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Effect of Kluyvera sp. CL-2 on Sugar contents of
Watermelon and Soil Chemical Properties
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Heo, Su-Jeong - Yoon, Byeong-Sung - Park, Young-Hak -
Hong, Dae Ki - Song, Jae-Kyeong

This study was carried out to determine the effect of Kluyvera sp. CL-2 (KACC
91283P) on the growth of watermelon (Citrullus vulgaris L.). The study consisted
of three treatments, no treatment (NT), twice application of K/uyvera sp. CL-2 before
transplanting (KC1), and five times application around transplanting (KC2). We determined
the chemical properties of soil before and after the treatments, and compared the
growth characteristics of watermelon among treatments. The treatment of Kluyvera
sp. CL-2 at 1.0x10° cfu mL™" significantly increased available P,Os. The organic
matter showed to increase for all treatments, while soil pH, exchangeable Ca and
Mg tended to decrease for all treatments. The leaf width was increased by 11.6%
for KC1 and 26.2% for KC2 compared to NT. But there were no significant
differences in yield, leaf length, fruit weight, fruit length, fruit width, and pericarp
thickness among treatments. The contents of free sugars such as fructose and
glucose were increased by microbial treatments but sucrose was not different from
NT. The content of glucose in watermelon was increased by 13.8% in KC1 and
12.8% in KC2 compared to NT. The content of fructose increased by 14.6% in
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KC1 and by 39.8% in KC2 compared to NT. The results from the study imply that
Kluyvera sp. CL-2 can be used to increase sugar content in watermelon.

Key words : Kluyvera sp. CL-2, PGPR (plant growth promoting rhizobacterium),
watermelon
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A7V B B Ro) ALg B AROE A Eoke] ARYHL 23| LAlH o

gtou sl = B 52 G oty AAA B 55 fste] JuAnlE
E7HSHAl Ao AL FASE AANA frlE A B BEG A S, AE
A 2 5 B P8-S 25 th(Yang et al, 2008). XA FAHE gk 4nAe]
Axjo] = 38 FAA ] gl ek A7F dhg e2A ke F2] FYolA
A&7 s ore] Age] FAAHANL ol5S Tﬂiﬂ f& # AE AR A
g Q /Ké_l;‘._

3 QJom 37, *% D} g EopllME
n] Y E2] 75 ol thate] AT E JTHKim et al., 2014; Kim et al., 2015). 4 NA w%ﬂ]
e 7

BB 4B Y5e FUsT 2UY BH S AMSHE EJM glom 4Eyst §42E
2ol U@ AGYol ATk FYNAE YRR, EPNFA 5 IR SR AEH
3 glon) f71gAsetel Ms) S4o] Hu okaurdo] A&l Aol ATk &

A= a9k Aol S7Hgl whel AA) = 1587 s d71eAlE 5 12370 7]¢o] A
S wjFste] FUhel B8l ATHRDA report, 2014). 2] &2 ZHol FAHA A48k
+ PGPR¥(plant growth promoting rhizobacterium)E-2 2F=2] Aol 2. 7HHH o= &
ofstH, ASEZ, Fr1Ewsl, EFAS), BA 5 Yt 715ES 7FItHWoo and Kim,
2008; Kim et al., 2012; Jung et al., 2013; Moon and Koo, 2013). Rhizobium, Azotobacter,
Azospillium 458 AT HE F7MA71H, Pseudomonas &5 843 A4rHe 71831E
ZZA T Burkholderia 452 212 ol ta] WA EZA7T A2, Bacillus <2 gibberellic
acidt} indolacetic acid 52| 2 EYAER T2ES AYAFt] ZE2] A8l ¥ 3THChung
et al., 2006). Heo 5(2016)2 Bacillus subtilis S37-22 1.0x10° cfu mL'2 A3l ]330 &
o ASo] FXEHI FEFo] FUETT B vF QO™ Lee 5(2014) Pseudomonas <5
< WSl Aeletis W d 2Edx ARad 2 ASE] a3 oo Bugk vt 9)\
o 71 8ol Kluyvera %2] 14H7FH83E 31 &3 (Kwon et al., 2007b), Bacillus <52] A5
21 2 FFESH AT (Kwon et al., 2007a) T H|AES] HFHH A g A7} %“%‘61
AP= 0 Yo} I A2 W A gte mdE S8l AAF R FHE o] UA
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&3 @A EHHT At =g uHEtER o]2]gt FHHAE o] 8] AF3] 9l
ME B840 52 F8UAE 7479 g1 3 o< AAS, 5 A7l AEE,
S£=8 Ay 5 2o FAFoln AgAQd y&e] o] Had Ao} B A
224e EAEHAA ALE F8UYE Kuyvera sp. CL-2Z A E3tQ<S o Jeht= 4
S37 9] WslE #Est, AE XY F AFE AS 54 ¢ 895 HAske e o
o, & & A8 nAE F8YHS S % ASRE o8tz AAEHAT

2 ATE AdE S A s on AsE AREE FEbY FF5E AEE
o|ATE. 4€ 10¥ IF, 5€ 8Y AAsIR o 89 1Y T3tk AT ol
H(Completely randomized design)2- = Hj| X]3}% 0.1 Zﬁélﬂﬁlt 45 cm x 23 myATh B AT
o AM&® Kluyvera sp. CL-2 (KACC 91283P) #F+E T P& v]AYE-23)(Korean
Agricultural Culture Collection, KACC)ol| A oo} AL8-3} T} Bacillus soytone medium
(BSM, Soytone 0.5%, Sucrose 2%)HI Aol 1% HF3te] 36412t &< B %7](180 rpm, 2
8C)E o] &3t 1.0x10° cfu mL'Z v & 3|A4sle] AFREAT Ml gde 1.0x10°
cfu mL'& 79 314 Bxd 23], 55 #FAT AT

R

2. A8 A & EgssA WS

ndt

Kluyvera sp. CL-2 #52] ASaHRHAHE 2AAF A3 BEYFS 715 (Coarse
loamy over sandy skeletal, mixed, mesic family of Fluvaquentic Endoaquepts)©|™ EF3}8}4
& Tablelo]l YEFHSITE PIAE Aol wE Eslstyd Wals A8 9t 48 2
Zo] EJAES BM3IATE EUEEA 443858 pH, EC (electrical conductivity), 71
E(OM), FERILE X84 ol olom RE 0~20 cm Zl°]2] EYS AHTI Al A
2 mm AE FHAA AIEZ AHESA pH, ECE A8 FH/HSE 152 &%
FHOE ZAsP o, FUIETHFS TywrinH & st & A4S Lancaster
o F 1:10 ¥ &2 FE3le] B FF A (Uvikon xs, Secoman, France)Z =74 3}% oW,
4 ol IN ammonium acetate2 FZ3}] ICP (GBC Intergra, GBC, US)Z &4
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Table 1. The chemical properties of soil used in the study

Exch. Cation
pH EC OM Avail. P,0s
K Ca Mg
(1:5) dS m g kg mg kg cmol, kg
6.9 1.12 30 414 0.58 8.47 2.53

AT oyl ngE A PolA ehs B4 27 At £3 A% YT
HEYUE SR SR %, 99, 45, A5, o, AE, A9 FA ol

e

T2 T FET FFES E457] st FAAA AE AATT HSFETS FHl
g A B2 AMgSAT Alf—i 5 goll 7 50 mlE 7hske] Hwg 5 5000 rpmol] A1
15870 QAR stEch AASHS B3 5 0.45 um membrane filteroll E3A 7] o] & A]
AH8-3199 2 HPLC (Nano Space SI-2, Shiseido, Japan)Z #2132 £33 Th Column

250 x 4.6 mm (Shodex Asahipak (NH2P-50 4E)E A}8-3}H o1 ©o]5 32 Acetonitrile : d-
WaterS 75:25 H] &2 3l 1 ml min'2 A5Gt TF2A2 D A5E 2 10 WA FY
stom & Als o 2083 EAEAT B4 5L Fuke] fEld 244 T B
H]F& AA|S}= fructose, glucose, sucrose@ 3l o™ 43+ A& mAE AT FHFS

Hla, #2493} t(Table 2).
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Table 2. Analytical conditions of HPLC for free sugar in watermelon (Citrullus vulgaris L.)

Instrument Nano Space SI-2 (Shiseido, Japan)
Mobile phase ACN : d-Water =75 : 25
Column Shodex Asahipak (NH2P-50 4E), 250 x 4.6 mm, 5 pm
Column Temp 30C
Run time (min) 20 mins
Flow rate 1 mL min’
Injection volume 10 pL
Gain : 100
ELSD Drift : 70C
Detector . . .
(Evaporative Light Scattering Detector) Gas pressure : 50 psi
Nebulizer : 30C

5. SAA

B A@elA 3T dolEl= SPSS TAAE Z=IME A8l e Wi (ko] #o
2= Duncan A4 02 BlalEk AL, 95% FEollA 43T

LAY A-F 2F3s4 w3t

MAE Aelo] he EEetY WelE 2ASY) fistel 73 M o] EgyEe B4
A3t faelae RAT oEl wgE APl frelail FrhshEor MR 29
Aok 53 AT 7ke] Aol Ygith K71BE AW Aol Mt BE Hel o)A F

Ao pH, ECE o142l ol gtk ABA ol 2L K, Cat Ho#Ql M7}
RO, Mg 28] AP TlAE FAHYT il ZASAT 53 AL TAANE F75He

A BAT Klyvera & VAES F8A4 QA4S 7183} Ho 2 FIAN7E AR &
HA A=, Kluyvera sp. CL-2 #FA 8 & FaIALY] ko] F71ettheE Kwon &
(2007)9] Hae} o] B AYoMx Fadst o] FoHo g FI1E THTable 3).
Jang (2017)2] Aol WEW Kiuyvera sp. CL-2 *2] 40Y o] FHE Eoko] Faelste] 7+
230, ASET GES AGERT FRRI4Me] o]l A4 YRt Bist =t

o Mo

i}



682 Y -AeE AR - Y58 SR 28 - 1dE 2] - A4

ol YA R Bl MIYES] BHE RS FAT 29l0] B AMY, FF
MRS HEEE Bolt AHo 242 BASE ATV} Basta pRAt =9 A
9o FAT AL QA EFe] fEAL] A F FAFOEM FYHE AAE 2
omZ A A B 34 L ASPAE 83 19T B} Jokn weEn

Table 3. The chemical properties of soil at harvesting stage

Exch. Cation
pH EC OM Avail. P,Os
Treatment " K Ca Mg
(1:5) dS m g kg mg kg cmol, kg
NT 6.3a" 0.59a 32b 448a 0.42a 7.00a 1.88ab
KC1 6.3a 0.51a 35¢ 564b 0.64a 6.56a 1.61a
KC2 6.2a 0.82a 31b 567b 0.54a 7.30a 2.06b

TNT, No treatment; KCI, twice application of Kluyvera sp. CL-2 before transplanting; KC2, five times
application around transplanting.

¥ Treatments with same letter in each column are not significantly different at the 0.05 probability level by
Duncan’s Multiple Range Test (DMRT).

2. 787 #4854 9 %

FAYTF vl nAE Ao Uehude 548 AR Aste] 8 A3 A4
HE St 4F2 FA2T iy S7ieke AFS BYor 23] ARt 53] A
279 F7FEol O E3UTHTable 4). I E A9 7%, 944, A=, 34, #F, H3F

A T AgF9 207k Atk Lee 5(2014)S Pseudomonas sp. G195 w5zl 1.0x10°
cfu mL'Z2 AR LS w AA|FHo] 27% F7FFR oW, Kwon 5(2007) Bacillus subtillis
§37-2Z w39 8.7x10° cfu mL'2 X T 5FPS u 8.7x10° cfu mL'2 X8 Al WA= =7}
Fo] 48.7%= 71 =Tty Ry, gt At Kiuyvera sp. CL-2 1.0x10° cfu
mL' 2T 1008] ©]%d ¥ F=3ATh Moon 5(2013)2 Ao} of 71 to] 2 EAAEZ1m]
AE 1785 1.0x107 cfu mL'2Z A58 & o F A &5 ASHHEAAE e A E
o] ME tE2ta Biustgon S5 axr) AErit 4528t =l 7 74 o
24 EA5h=s AL AASIAY B AT M= Kluyvera sp. CL-2 28] Al g1ke] k4%
Zlell §Fo] F7kshe AfE RAou A7 A 9 FRFele syt gl v
AEA el o3t FFo] AsTAel vt =24 Ydehte ZoE FEHH
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Table 4. Effect of Kluyvera sp. CL-2 on growth and yield of watermelon (Citrullus vuigaris

L.)
Treatrment” (k;if(l)i") Lea(fc Ijlv)idth Lea(fcrlrel;gth Fruit(;\)/eight Fruigcrl:lz)ngth Fmi(tc Irlv)idth ti:gf‘gs
(mm)
NT 646527 | 16.4a 26.7a 8,820a 28.4a 23.5a 14.8a
KC1 6,443a 18.3ab 27.2a 8,790a 283a 23.2a 14.8
KC2 6,487a 20.7b 29.3a 8,850a 28.4a 23.8a 14.82

TNT, No treatment; KCI, twice application of Kluyvera sp. CL-2 before transplanting; KC2, five times
application around transplanting.

T Treatments with same letter in each column are not significantly different at the 0.05 probability level by
Duncan’s Multiple Range Test (DMRT).

3. w27 A5 wEld

H

2AYEAE 7HA =°] 3 2HES Uehd Aoz g o9 Aol A =
BEo dAlZ =7)= ‘?_"E’liﬂr Zpol 7k Atk A Z o] A|71Hof gtoemz 04?9/] FEE
FEld FFoRE Hlw - A3 THKim et al,, 2003; Kim and Park, 2007). & & 2|74
FeT FFe B A FAT vl v8E A2l A fructose?} glucose”t 2
o2 F7Fsk o, sucroses o482 oy FAE T Boe SMee Ade AT
(Table 5). ©]3F<%! Sucrose’} 7Frwall =™ T7<l fructose®t glucose® & 2= B
ATl M2 fructoseS} glucose®] S7H= sucrosed] w3l o3t Ao 2 AAHATHChung et
al,, 2006). Glucose $Fe 23] A7} FH27 divl 13.8% S7FskaL, 53 A2+
12.8% 7kt oy e el S 3ke] Apol= AT Fructosed 32| 45 23] A 2|7}
AT el 14.6% S718Hlem 53] A 2= 39.8% B w2 FFE Hof, A 0= 7|
e g S7k WE FoleEY fructose FF SF E37F FRAHUT. ute] o
gigoll tizt A77F s R o Ao FF, w71, AT o wEt /el
gy 2ol BF tE2A RaEHA=d(Kim et al., 2013; Richmond et al., 1981; Sohn et
al., 1996) & AFoA= vAE X elodF e} A Glo] sucrosed ol 71 =4 AESH AT
8 & S7MEL fructose”t 7 =3k=0, fructose’| T To] 71 Feta, d= A
Aol F23 28-S 3th= Sohn 5(1996)2] AFAI}e} o], Kluyvera sp. CL-2 A&l 2]
g fructose®] S7h= FHFe] B Sl 2AHQ 810l HIUE A= -’*DPQU]' B

|

it

gdEol A 2 B30l o thalel] 24t Taly} BFolmw nYE A T EY
Z S7FE fERILke] Fuke] o giAl HAFo = FES FAS HolE FEFHH(Byun et
. 2014) A3 EAO] g AHHQ Il S wEste B3 o tiAl 712 A
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Kluyvera sp. CL-27} oJ® B 29} WhH o8 Hofst=A] thate] FH st A7 F7H

2 Z3=jojof & Zo]th(Kim et al., 2007; Taiz and Zeiger, 2005). A3} 2 Kluyvera sp.
CL-29] A 2|7} s8ke] fructose} glucose®] TS oA o2 JFTVINFOEA, FE T
XA e AT A2 F8rteAol IS AR

Table 5. Content of free sugars in watermelon (Citrullus vulgaris L.) at harvesting stage

Rate of free sugars (mg 100g™)
Treatment "
Fructose Glucose Sucrose
NT 2,888a" 1,771a 4,264a
KC1 3,311b 2,015b 4,901a
KC2 4,036¢ 1,997b 5,474a

TNT, No treatment; KCI, twice application of Kluyvera sp. CL-2 before transplanting; KC2, five times

application around transplanting.
T Treatments with same letter in each column are not significantly different at the 0.05 probability level by
Duncan’s Multiple Range Test (DMRT).

V. o +]

FEX15H ol A 7H‘Q’§_ |1 A= Kluyvera sp. CL-2 A 2] &35 HAF37] Yt G4t
of PIE vYAE 7Y AR 23], 53] HFA S M A - Fo| EF oA W
st5 BEstR L, =3 A g A & Fg719 Fu ASEA 9 FEd FHFS Hlust
AT}, Kluyvera sp. CL-2 BlFN S 1.0x10° cfu mL'2 7 3+2 B X 23], 53] #FA 7 3
A}, A9} Ca, Mg BE A TFollA ashe Hes Bon 7182 ZE AT
ol F7FetA ECSF K& 19 21Ql Zpol7t i om, Faclike g+ thl v =
A TollA FoetA SrleRnh & AF Y £, 47, HF, A, AE, FuFAE
e AT-et FA 2T 3o ztelr) giley, 3E2 FoHo g 57 ’5‘]'04 23] A=

T =1
11.6%, 53] A7 262% S7Fstdth. 3] 87 {29 ¢
= BE A FolAl Abel7t fIlo L, fructose?} glucosee] &2 —E%ZJEHL ﬂ%‘ﬂ] A& A
oA F71ehe 2 2Z2 YeERRth Glucosed @S 23] g #7F F4 2]+ vl 13.8%, 5
3] AT 12.8% S7Fste] mAE A3l 21| Afole RN, fructose T2 23] A
T 14.6%, 53] AgTolA= 39.8% S7tete vdEAE g STl BE FosE9
fructose &F S &IV} SERIF N Kluyvera sp. CL-22] A&7} Frute] & A7 =
AAE BRAL
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