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Effects of Organic fertilizer Application on Growth and Medicinal
ingredients of Platycodon grandiflorum Radix

Jeon, Seung-Ho - No, II-Rae - Kim, Young-Guk - Cho, Young-Son

This study was conducted to elucidate the effect of organic fertilizer on growth
characteristics, saponin contents and antioxident activity of Platycodin grandiflorum
Ridix roots for organic farming. As basal fertilizers, chemical fertilizer, mixed
organic fertilizer, bacterial cultures and fermented oil cake and decomposed manure
were treated based on 3 kg/10a level before transplanting Platycodin grandiflorum
Ridix. In root length, when chemical fertilizer plot and mixed organic fertilizer
plot were treated, root length was recorded the highest scores (25.3 and 24.0 cm)
Root width was recorded the highest score (26.6 cm) in chemical fertilizer plot.
The number of fine-roots was the highest in mixed organic fertilizer plot and
chemical fertilizer plot (20.0 and 17.0), respectively. Fresh weight, which affects
directly yield, was the highest in organic fertilizer plot (55.7 g/plant). The content
of Platycodin D was shown to 327.4~373.8 mg/100 g, the highest values were
observed in organic fertilizer plot. The total polyphenol and flavonoid contents
were recorded the highest scores (15.5 and 15.3 mg/g, respectively) in organic
fertilizer plot. In this study we confirmed that application of organic fertilizer was
effective to increase yield and pharmacological effect through increase of the
number of fine-roots with high saponin contents.

Key words : antioxident activity, organic fertilizer, platycodon grandiflorum,
saponin
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Sk, B g Fro] Aol G AYShE 252 =2R(Platycodon grandiflorum
A. D)= FA W o2 A7(Platycodi radix)olet 20, oFg]&] A& Tl AAXdS
SHf(Konishi et al., 1976; Tada et al, 1975)3t3 UTh =HA dFH F8 AXH T/
%, 53] Platycodin D& F=4AAA 3] AGZE, F417 AA2-8(Sung and Seo,
1998), 37348 9 Fe 2~HE WANAA-8(Zhao er al., 2006), F¢2&d A IH(Choi er
al., 2001), &9= EIHAhn er al., 2005; Wang et al., 2004), 8% E3H(Lee ef al., 2010) 5
o] d& AR LHAUA 2AAF A7, SFHZH FHH 2EY 2R I 4AH,
AU ALS| o A BIERIFe] TV} To 2 AZRE 7T AAF B SUketAA =84
7V A Fo 7 S vk g,

SetA = 2A7F At ARG FopA A= A7t s stA R, fr]1Ee] F5-5t
a1, i ZEE A UEY AFESENA Y80 FEdlH(Lee ef al, 2010; Seong et dl.,
2004), EFTEY JALE, A=, 5714 59 ESEEAJo e al, 1987; Hallmark and
Barber, 1981)3 TJEo] f7]1E, FolR T2 EUSsEAo FggS w=thKwon et al,
1998; Gupta, 1994). 53|, ¥l<7} EET EA = 5 Tl BotJo er al, 1985; Jo
et al., 1987; Jo et al., 1997; Hallmark et al,. 1981; Kim and Cho, 2011) =7|H o2 &7 417]
= 3loF SFth(Kwon ef al., 1998; Lee et al., 1990; Lee and Lee, 1998). =2}A|+= Ajull =&
Auj g ol whek oFelAd o) DelA W (Lee ef al, 2014a), AR 52 EAH e} T8A|
e 7], £AF, S8Rt oyt AR T AR FFNE HA g JIFe
12= A2 Bu%AKSeong ef al., 2004). =3 Lee 5(2010)2] Hito] wrE™ A4, 9l
M )] ghfo] =8 EoAE uigdTRg FaTo] B ZoE Yyt ZEHA
+ TA =R 9] Al HA o] 57}(Lee et al., 2014a) 33l lom, fF7]Afu]ol] #3F HA
T Z7bstar 9lo, ofof thet A H|H|g FFolth
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1. 4%

n2
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e et sta S A 390 3dE TEAE o]2Er] A 7HIR SEhHl s
(7921, N-P,0s-K; : 21-17-17, Fal8}t8h), G712 S(LARE §7188 8, §71E 65% (N
S 4%), HEAY), Tl kA (S g%l vl A, 718 40% (N:>16%), 243, fakCtzob
1 f171% 70% (N : 4.6%) S5-23Hs), BRI(FAHEE R, 7712 30% (N :>13%) Al 65%,
FREN)E 2+2t @iﬂf 3 kg/10a 7]= 0.2 Al-g3te] AufstAth. AlET WAL 60.2 nf
23R o ® st om, 1090 Tt TebA] o] HKEAL S FASkL, 45T
A AzEAY AxE ARE Wi Rsigoy, B2 st 0.5 mm A2 A
w3t A3 T

. BT B 554

Sebx) ®elo] 45N 2 AAE PR Pelel Dol FFoIA 1 em o}
g 1oz ), Awele] g, 2 A #718 =AY,

|

3. F7E g%

TIN5 sheFe 2]E 3 vHAAEAIYHKFDA, 2011)S EUIZ 3 52 23] H(NIAST,
2000)°-2 A3k th AR 0.5 goll 65%2] HNO; 3 ml 3} 30% H,0, 1 ml-2 teflon bottleo] H-

% o5 AAHY AlFLHoZ 39 2™, microwave digestion system (Ethos-1600, Milestone,
=

h=4 -1
Sorisole, Italy)S ©]-&3le] Hu 2 B S AT

~

AP FEUPH S Park 5(2000)°) Xl?ﬁ& o g TR | g& 70% ol EHE 50 mlol
Tt 45C FzolA 2A1RF I’ £ 4,000 rpmoll A 153 AAEE st G5 F=
< 23] #H , °|AS A} F=3d HPLC-grade S/ 10 ml o] 3}

AbEd gheF B4of AF2-H HPLC+ Agilent 1260 Series HPLC system (Agilent Techolgies,
Delaware, OH, USA)S o] &3}a] =43} th. HPLC 242 Cig (4.6 x 250 mm, 5 pm, Shiseido,
Tokyo, Japan) Columns AFE3IATE ©]5 42 Water, AcetonitrileS AF8-3}% 2.1, Acetoni-
trile B1€&-< 0 min (18%) - 22 min (18%) - 32 min (30%) - 60 min (50%)% =314 o2 23}
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ATk AEIE-L 203 nmoll A ZF AT

APZd EFAEE s d HAAE EZ-23(Natural Substance Bank, Korean
Promotion Institute for Traditional Medicine Industry, Gyeongsan, Korea)> ZHE Fofi-o
platycodin D, platycodin D3, deapioplatycodin D, polygalacin DE Z+2} 1 mg¥ FH 3t S/
10 mlol] 5o HPLCE EFE AFEY §98 A AT TFFS 27 100, 50, 25 un/nl 2
Z43te] FFHS HEATE 7 ALEd EFY 10 uLE F 3 HPLCE ZH&3sta, 2 s

AR o2 E BT
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ARE 80% HWEHEZ 2A17F F<F 33 Z®SFE(SK-71 Shaker, JEIO Tech, Kimpo, Korea)
3k o2 o3ste] 7dE3(Eyela N-1000, Tokyo, Japan)dle] H-& FEEo thd+ 3 poly-
phenol 82 Folin-Ciocalteu phenol reagent’} F+E=2| ZE|=4 3igtEol 2os) U=
Ay Z2EE o2 WAlst= YglE B3 A th(Dewanto er al., 2002). 72+ FZE 50
pLoll 2% NaCO; 8 1 uLE 7}gk & 3837F WX3ke] 50% Folin-Ciocalteu reagent (Sigma-
Aldrich, St. Louis, MO, USA) 50 uLE 7}tith 304 & ¥hgoe] 3% 3hE 750 nmol A]
=439 BFEZR gallic acid (Sigma-Aldrich, St. Louis, MO, USA)E AF&-3le] A
S 2 A L I AL y=0.003X (R2=0.989)F UEF O™ g F2| mg gallic acid (dry
basis)Z UEF AT} 3= flavonoid - Dewanto 5(2002)2] ol wel =55 250 pLol
£ 1 ml9}F 5% NaNO, 75 LS 7}k ohe, 55 3 10% AICh 6H0 150 pL, 7Fate] 63
28kl 1 N NaOH 500 pLE 7}t 118 &, w99 §3= S 510 mollA =4
st EFEZ I (+)-catechin (Sigma-Aldrich, St. Louis, MO, USA)E AR8-3t AFHS
243k AL, 3] 2412 y=0.005x (R*=0.998)% VEFSE O™, A S ¢ 52| mg catechin (dry basis)
.2 YR AT F tannin 352 Duval?} Shetty (2001)2] ol wel SA3Ah S, Al
S 89 1 mlol 95% ethanol 1 ml &} =FF 1 nlE 718k & 50 T3 5% Na,CO; £
1 ml 2} 1 N Folin-Ciocalteu reagent (Sigma-Aldrich, St. Louis, MO, USA) 0.5 nl & 7} 3 4l
2o A 6087 LAAZ] TS 725 nmoll A FFEE =48 O™, tannic acid (Sigma-Aldrich,
St. Louis, MO, USA)Z XZ=EZE 774 (y=0.0097x, R=0.9769)% ZHAste] A& g F9
ml tannic acid (dry basis)Z WERATH

6. ABTS % DPPH vz &£#A24 74

o
ook

== o FArsl e & ABTS (2,2'-azino-bis-3-ethylbenzo-thiazolin-6-sulfonic  acid,

Ay
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Sigma-Aldrich) @ DPPH (1,1-diphenyl-2-picrylhydrazyl, Sigma-Aldrich) radical®] AA&4S
=435l MTh(Lee and Lee, 2006). ABTS radical®] 4£AE/d-2 ABTS 7.4 mM3} potassium
persulphate 2.6 mMS 3} 5¢F 4ol Wx|sle] ABTS 4o]&2 FAAZ & o] &4
735 nmol A FF= Fhol 1.4~1.57} HES EFFA F(e=3.6<10" M'em)E ©] &3l wie
<2 34514t s|AE ABTS €94 1 mlol =9 50 uLEe 718t F3=9 HIE A
3] 308 3o =R o, TFEHZA Trolox (Sigma-Aldrich, St. Louis, MO, USA)Z &
#7138F%93L, mgTE (Trolox equivalent antioxidant capacity)/g 2 X33} th DPPH radical
2AEAHL 02 mM DPPHE94(99.9% methanol®ll 83f) 0.8 mioll AlE 02 mlE 7}
520 nmol Al AE3E] 308 Foll FHE AAXE FHsIAoH, EFEHEA Trolox
(Sigma-Aldrich, St. Louis, MO, USA)E &% #7159 3 meTEeE EA3I T

ot 1o o

BE AFE 33 gHEo = o APAAE WO = YeERH I SAS Enterprise guide 4.0
< o] &3t A4FEFS AL, One-way ANOVA testE AAIH & HA Fo)2F AH(LSD)ol <&l
B ko] ol AkE p<0.05 oA ol ApolE AFetR o, A dolo g Ab
I P s 9 90 FAAA = Pearson’s correlation & = 5%2}F 1% &
oA EAstAdth

REREEEE

F714 v A&l wE =ebA AR g B 515k 54E& =A% 2
3} 2t} pHO BEFL 6.622 UEhon, BA2 ol 71 3 61602 YERGL, §7]
AU g AlgTolA M EL 6988 UERTE FEA s s g, fr1du s
EH] A&TelA 0.17~0.15%F EA YEbon, §71E e EH A&l Eodth
FAgTFAME FH4, 718 2 FEIL ol 7HE 9HA vEhstth At =244
AujR o] i FAL, F71E D FEJAL FF 52 Lee 5(2014b)o] Rk A3} FALG
AdRE B, pH HHahd £ A4
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Table 1. Chemical properties of soil samples for Platycodon grandiflorum radix by different
fertilizers applications

Ex. cations
pH EC T-N OM | Av.P,0s

Treatment K+ ‘ Ca** | Mg*

(I:5) | (dS/m) | (%) | (g/ke) | (mg/kg) (cmol(+)/kg)
Chemical F.* 6.85 0.15 0.17 19.5 268.1 0.17 4.65 1.40
Bacterial culture F. 6.39 0.10 0.05 174 183.1 0.11 3.87 0.81
Mixed organic F. 6.98 0.13 0.16 22.7 230.5 0.22 4.75 0.98
Fermentation cake F. 6.53 0.10 0.09 233 222.1 0.17 4.36 1.12
Decomposed manure F. | 6.80 0.15 0.15 27.8 171.8 0.36 4.86 1.20
No F. 6.16 0.26 0.03 16.8 130.4 0.20 4.70 1.64

*F.: Fertilizer

714 vlE Ao M2 =k Bele] 542 Table 29 2. ¥l Aol 3}8Hy]
29 712 v g LTl 253 e} 24.0 en= 7HE A om, ok A&l A b #
< 153 anE YERT A A E SsHH g Al&TollA 7HE F& 26.6 mE UEFE O,

o= dujdAet 71 EH ASTE UERT A2 e f71ER R E5hhl s
AETFo A 74 Be 200709 17.070 2 ZAFE QoW S5 AH A o] e HAFS A
9] ¢} B dor} 7 AA f71EHIE A&TellA 557 g0 & 7P A UERsTh

Table 2. Characteristics of Platycodon grandiflorum radix by different fertilizers applications

Treatment Root . Fresh
Length (cm) Diameter (mm) Fine (no.) weight (g/root)

Chemical F.* 253" 26.6° 17.0° 42.1°
Bacterial culture F. 19.8® 23.6™ 13.0° 41.5°
Mixed organic F. 24.0° 23.0° 20.0° 55.7%
Fermentation cake F. 5.3° 20.8° 7.7° 39.8°
Decomposed manure F. 20.5% 22.0° 11.3° 41.6°
No F. 19.3% 20.6° 6.0° 35.5°

"F.: Fertilizer, " Mean with same letters are not significantly different in DMRT (p<0.05).

oleidt ANE E)E Y] MAL, 471E 9
o] mx|= Jio] A= 7EY ATAH} FA

2F gheFo] kA By A 9
Aoz E & Qlti(Lee ef al., 2011,

e
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2014b). =244 9] ‘|T7]ZHHH A FERL BE, A SUE A Alxd o] Be A2
9] 4(Lee et al., 2014)E A 7171 A8l A7 AR R E o] &3k Zlo] A d Zo= A
SR

2. EepA P S

=R BEe) R8RS 24 A Table 33 2th A4 k2 Hulg sEu R
Aol Al 211, 206 mg/100 g2 7HE EA Uebsow, e S8t g A2 TolA 83
ng/100 g 39kl F-A oA Y 73 mg/100 g &2 UERGT Al ee) FH o]0
2 UYEFH 3 Ade] HEQY F2 7S 2-s, 18y oA x5l &3
Ao g2 dHA e(Lee et al, 2013) ZF-S S5t E A2l ol A 580 mg/100 g & =4
e, duj Ao f-71 885 Al§Foll A= 420~421 mg/100 gO 2 WA ZARE AT

EF2 A Al8FolA =33, rtavls2 EHl Al§TFAA A4 YERT o] 2%
A= Aok, gy 9 379k 2ol A F AgH f71E vlEd] we} Al I
TS nx= A2 AASHTKKIm er al, 2010; Lee and Lee, 1998; Kim et al., 2014).

Table 3. Mineral contents of Platycodon grandiflorum radix by different fertilizers applications

P,0s K Ca Mg Na
Treatment
F N --+ mg/100 g e
Chemical F.* 206" 580° 83° 156° 12.5°
Bacterial culture F. 177° 420¢ 78° 120¢ 15.5°
Mixed organic F. 145° 421° 77 124° 10.1°
Fermentation cake F. 113¢ 520° 634 94° 10.9°
Decomposed manure F. 211° 516° 77 164 9.7¢
No F. 175 470% 73° 102¢ 7.9¢

*

F.: Fertilizer, " Mean with same letters are not significantly different in DMRT (p<0.05).

< EHAE o]Astr] A 7HIE f71E BlR A st 45C oA dxste] Abxd §
S F49% A¥= Fig. 13 2t} Plantycodin D3 $HFoll A= S 40.6 mg/100 g 2l
S7olA 71 =L 48.1 mg/100 g2 YERSTE Deapioplatycodin D F-H] o) A
9 , UM A Al &0l & 28.1~54 mg/100 g O 2 Lee 5(2014b)°]
F 7 = Tl 15~88.2 mg/100 g ARG ASE ZAME QT

oL
N,
18
lo
:g
R
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Platycodin D®] 3+&-2 327.4~373.8 mg/100 g WHE 71 @AW 8 A& F2 Fol v
Elgton, Fn)Fol A 71 GAl YER T Polygalacin DO &3-S A3t 71 zpo) 7t
A= Bu) A gTol A 336.7 mg/100 g2l HFAo] kA e} F-n o)A 54.5 mg/100 g}
74.2 mg/100 g F YAl YERGT

400

ab

| Chemif:al F.* 7 a i
N R Freici g 2

g’ 300 BRI Fermentation cake F. % B
e B Decomposed manure F. %
2; A No F. %
Tl; 250 é
“’é; 200 é
i /
£ 150 é
: %
© 100 - %
: .
50 [ b, b b o ¢ c é

Plantycodin D3  DeapioPlatycodin D Platycodin D

Fig. 1. Saponin contents of Platycodon grandiflorum radix by organic fertilizers.
"F.: Fertilizer, ©* Mean with same letters are not significantly different in DMRT (p<0.05).

olggt A= AT & Aol HolA| o), MukAQl Zepx| o) Alxd &
7148 vlg Al&TEC vlaf FrlFo A e gho]l UEhY, Edke] 3letd i Fo
Uelgths Bae) gutE= A2 UERSTH(Lee er al, 2014b). =3, Z2kA]2] {714 )
Al FHFARALE BEE, g SUE Y% A gaFo] W o] 4 (Lee ef al., 2014
FUAIZI7] A&l F71EHIRE o] &3k Zlo] AFHY ASE AsH

rlo

.
2‘: ol
o

o

Polyphenolic 3IHEE2 3 I4HEE S 7L e o= 4#A o, o+
free radicalS SHEEAIZ 4 A= phenolic ring?] A W& Aoz RyEoH Jrh
(Middleton and Kandaswami, 1994). #7132 H]EA]&] 2 F polyphenol -2 {712 H]
T AE&TNA 155 meglg 7 =4 dEl o, EH&E A g TolA 9.1 mg/gl® WA
UEFSETHFig. 2).
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Il Chemical F.*
16 - a Bacterial culture F.

B Mixed organic F.
B Fermentation cake F. ||
B Decomposed manure F.
[N No F.

14 -

Polyphenol contents (mg/g)
Flavonoid contents (mg/g)

/
.

Fig. 2. Antioxidants for different fertilizers applications of Platycodon grandiflorum radix
(A: polyphenol content; B: flavonoid content; C: tannin content).

*Value with different superscripts on the same kind of bars are significantly different at p<0.05 by
Duncan’s multiple ranged test.

Flavonoid= <2 anthocyanidins, falvonols, flavones, cathechins 2! flavanones 522 T4
Hol o, I = wEt 54 flavonoids A4St B A T TS AR ES 7
I e Ae2 BHuHEI thMiddleton and Kandaswami, 1994; Choi et al., 2013). =2}4]
9] flavonoid FFAAME F71AHE AlETFollA 71 F2 153 mg/go = YERR o™, fHb
ANgTolA M Be 50 mgglZ ZAMEUT Tk 9 UV‘@} dZ°l A polyphenol 7
flavonoid &% B5F F71ANE A|&FoA =4 YHeElGor, 35 {70 E Algol u}
& e AEAT T TR Q71 ol FojHof & ZloE AHT 3, AAA O &
A 3}= Polyphenolic SFEHE-2] 5ol we} d4ks} 9 2bo|7h 9O W (Hang ef al., 2013) A
z5=2tA T T HE=A =l B3 APATelA dAE S AdAEHTL e Hew
WU (Hang er al., 2013) E2bA] eFg]Adol Atxd B wrofue} #5433 EdE AEUE
HEZF 4% Zlog AsdH

5.

oot

Hs} 2

gk

iy

ABTS+ Bl A QAT free radical 241 DPPH ®HHH 3} &4 d43l&Ad e ~3addsts
o FE o|&FHE= Ao g {74 v5d] W2 ABTS radical 2A AL 318t 8 A| LT
A 65.7 mg TE/g 0.2 7V A Uehgkon, 2uTo| A 13.0 mg TE/O.2 7H4 W et
S THFig. 3).
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7 10

I Chemical F.*
Bacterial culture F.
6 r BN Mixed organic F.
BB Fermentation cake F. + 18
B Decomposed manure F.
[ No F.

b

ABTS radical scavenging activty (mg TE/g)
DPPH radical scavenging activty (mg TE/g)

0

Fig. 3. Antioxidant activity for different fertilizers applications of Platycodon grandiflorum
radix (A: ABTS radical scavenging activity; B: DPPH radical scavenging activity)

" Value with different superscripts on the same kind of bars are significantly different at p<0.05 by

Duncan’s multiple ranged test.

A5 B4 radicalol A AAE Fofste] QA9 =3} A2 A FFo A
A 4slE AT HEE AMSEOAH, A=A ] dksts S A FE AMEEH
E(Shon et al, 2001) DPPH radical Ao = A&7 F2oAlo] YehtA ekttt
Park (2013)°] B3k X187 sAA A 2ol W& A5 w3t oA FoAo] fl
© AF dAsh= Ao 2 YEyTH

B A dolol] wWE ATy §F, B4 AREol T} A% BAHY

HA

ox i

EehAe] 71 vlE 7] Algoll mE ArEdd Ry AR 5 24| dad
AE SAS program ©. 2 l‘i—éﬁﬂ- A= Table 40142k o] Foj o] Yl Aoz YERH
Platycodin D3¢} DPPHS}FS| @A = 07452 15 AHHAE BH oY, yma i
M AEEATE e Ao ‘/PE} .

=24 AujAl 771 BIRE 78] Algol wE ARG kgL 5 243t
FHBAE ABHA Fou, FEFAY A FF 5o WSt = Fulgtet FET
2ol 7t yehston, 53] stenl el {71 v 83| AU Bl kst Eoll tiel
AT F7F A7 ol FATE, LFEE F7IAN =epAE AR V2AER S8
< AoE AlsdH
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Table 4. Correlation coefficient between antioxidant content and saponin content Platy-

Polyphenol Flavonoid ABTS DPPH

Platycodin D 0.333™ 0.396™ -0.133™ -0.258™
Platycodin D3 -0.260" -0.021™ 0.073" 0.745"
Polygalacin D -0.118™ 0.058™ 0.106™ 0.312"™
Deapioplatycodin D -0.209™ -0.198™ 0.146™ 0.169"™

ns, *, *

: No significance or significance at 0.05 and 0.01 probabilities, respetively.

V. A L+]

o] A7 ZEtA Y FA7IAME S5t 714 Hl® Algo] kx| B YHEA 9
A, @St &4l mX| & gataat AAFEIT 33T A E o] 45
A 7 E SsHH g, f7]dH R A, e 2 FHHlE A8 A9, Bele] Aol g
S F o} 4712 HlFE AlETOlA 253 en@t 24.0 cnZ 7P Alom, 2% 38
T AETOA 7P & 26.6 mm UERRTE 2o = 7| A EE 9 EH g A&
A 7HE B 200708 17.070 % 2=ARE SO, R BEAdo] s AT F7I1ENE
Al&TFolA 557 g2 718 E=A] YERSTE Platycodin D] 82 327.4~373.8 mg/100 g2
HA= %7]1251 H] Al&Toll A & gho] YEytom, Eat2] 9] F polyphenol ¥ flavonoid
FEFS F1EH s ATl 2 155, 153 mg/g 7HE E=A UERRTH whebA =R ¢
F A 7R R A STolA FHAAS B2, FPA FUE S Alxd o] B

o AT ot Fatsh Yo wE Ao e,

|

dFe 7
o

[Submitted, May. 3, 2016 ; Revised, July. 25, 2016 ; Accepted, July. 26, 2016]
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