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ABSTRACT

Background: This study was conducted to investigate the effects of fertilization with the application of mixed organic matter after
cultivating green manure crops on the growth and saponin content of Codonopsis lanceolata Trautv.

Methods and Results: Five type of cultivation of green manure crops were done: hairy vetch as a single seedling crop (HV), hairy
vetch and rye as a mixture of seedling (HV/R), additional fertilization with mixed organic matter after cultivation of a seedling mix-
ture (HV/R/MO), chemical fertilizer (CF), and a non-treated control (NT). The total nitrogen content was the highest in the HV/R/
MO treatment, followed by the HV, CF, HV/R and NT treatments, respectively. Nitrogen fixation was higher in the single seedling
treatment with hairy vetch (HV) than in the treatment with a mixture of hairy vetch and rye seedling (HV/R). Moreover, the growth
of C. lanceolata was greatly increased by the application of additional fertilizer after treatment with the mixture of hairy vetch and
rye seedlings. The HV/R/MO treatment produced the highest total lancemaside content among the treatments, followed by HV, HV/
R, CF, and NT, respectively.

Conclusions: It was verified that C. lanceolata experienced superior growth with the application of mixed organic matter as addi-
tional fertilizer after the cultivation of green manure crops, and the content of its major saponins, lancemasides were also increased
by this treatment.
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Table 1. Change in soil chemical properties by cultivating green manure crops and additional fertilization application in Codonopsis

lanceolata cultivation.
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. Date of oH EC P,Os Ca Mg K NHs&-N  NO;-N T-N

reatment sample 15 s/ Ik
collection (1:5) (dS/m) (me/ke) cmol(+)/kg (mg/ke)

NTY Mar, 20 6.8% 0.2° 116.6° 5.3 0.8 0.2° 6.4° 0.0 6.4°

CF? Mar, 20 6.1° 0.8 230.12 4.2° 0.7° 0.3% 6.8 16.3° 23.1°

HV? Mar, 20 6.6% 0.5" 132.2° 5.22 0.8 0.3% 8.2" 45.52 53.7°

HV/RY Mar, 20 6.8 0.3 109.9° 5.72 0.8 0.2° 8.8" 6.7 15.5°

HV/R/MO” Jul, 5 6.7 0.8 118.0° 5.8 0.9° 0.3 16.3 58.9° 69.8°

UNT; Non-treatment, ?CF; Chemical fertilizer, YHV; Hairy vetch, “HV/R; Hairy vetch + rye, ?HV/R/MO; Hairy vetch + rye + mixed organic
matter. *Means with difference letters are significantly different at p < 0.05 by Duncan’s Multiple Range Test (DMRT).
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Ze] 7t §AAT} (Table 1).
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EF N 2 BEY EY4 N FEHe] 7] (Lim er
al., 2012) ol slojew X<} o] HA mEHleS -
dozHN EPWlg dAvgde Sul A1 F s Aol
gk B A9 1] (75%) + oA (25%)E &3t
gk A ol oF 7%bE Siske oE Bl HIL glof
(Kim et al., 2013) 9] YoM slojgjwx|e} sHe] A
AuEHlE ATe F7IE FE A oF & o= BT
tg] FF:AH S N-P-K: 6-6-6 kg/10a°]L} 2ulsk EoF
Me 9 B AHE A3 Uk (RDA, 2009). £
P = Y9 HF FHA7]6] g5 F2 & 70 A
H|2 ER71ES 4kg/10aS AE319S A9 A =
FEE 87 kg2 AA DATFH 6kgRT) 45% A% %
Sk AS VERY Sloflux] Aol 91714 HlE AH]
3] SPFHIEE A & F USSR F ASTh
o|AL FojEu ol 23 AirvHTo] 5.7kg/10a%1H] 2
g B¢ FEo] o] gHAY £8H AL F 30%Y=E Fo]

g Aoz otdc)

[e]

=2

B od

& of v

af| o 2] H =] 2] 70 ¥ F HAghgo] BF E
Echs B e whE (Lim er al, 2014), EY 5 2
Shefo] 30 AAo] HIE 7|FOE 120 U7HA MAE 7+

t3E B3 (Sung ef al., 2008y th7] €7 2 EQk
o wpe} Eal&Ert AEe] the ZoE Kl

OB b
o mot

B2l ohigt X2 2t

ENov. 0 Oct. 7 Sep.
10.0

8.0 Effect of additional
fertilizer

6.0

40

20

Amount of nitrogen fixation(kg/10a)

164% 12.5% 21.4%

NT

0.0

H/R/MO

Fig. 1. Effects of green manure crops and additional
fertilization application on nitrogen fixation and
content in soil. NT; Non-treatment, CF; Chemical
fertilizer, HV; Hairy vetch, HV/R; Hairy vetch + rye,
HV/R/MO; Hairy vetch + rye 4+ mixed organic
matter. CF indicates the amount of nitrogen content
in soil by chemical fertilizer application at March.
Vertical bars represent standard error of the means (n
= 3). Percentage number shows the amount of
nitrogen reduction compared with N standard
amount of fertilizer (6 kg) in Codonopsis lanceolata
cultivation.
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ZAELE Al w2 Y'Y (Codonopsis lanceolata
Trautv.)®] AP AS-S 2ARE 23 2732 dlojeiwA] /s
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I 2HE BE FASAE AddA FAE 2o =94t
(Table 2).
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I, Jeon 5 (2016} e 2FEIQ M T F712
HIE A]gol o8l kx| o] SiettaL a3t

Tk QoA f714 BlEAl8o] Rk o] Aol ik
3 BHAL (Lee et al., 1984), 37, A3, BN, 2ok, Wi
F A A 7R HIE AE oBl e 2 AETEel
11-34% =3, f714 Bls A8 o3 ASSTE &
o] ofgAdo] mobx R FHo| IdETL it
(Choi et al., 1989; Lee et al., 2007, Kim et al., 2014b).

wEbA oY ApiAlel EAEZNE Au) 2 FHIE {714
H|E A8 AT 9 At A4S fEsA sted Bge]

o= T
A& o S7PIXITAL AET)

4. Y AMEY Lancemaside@| &tk

EAEAE A 9 FHAE mE YY) F8 AR

[}
= 11/]_‘5

160

=
o

140 9
8
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— 7 ’g
fa, 100 e £
.§’ 80 5 é
L e 4 s
s 3 ¢
o 40 g
2 &
20 1
o T T T T o
NT CF HV HV/R HV/R/MO
Fig. 2. Growth characteristics of Codonopsis lanceolata

under cultivation of green manure crops and

additional fertilization ap?lication. NT, Non-
treatment, CF; Chemical fertilizer, HV; Hairy vetch,
HV/R; Hairy vetch +rye, HV/R/MO; Hairy

vetch + rye + mixed organic matter. *Vertical bars
represent standard error of the means (n = 3).
Different letters are significantly different at p < 0.05
by Duncan’s Multiple Range Test (DMRT).
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Table 2. Characteristics of Codonopsis lanceolata root under cultivation of green manure crops and additional fertilization application.

Root Root No. of Fresh Dry Crude
Treatment length diameter : weight weight saponin
rootlets
(cm) (mm) @ @ (mg/g)
NT? 13.20% 18.3P 4.32 31.4° 6.7° 44.8P
CP? 15.0% 20.0% 3.8 40.7° 9.0 60.2%
HV? 15.3% 22.7% 4.07 43.72 10.7% 62.5%
HV/RY 15.0% 20.7% 3.5 42.42 9.4 59.0%
HV/R/MO? 16.72 24.0° 3.5% 47.3? 14.0° 69.9%

PNT; Non-treatment, ?CF; Chemical fertilizer, ?HV; Hairy vetch, ?HV/R; Hairy vetch + rye, HV/R/MO; Hairy vetch + rye + mixed organic
matter. *Means with difference letters are significantly different at p < 0.05 by Duncan’s Multiple Range Test (DMRT).



Ci=fo| A4 2 Apzd
0.6

mmm NT i

—.’; - C—ICF

s | FzzAa HV
£ [ HVIR wk
= 04l E= HVIRMO
e H
g
g ek
: 0.3 - Nk
% NS NS NS g
— *k H
& 0.2
£ H
@ H
Q H
S 014 iﬂ NS H
) i
0.0 f Iﬁ Img 'ﬁ%ﬁa E §
LanA Lan B LanG Aster Total

Fig. 3. Lancemasides content in Codonopsis lanceolata
roots under under cultivation of green manure
crops and additional fertilization application. Lan
A, B, G and Aster indicate lancemaside A, B, G, and
Aster saponin Hb, respectively. NT; Non-treatment,
CF; Chemical fertilizer, HV; Hairy vetch, HV/R; Hairy
vetch + rye, HV/R/MO; Hairy vetch + rye + mixed
organic matter. Vertical bars represent standard error
of the means (n = 3). "***|ndicate non-significant
and significant at p < 0.05 or < 0.017, by Duncan’s
Multiple Range Test (DMRT).
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