Sang - Hong, Seong-Taek - Kim, Hyun-Joo

This study aimed to investigate the effect of inoculation time of phosphate- solu-
bilizing Kluyvera sp. CL2 on fruit quality in cultivation of Campbell early’grape.
When phosphate-solubilizing strain was treated at the stone-hardening stage, soil
phosphorous increased, exchangeable cations such as K, Ca and Mg also increased.
Soil pH was not changed severely due to the soil buffer capacity. Water soluble
phosphate concentrations did not decrease heavily up to 20 days after inoculation.
When this strain was treated at the berry-softening stage, soil phosphate
solubilization ratio was high, cluster weight and sugar content also increased. Both
anthocyanin contents and Hunter’s values were seen to be significant when
inoculation times were stone-hardening stage and berry-softening stage, in
particular, increase of Hunter’s value a resulted in the improvement of coloration.
From these results, we could find that the inoculation of phosphate-solubilizing
Kluyvera sp. CL2 at berry-softening stage was the most effective in improvement
of fruit productivity and quality in cultivation of*Campbell early’grape.
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2] Zo| A 214Kphosphorus, P)& Ao} ATPQI 1o #] QAkSgHE, Q1A A g3l &
o Fa 74 AEolH A= ASol B7HA% Aotk EFllA fre]l4K({free phosphate)
2 A9 glom B85ty o] A Eo] o] 8 471 §ltkKimura, 1994). 14+ ZHEo H,POS,
FeE A8FHa oy, EY =9 AP, Fe¥, Ca¥'3 A At AIPO,, FePO,,
Caio(POs)OH 52 B84 FH=Z EA35HA AhKim, 2008). HFoll= 7He A4t o2 A4
Pseudomonas, Penicillium 2 Aspergillus%s & 18] F8v|dEo] LA HA o]
A &1 F(bio-fertilizer) & AHE I W QUibgaf ZEET ot YEFTE F
E, v 5 AFAE, FHE o AitEo] Sl Ao E HiEI JITHNAAS, 2007).

olgd AERIE dTv TEHA ANE 7HE3ksol 58 Bacillus sphaericusv <
ot 54 HAF O HJoa et al, 2007), FE&A A47FESIHFo] el s F
St Pseudomonas sp. CL1 2 Kluyvera sp. CL2 #59] 147183t EA4-& 7739 THKwon
et al, 2007). T3 A4 71838} S8 o] dspergillus niger’} Pseudomonas putida$t Peni-
cillium& R Eo= Ra7F Qo W(Suh et al., 1995), Bacillus subtills S37-2 52 &2

A 8BS X a3 Bus tHKwon et al., 2007). ool % 3}FZg]7}o] BHAY
sk BTl e 23m A =(Yang et al, 2014), F&7HE Aol o3 139 3
A E AT (Yoon et al., 2012) 5o] YA ZHEoA YEREEZA ] 7FsAlo] BaEa ot

B ATl A= o] gt QA 7HESE o] 83t = AlAA A F8-3) Fo] Qe
kol &85 x5 FHAPEE Aste A4H8skll 838 Kluypvera sp. CL-22] A E|A| 7]

S WSS LE BB FUFLe HAE JFES 2AFIA PSSP

2 ATE S5 ST AP &A% SFEEHVIed TEATLY e 24
ol A 2011 AFH 2012 d7kA] AT AlE FF2 188-08 thigS AHESH AE AR 8
WA o2 F71 Au) a0tk Aldo] AHE3E G843 7HES v e w18 5
& dFZ Kluyvera sp. CL2E AHE3IAT. YA #F5=E 1.0x10° cfumLo]al 2] EA4
E5024 Aa8EES 2042%01H, 1AA AASL 409 pg/mL'e] EAo] Yt

(Kwon et al., 2007). ©] FFE 4 L/1,000 m*Z 5008 3]43le] EkAu] 3k} e te
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FAg, A7)(ZA7] 309 A), AHAS7|(ZA7] 159 A), ZFA7)(ZHE 10%) 5 448
T T AASA I, A8 EFAIE] Xutel F3tAt) Bkl 38 Wshes 7 A
g A L5 53 27| 89 25¢ HlE ES AFH o] BEASIYL AulE 2E210E
A AAde] FFEAH F3A o

g 2 FEEL L #dAT|EATZAHEA7IF(RDA, 2003; NIAST, 2000)°l o3}
ZAIE o, G = YA E Y =A(PR-32, Atago, Japan)Z, AH&#2S 7F 10 mLol S/
40 mLZ 343 3 0.IN NaOH &9 2 pH 8.17}A] ZA3ke] 2] 2htartaric acid)e] &3
o2 3ttt e FAAe Folo FIHEEES M EA|(CR200, Minolta, Japan)E
©]-8-3}>] Hunter Value (L, a, b)ak= SHsIAT 3] 5 AFEAoPA -2 cork borer (5
mm@)E °|&, P HAEHAA 107019 ¥ HHEES AFH3E 0.IN HCI-100% EtOH
(15:85, V/V)&Hol A3t} QAo A 24A17F BB $ spectrophotometer (UV-2501 PC,
Shimadzu, Japan)Z 535 nmollA &FEE %3}, Fuleki & Francis (1968)9] WHo 2
FEAOP FFS At

FAEAS Statistical Analysis System (SAS version 6.12, SAS Institute Inc., Cary, NC,
SSA)E o]-&3to] 3t

Oo}

il

1. B¢ 34 WSt

Ai7LgstF A Ao e pade L= B9 3}t WMl Table 13 2k
FE gk g A7) A FA 15 mg-kg' 2 7P A S e, P As]¢
M= F7hHe A%E BRIt X84 K, Ca, Mg A87|9 #3A87] ATl $7)
Ao, 27 A TeAs Wshrt gllth ECe & AtolE BolAle @A 243t
Aok pHeF fF7189] ¥she 4k 7HEsht AHelo o3 F Wsrt gllon, ol EYY
g5l oall B A9 pHet f71E] FF WSl  FFES FA K] Wil
g1 AgET
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Table 1. Chemical changes of soil according to inoculation time of Aluyvera sp. CL2

pH OM Ava P,Os | Ex. action (cmol/kg™) EC
Treatment Range

(1:5) | (g-kg’) [(mg-kgh| K | Ca | Mg |@S m")

before(a) 5.8 24 628 0.87 4.5 1.8 1.5
Conrol | aflertb) | 58 | 24 | 627 | 085 | 44 | 16 | 15
Crange(ab) | 0 | o | 1 o | o1 | 02| o

before(a) 6.0 23 610 0.79 44 1.5 1.4

Stone-hardening stage after(b) 5.9 23 625 0.83 4.5 1.7 1.3

range(a-b) 0.1 0 -15 -0.04 -0.1 -0.2 0.1

before(a) 59 24 621 0.79 43 1.6 1.5

Berry-softening stage after(b) 59 24 625 0.84 4.5 1.7 14

range(a-b) 0 0 -4 -0.05 -0.2 -0.1 0.1

before(a) 6.0 23 618 0.82 42 1.5 1.4

Coloring stage after(b) 59 24 615 0.81 4.1 1.6 1.5

range(a-b) 0.1 -1 3 0.01 0.1 -0.1 -0.1

A7) AAVESht ATl A Q14ko] 71 wol F7FsEA AL, K, Ca,
b W 3}= Hydroxyapatite 3H-+ Hl=| ol A 214t 7183}
%1 E. agglomeransE Y] ¥t 52t 14ke] w571 @A 3] F7FstA T Kim (1997)9] B
a9F AR o, pHE| W37t Z < EYY &5l o AdE AT AA
-2~ BEulES| Kluyvera sp. CL2E A2 $of BF319 S uf FA o) vld] Arrt&3+&
< 19.1~263%7} S7Hsthe Balols Y| THCBARES, 2014). +7]= Al-8-°] dehydro-
genase &4S ZF7FA1Z1TH= Hadas and Portnoy (1994)2] 2319} 7)€l EH] A]£-°] biomass
Ce} Ag] AgollA phosphatase?} dehydregenase®] TAL w|AYE A F3 Ao AHHA
7} AT= Lee et al. (2003)2] Raols U3

FEA A4k HAAIA HELE B Table 29F 2t} QI3 71838l FEXO=Z A
= ¥

o He F3090] AAA A FF| Wk A4 9SS &+ AUTH EF, A 7}
gahEe A 2ol A vs) £84 A4 i
ATk 2fol7k YAtk HeA7le] ME HelT 7 W
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Table 2. Changes of water soluble phosphate according to inoculation time of Kluyvera sp.

CL2
Investigation day
Treatment
0‘1‘3‘5‘7‘10‘15‘20‘30|60
............ (mg-kg'l)"-“""'--
Control 223 225 227 229 237 247 240 238 226 235

Stone-hardening stage | 226 262 301 285 279 277 290 272 267 247

Berry-softening stage 230 270 294 293 285 280 282 251 234 236

Coloring stage 235 276 294 294 284 273 274 252 235 232

ool A= 14k 7HEEt Aol 9§ 484 A4k AAIA Wste A AR 20
d A=A EAFYES & 5 AT Suh et al.(1996)> EF biomass C&} EF FaEJ4LH
e Ztoll= Aol FRbellA frolAdol e Ao Ao Rusiiion, 3ydAsr] A+
FH Q4 7HEEEo] & AL FAEQIMEE V20| HolAlE 5E9HH A&HH o7 FUtst
of 8¥of o] 7 =th= Chung et al.(2008)2] Hale} o] %7} x]iﬂgi AEgS
X Ao g 4Zhdn. B At ds v tﬂﬁbﬂ met FA 2o Fo= HlEst B
oFo]l A4 o] ;o 2 EA 9 HAAIHFE EUE Dexbury et al.(1989)2] H ol UX

Eipiis

40 4>

N

3. 54

E= RIAFE S A 7lel mE AEde) 5 HH 5L Table 33 2ot FHyA
317] A TelA Esol 381ge 2 FolAde BHloy, A, AHTS, AHg TolM=
2ol 7k AT AP D3] A TolA FEo]l & AL ArHEE EF*U Kluyvera sp.
CL29| TAAC] o7t A= 283 G iAol o axeta 44dn. ol o5 A
F 2093 BAEE Hal ojAe] HA7A] FEFE A 71703 2092 B3-S W 8]
1L 40 AR FHAB] ATt o] &2 FAA} FARIAT. A7) ATl
of o3 Qo] JFo= AHHY 37]o HY HIth7} LA FA = A
<= B FA e va) AHAs7] ATl 14.1°Brix2 =] Felidel 3l
Row, A== AP AST] ATl FAE thH] 0.06% ko Fo] 42 T 7
A= ATt 3 frelAdel flslth

Ne 5 59
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Table 3. Fruit characteristics of Campbell early’grape according to inoculation time of
Kluyvera sp. CL2

Cluster Cluster Berry wt. No. .Of SOh?ble Acidity SSC
Treatment wi(e) length @ berries solids %) Jacidi
& (cm) & /cluster (°Bx) o v
Control 351° 17.1° 5.0° 7.7 13.5° 0.57* 237
Stone-hardening stage 365% 17.4* 5.0° 73.4° 13.8° 0.55° 25.1%
Berry-softening stage 381° 17.8° 5.1° 73.5% 14.1° 0.51° 27.6"
Coloring stage 349" 16.9* 5.0° 70.7* 13.6° 0.60° 22,7

* Mean separation within columns by Duncan’s multiple range test, at P=0.05

** Soluble solids concentration

olge] A= A4Fe3t #F2A Kluyvera sp. CL29| I A8y Aol A 53
BEE F7HRITE AE & F AT ol A2 AR dE) T g@Aadd
S FYstH FA el vlal] ZA7] 159 A A FoA dEE FUsIL AR A
b= Kim (2008)9] Barol Lx|stth =3 A/7F JAEH AE FHboll A o] &l g3}
= 9HE ONES 2Hee Byt B FrHid 4t EYF ECE AAAIA 1k
TF 2 Kang (2007)2] Ry ots HYX|3HT A3~ EvlE

oft
b
i
"
2 ox
o
fir

o

Kluyvera sp. CL2E 72 FA FA- el vis] Gt 1%, FHS 9% S/t B
9= °‘xld%lﬁ}(CBAREs 2014). wehA] °W7P 8 w51 Kluyvera sp. CL2: FH A3}
71 Aelg7t adeA HAH e AA7|E Hoh

4 FEAoR] o A

hvA

E5 Mg A A7) i e X5 IS = Table 494 2T} QFEA o}
e FAjg ol mla) A7l APAsty] AgFolA Fodol Ao ALHEE 7l
Kluyvera sp. CL-27} RFEAloPA & F7lol] IS mAl= As & F AT =L)<
FA ol vl A 7)ot HPAsty] Aol Fejdel Ao, 7] e Tl =
zpo] 7t IS AN S (@)= FA gl vl A& 7)ot AhAsty] Aol Fo8E& B
U783 7 A7t Aide] 259 A FXo AUt UASS & F AT A
Eb)ye FA e vlE) QA4S 75 A FA §948e BAou, AT el &
o|7} {1tk

jus

a
=
-
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Table 4. Anthocyanin and Hunter’s value of ‘Campbell early” grape according to inoculation
time of Kluyvera sp. CL2

Anthocyanin Hunter’s value*
Treatment )
(ug/cm”) L a b
Control 108.7° 24.9° 1.21° 0.95°
Stone-hardening stage 116.3" 23.4° 2.02% 2.01°
Berry-softening stage 114.7* 23.3° 2.11°* 2.22°
Coloring stage 110.4° 24.3% 1.64° 2.09°

* L: black(0)~white(100), a: red(100~0)~green(0~-80), b: yellow(70~0)~blue(0~-70)
** Mean separation within columns by Duncan’s multiple range test, at P=0.05

ol AHREA QLTSS I A FolA FEA, HE, AMNE, FAET}E 73
7o AP AS7] A FelA Fo94E& B 14183} #ZOJ Kluyvera sp. CL-27} QFEA]
o AFAR] FFE vA= AS & 7 AU AEEALAH ALEFL S

H o FEHoR HPAs ] Lﬁﬂﬁﬁ} 775 FYste Aol FEF8%
ZAHANA 71 a3 o]t A2 Kim et al. (2001) 3H5-2 FH oA #1204
Z5 G el FAo] ZXH I Gt FUtE FHo| FFEHT T Balske]
o} Lee et al. (2013)2] 2HasF 24 Aol 9oJstH 3] FFoll A TEW Fold 50¢0]
2 T o QPEAIRE o] Fkon, FE T HEL)E FYsHAl weken,
A (a)= T A 79ke] fFrojAdo] AR HJTA 3 ZHHHZﬁ XMOH g FEwst
o} =5

74H838F 52 Kluyvera sp. CL2 A8 A1 7|7} - F Aol vjX]&= F3F
ATE AANSATE EGO] sletA WSt A7) Aol A Qlike] 7t
i, K, Ca, Mg&= 57}9& o F ANoH, pHY W= EY 4550
: J*&ﬂ%@z} Aol e F84 Q4o WsteE AE AFH 20 7HA]
7] AgT-5H L&7}£§}%OI T =T AFHAST] AT

N #LTH =7 FVHEES & F AT QAHESE = A Tl A FEAoMd, |
738 7] ef & %%‘5} | AgTolA Fojde Bom, 53 H4wrt

=, A%, FHEsL s
PaEol H45H B} YT AEA R FUSA FUFLL BT DY L o



298 N B £RTF- A HYE- o84 FHY. QAT

10.

11.
12.

[Submitted, March. 12, 2015; Revised, June. 15, 2015; Accepted, June. 18, 2015]

Reference

. CBARES. 2014. Application of agricultural microorganisms. Chungbuk Agricultural Research
& Extension Services. Cheongju, korea. p. 61.

. Chung, J. B. and Y. J. Lee. 2008. Comparison of soil nutrient status in conventional and
organic apple farm. Korean J. Soil Sci. Fert. 41: 26-33.

. Dexbury, J. M., M. S. Smith, and J. W. Doran. 1989. Soil organic matter as source and a
sink of plant nutrients. In dynamic of soil organic matter in tropical ecosystem. pp.33-68.
University of Hawaii Press. Honolulu.

. Fuleki, T. and F. J. Francis. 1968. Quantitative methods for anthocyanins. 1. Extraction and
determination of total anthocyanin in cranberries. J. Food Sci. 33: 72-77.

. Fuleki, T. and F. J. Francis. 1968. Quantitative methods for anthocyanins. 2. Determination
of total anthocyanin and degradation index for cranberry juice in cranberries. J. Food Sci.
33: 78-83.

. Hadas, A. and R. Portnoy. 1994. Nitrogen and carbon mineralization rates of composted
manures incubated in soil. J. Environ. Qual. 23: 1184-1189.

. Joa, J. H, H. C. Lim, S. G. Han, S. J. Chun, and J. S. Suh. 2007. Characteristics of
Bacillus sphaericus PSB-13 as phosphate solubilizing bacterium isolated from citrus orchard
soil. Korean J. Soil Sci. Fert. 40: 405-411.

. Kang, B. K. 2007. Research of reduction on soil salt accumulation by controlling C/N rate.
Ann. Rpt. Chungbuk Agr. Res. Expt. pp. 581-589.

. Kim, H. J. 2008. The effect of carbon source’s treatment on fruit quality of grape. Ann. Rpt.

Chungbuk Agr. Res. Expt. pp. 365-372.

Kim, K. Y. 1997. Hydroxyapatite solubilization and organic acid production by Enterobacter

agglomerans. Korean J. Soil Sci. Fert. 30: 189-195.

Kimura, M. 1994. soil biochemistry. Asakurashoden. tokyo, Japan. pp. 132-139.

Kim, W. S. 2008. Friendly fruit industry. Chonnam National University. Press. pp. 88-94.



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Kluyvera sp. CL2 M EAI717F 2= W] HFAEFD vXe= FF 299

Kim, Y. H. and I. R. Rno. 2001. Effects of foliar spray of monopotassium phospate (MPP)
on the fruit quality of Satsuma mandarin (Citrus unshiu Marc. cv. Miyagawa wase) in the
plastic greenhouse. Journal of Bio-Environment Control. 10: 111-117.

Kwon, J. S, H. Y. Weon, J. S. Suh, W. G. KIm, K. Y. Jang, and H. J. Noh. 2007. Plant
growth promoting effect and antifungal activity of Bacillus subtills S37-2. Korean J. Soil
Sci. Fert. 40: 447-453.

Kwon, J. S., J. S. Suh, H. Y. Weon, W. G. Kim, and H. J. Noh. 2007. Phosphate
solubilizing activity of Pseudomonas sp. CL-1 and Kluyvera sp. CL-2. Korean J. Soil Sci.
Fert. 40: 442-446.

Lee, S. H.,, J. W. Lee, Y. S. Lee, S. K. Kim, K. E. Hong, H. H. Kim, and D. I. Kim. 2013.
Effect of fruit load control and GA; thidiazuron and forchlorfenuron application on the fruit
quality in pione grapes. Korean J. Intl. Agri. 25: 177-183.

Lee, S. H.,, W. S. Kim, K. Y. Kim, T. H. Kim, H. Whangbo, W. J. Jung, and S. J. Chung.
2003. Effect of chitin compost incorporated with chitinolytic bacteria and rice bran on
chemical properties and microbial community in pear orchard soil. J. Kor. Soc. Hort. Sci.
44: 201-2006.

NAAS. 2007. The latest organic farming technology. National Academy of Agricultural
Science, Rural Development Adminstration. Suwon, Korea. p. 61.

NIAST. 2000. Analysis method of soil and plant. National Institute of Agricultureal Science
and Technology, Rural Development Adminstration. Suwon, Korea. pp. 103-131.

RDA. 2003. Analysis standard of agricultural test and research. Rural Development Admins-
tration. Suwon, Korea. pp. 527-531.

Suh, J. S. and K. S. Kim. 1996. Assesment on the inoculation effects of phosphate-
solubilizing microorganisms by soil microbial biomass. Korean J. Soil Sci. Fert. 29: 181-189.
Suh, J. S., S. K. Lee, K. S. Kim, and K. Y. Seong. 1995. Solubilization of insoluble
phosphates by Pseudomonas putida, Penicillium sp. and Aspergillus niger isolated from
korean soils. Korean J. Soil Sci. Fert. 28: 278-286.

Yang, S. J.,, H. M. Kim, and H. J. Kim. 2014. The isolation and characterization of the
antagonistic microorganisms, Serratia marcescens-YJK1, for major pathogens on paprika.
Korean J. Organic Agri. 22: 855-868.

Yoon, S. T., Y. S. Kim, I. S. Kim, and M. C. Lee. 2012. Effect of effective microorganism
applications on growth yield and fruit nutrient contents in hot pepper. Korean J. Organic
Agri. 44: 201-206.



