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Abstract - The aim of this study was to investigate the correlation between soil properties and marker compounds contents
of Paeonia lactiflora. The methods of determining marker compounds were validated by measuring the linearity, limit of
detection (LOD), limit of quantification (LOQ), precision, accuracy and recovery using UPLC analysis. P. lactiflora
contained albiflorin at 0.04 + 0.00 ~ 2.79 = 0.21%, paeoniflorin at 1.98 £ 0.14 ~ 6.67 + 0.84%. The root dry weight (RDW)
of P. lactiflora was 0.06 + 0.02 ~ 1.27 + 0.28 kg. The soil properties analysis such as soil pH, electric conductivity (EC),
organic matter (OM), total nitrogen (TN), available phosphate (Avail. P,Os), exchangeable cation and cation exchange
capacity (CEC) were performed following standard analysis manual. The results of correlation analysis between soil
properties and growth characteristics, available P,Os was positively coreelated with the RDW of P. lactiflora. On the other
hand, the RDW of P. lactiflora showed significantly negative correlation with contents of albiflorin and paeoniflorin. The
results of this study was might be help to provide useful information on the establish of standard cultivation by the
investigate correlation analysis between growth characteristics and marker compound contents of P. lactiflora.
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Fig. 1. Chemical structures of albiflorin (A) and paeoniflorin (B) in P. lactiflora.
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Fig. 2. UPLC chromatograms of standard mixture (A) and
extracts of P. lactiflora (B).
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Table 1. Linear regression, LOD, LOQ of albiflorin, paeoniflorin compounds

Compound  Regression equation” Correlation coefficient Linear range (#g/mL) LOD (¢g/mL) LOD (#g/mL)
Albiflorin y = 10371x-4724.6 0.9999 5-250 0.04 0.15
Paeoniflorin  y = 9805.2x+6018.9 0.9999 5-250 0.01 0.05

%y: peak area, x: concentration of compound (¢&mL).

Table 2. Intra-, Inter-day precision and accuracy of albiflorin, paeoniflorin compounds

Concentration Precision (CV, %) Accuracy (%)
Compound

(1g/mL) Intra-day” Inter-day” Intra-day Inter-day

25 0.66 1.85 100.92 100.14

Albiflorin 50 1.37 1.98 100.97 100.66
100 0.94 1.13 96.01 97.40

25 1.74 0.33 100.14 102.57

Paeoniflorin 50 0.51 0.50 101.83 102.91
100 0.91 4.30 101.59 105.12

“Sample analyed three times on lday, n=3.

YSample analyed each day on three time consecutive days, n=3.

S ) 9329 HEE A7E2 albiflorin 6,905, paeoniflorin
7,253, & ALY EARAN FEEHY HElsS
FoSIAO0, AR Hof 2220] TRopETAL ¥
5}o] albiflorin, paeoniflorin®] |37} B2 E=X|& &0l
A, 7} 4ol o2 M0} 7 glol FelERion),
$919) 5216 2| A7k} Ao 25 2] 51216441 A3
& ZAsITHFig. 2).

AN S R
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rir

Method validaiton

A B o] H3-2 9181 albiflorin, paeoniflorin®]
A4/, LOD, LOQ, AE4, A24, 2loa2 Akt 4
A9l =% HE= albiflorin, paeoniflorin ZFF 5 ~ 250 ug
J L 65 350] BR84S BARIT, 2 7)2m
I F5 7o) AAIE Bl FAe Eote] A4Skl 1A

o
A =21 LODE= 747} 0,04, 0,01 ug / mLo| 1L, FA/dE9]
AeFo| 7153t A=l LOQE 2+2H 0,15, 0,05 ug / mLE
UFERITHTable 1), LODS} LOQE ARKSR=T] o] 451 4157}
2 H]L= baselined] I3t noise@} peak 2] AFH]| 2 1 Zfo] W
52 3|5 B2EH0| 2ol 2704 F BEECKHe ef
2015). £419] 7g4d 7}l A= albiflorin, paeoniflorin]

Table 3. Recoveries of albiflorin, paconiflorin compounds

Compound Spiked concentration Recovery” RSD

(11g/mL) (o) =3) (%)

12.5 95.25 1.94

Albiflorin 50 101.93 0.30
200 101.87 1.40

12.5 99.02 0.59

Paeoniflorin 50 98.87 0.26
200 101.34 0.43

"Recovery (%) = [(amount from sample spiked standard -
amount from sample) / amount from spiked standard] < 100.

intra—day”} 22} 0.66 ~ 1,37, 0,51 ~ 1,74 %, inter—day~
1,13 ~ 1,98, 0,33 ~ 4,30%°] “JHE=HAHRSD) & H AT 4
34 P 7}o]| A= albiflorin, paeoniflorin®] intra—day”7} 232}
96,01 ~ 100,97%, 97.40 ~ 100,66%, inter—day+ 100,14 ~
101,83%, 102,57 ~ 105,12%% R A THTable 2). 382 &
= 71 Ay 2 2 a7 g A
L BAslo] Irlslct 1 A1), albiflorin, paeoniflorin®]
Sl8-2 95,25 ~ 101,93%% e, At EEHEXHRSD) £k
& 1.94%0]8}9] 4o = Uehyith(Table 3). wehi] 21414, 4
=5, A, 424, e, 3)5=&2] method validation

ot
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Fig. 3. Albiflorin, paeoniflorin contents of P. lactiflora by
extraction condition. Material to solvent ratio (A), extraction
method (B), and time (C).
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Table 4. Comparison of albiflorin, paeoniflorin contents and root dry weight of Paeonia lactiflora in 39 different cultivation regions

Region” Albiflorin (%) Paeoniflorin (%) Total (%) Root dry weight (kg)
GWI1 0.25 + 0.01%" 2.88 + 0.69" 3.13 £ 0.714 0.06 + 0.02¢
GW2 0.68 + 0.08" 4.44 + (.36%0dneer 5.13 + (.39fdichee 0.12 + 0.02°
GN1 1.06 + 0.41¢%h" 3.23 + .]7¢dhef 429 + ().520kchle 0.92 + 0.22%
GN2 1.36 + 0.30¢0dehet 1.98 + 0.14 334 + 0.44" 0.24 + 0.06%
GN3 0.95 + .34t 2.98 + (.14 3.93 + (.241kichle 0.23 + 0.04%*
GB1 0.33 + 0.06' 2.64 + 0.10% 2.97 + 0.09 0.13 + 0.03¢
GB2 2.58 + 0.43%¢ 2.52 + 0.57" 5.11 + (.2 1dichee 0.14 + 0.12¢
GB3 0.62 + 0.05 6.55 + 0.16" 7.17 + 0.12°¢ 0.23 + 0.09%
GB4 0.05 + 0.011 5.42 + 0.38" 5.47 + (.39dehee 0.40 + 0.08%
GB5 0.78 + 0.20° 527 + (0.47%e 6.05 + 0.64% 0.32 + 0.12%°
GB6 0.42 + 0.04%" 4.16 + (.33¢udhect 4.58 + (.330iche 0.45 + 0.16%
GB7 1.44 + (.02t 3.61 + (.28¢dheet 5.05 + (3] 0kdichee 0.27 + 0.09%
GBS 0.44 + 0.012 3.85 + (.07¢dhect 430 + (.077chle 0.50 + 0.14%
GB9 0.43 + 0.03%" 3.27 + 0.4]°¢i4het 3.71 + 0.39fkihle 0.48 + 0.09%
N1 0.04 + 0.00' 2.32 + 0.06" 2.35 + 0.06' 1.17 £+ 0.08"
N2 0.22 + 0.10%" 2.86 + 0.36™" 3.08 + 0.26" 0.58 + 0.02%
JN3 0.11 + 0.03™" 521 + 0.13¢0df 532 + (.]40dichee 0.53 + 0.05%
TN4 0.76 + 0.44%t 2.61 + (.53 3.37 + (.22 0.49 + 0.07%
JN5 0.26 + 0.09%" 3.05 + 0.541h 331 + 0.47"! 0.59 + 0.12%
JNG6 0.84 + 0.05%f 5.08 + (.23¢0daeet 5.92 + .18 0.47 + 0.09%
N7 0.70 + 0.01% 3.38 + (.]7¢dhect 4.08 + (.]7Mchle 0.22 + 0.09%
JN8 0.41 + 0.07¢" 3.28 + (.33cidhet 3.69 + (.340kihle 0.28 + 0.04%
JN9 0.04 + 0.01° 437 + (.27¢1dhect 4.41 + (.28chle 0.26 + 0.04%
IN10 1.39 + 0.04det 227 + 0.16" 3.67 + (120Kl 0.41 + 0.05%
IN11 2.62 + 0.16" 2.98 + (.48 5.60 + (.550dece 0.37 + 0.04%
IN12 2.79 + 0.21° 4.13 + (.43cidhect 6.92 + .62 0.29 + 0.07%
IN13 222 + 0.17%% 3.28 + (.43¢idhel 5.50 + (.26 0.26 + 0.08%
IN14 0.65 + 0.16%" 2.68 + 0311 3.33 + (.22 0.62 + (.23
JB1 0.80 + 0.37¢T 3.13 + 0.117he 3.93 + (.28kichle 0.56 + 0.03%
JB2 037 + 0.18%" 3.85 + (0.3]¢dhecr 422 + (0.490kchle 0.37 + 0.04%
JB3 037 + 0.10%" 4.44 + (.25dheet 4.81 + (.27"diche 0.78 + 0.094*
JB4 0.62 + 0.36% 2.64 + 0511 3.26 + 0.33"! 0.65 + 0.14%
JB5 0.61 + 0.05<" 4.00 + (.30¢ihect 4.61 + (.33Miche 0.28 + 0.08%
CN1 1.99 + (.42¢bd 5.28 + (.62 7.28 + 0.61" 0.41 + 0.07%
CN2 2.62 + 0.08" 3.17 + 0.18¢thef 5.79 + (.17 0.49 + 0.17%
CN3 1.34 + 0.49¢4ehet 3.41 + 0.30¢%heet 4.76 + 0.36Mhe 0.60 + 0.07°
CBI1 0.40 + 0.15'" 3.16 + 0.25¢Uhef 3.56 + 0.30*h2 1.27 + 0.28°
CB2 1.81 + 0.10c0df 3.50 + (.24¢dhecr 531 + (.32fdichce 0.37 + 0.07%
CB3 1.75 + 0.45¢0deef 6.67 £ 0.84° 8.41 + 0.71% 0.17 £+ 0.03¢

“Cultivation fied: GW (Gangwon-do), GN (Gyeongsangnam-do), GB (Gyeongsangbuk-do), JN (Jeollanam-do), JB (Jeollabuk-do),
CN (Chungcheongnam-do), CB (Chungcheongbuk-do).
YValue in each column with different letters are statistically significant differences(P < 0.05) among the treatments accor-
ding to Tukey's test.
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Paeoniflorin|

Fig. 4. UPLC chromatograms of CW2 (A), GB2 (B), JN3 (C), JN11 (D), CN1 (E) and CB3 (F) extracts of P. lactiflora.

S AJoFE o], pH=4.01 ~ 6,76 0.2 3HlE]QitHTable 5), &
7)1 HAEEE 0,05 ~ 0,31 dS/m, 37| & THFS-1.21 ~ 6,30%,
TS 0,09 ~ 0,51%, A AAR 58 51 ~ 2414, 45 mg/
kg, 2|84 28 0.11 ~ 0,94 cmol'/kg, 2B Z45 1.67 ~
12.20 cmol+/kg, 2|¥Hg nF14|4 0,41 ~ 3,58 cmol */kg, 2|3+
J YEE 0,02 ~ 0,17 cmol "/kg & & VRSt ol 223
27,83 ~ 19,26 cmol '/kg O LERTE, 7]29] ZoF Ajulj%|
o] Eofo|ateld Aol W=, pH 5.5 ~ 7.6, A7 HEE=
0.35 ~ 0,42 dS/m, 375 TFF2- 98,9 ~ 45 1 g/kg, S-a A
2258 ~ 368 mg/kg, A2+ ZHE 0.87 ~ 1.17 cmol ' /kg, X EHA
2 4,15 ~ 10,97 cmolt/kg, 2|8 vFad4 1.17 ~ 3,51 cmol Y/
kg© & ¥ 1% v} QJUHPark et al., 2011), o]} -2 7S u}
Foz 2 Aol A SRk Aok AufA] o] EUEAS 71EY]
AFAnke} fARRE A o= FRIE gt
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ZLoko] Albiflorin, Paeoniflorin gl EQFEA 710

Table 5. Soil properties of P. lactiflora in 39 different cultivation regions

SBBA

@

Region

Soil pH

EC*

oM’ TN*

Avail.
P205W

Exchangeable cation

Ca Mg

CEC'

texture

(1:5)

(dS/m)

(o) (%)

(ng/kg)

(cmol+/kg)

GW1"
GW2
GNI1
GN2
GN3
GB1
GB2
GB3
GB4
GBS
GB6
GB7
GB8
GB9
GB10
GBl11
GB12
IN1
IN2
IN3
IN4"
INS
IN6
IN7
IN8
JN9
JN10
JNI1
JB1
B2
JB3
B4
IB5
CN1
CN2
CN3
CBI
CB2
CB3

Sand loam 5.89+0.04
Sand loam 6.76+1.06
Sand loam 4.55+0.04
Sand loam 4.41+0.14
Sand loam 4.55+0.10
Sand loam 5.49+0.21
Sand loam 4.38+0.12
Sand loam 4.99+0.18
Sand loam 5.47+0.06
Sand loam 5.05+0.05
Sand loam 5.93+0.16
Sand loam 6.11£0.20
Sand loam 4.91+0.12
Sand loam 5.19+0.28
Sand loam 4.99+0.20
Sand loam 6.30+0.11
Sand loam 6.12+0.25
Sand loam 6.7440.15
Sand loam 5.60+0.11
Sand loam 5.20+0.02
5.16+0.06
5.57+0.06
5.12+0.30
5.79+0.11
4.83+0.16
5.74+0.31
5.19+0.12
6.29+0.10
6.36+0.09
5.73+£0.07
4.66+0.34
5.53+0.31
4.01+0.09
4.66+0.06
6.53+0.22
6.360.01
6.59+0.04
6.40+0.05
6.74+0.05

Sand loam
Sand loam
Sand loam
Sand loam
Sand loam
Sand loam
Sand loam
Sand loam
Sand loam
Sand loam
Sand loam
Sand loam
Sand loam
Sand loam
Sand loam
Sand loam
Sand loam
Sand loam

Sand loam

0.12+0.01
0.17+0.02
0.14+0.01
0.10+0.01
0.11£0.01
0.12+0.01
0.12+£0.01
0.05+0.00
0.09+0.01
0.14+0.02
0.14+0.01
0.08+0.01
0.14+0.07
0.07+0.01
0.31+0.06
0.08+0.01
0.07+0.01
0.08+0.01
0.05+0.00
0.05+0.01
0.06+0.01
0.10+£0.01
0.10+£0.01
0.25+0.12
0.09+0.01
0.12+0.03
0.08+0.00
0.13+0.01
0.07+0.01
0.13+0.02
0.28+0.21
0.10+0.02
0.13+0.01
0.08+0.00
0.10+£0.01
0.10+0.01
0.11+0.00
0.08+0.02
0.11+0.00

5.13+£0.15 0.35+0.03
4.99+0.38 0.51+0.05
6.30£0.13 0.51+0.01
3.16+£0.32 0.17+0.02
3.26£0.10 0.17+0.01
5.05+£0.59 0.35+0.08
2.68+0.28 0.16+0.02
1.51£0.19 0.09+0.01
1.66+0.01 0.10+0.00
2.59+0.38 0.16+0.02
3.25+£0.29 0.17+0.02
1.30+£0.07 0.09+0.00
1.55+0.10 0.10+0.01
1.31£0.06 0.09+0.01
4.20£0.14 0.260.01
2.42+0.02 0.15+0.01
4.02+1.05 0.30+0.10
2.15+0.08 0.14+0.03
2.20£0.09 0.12+0.00
4.00£0.23 0.24+0.02
4.22+0.36 0.27+0.03
3.40+0.07 0.21£0.00
2.81£0.25 0.17+0.02
4.74+0.36 0.32+£0.06
5.59+0.25 0.42+0.03
4.44+0.14 0.27+0.01
3.93+£0.05 0.25+0.01
4.13+0.27 0.24+0.03
2.7240.14 0.15+0.00
2.62+0.30 0.13+£0.02
1.76£0.10 0.10+0.00
3.31£0.68 0.19+0.04
5.35£0.41 0.39+0.07
1.21£0.11 0.09+0.00
2.73+0.48 0.15+0.02
2.30+0.04 0.13£0.01
4.27+0.38 0.25+0.03
1.39+0.47 0.10+£0.02
3.32+£0.30 0.19+0.02

172.61£10.5
473.39+£53.64
456.19+£32.62
536.68+80.36
674.36+51.39
525.75+£77.35
87.75+12.21
116.27424.28
132.87+9.85
356.66+63.41
415.15+48.95
636.09+14.62
186.88+24.01
239.34+21.26
1200.02+91.5
570.30+57.11
516.17+120.37
580.15+34.43
360.49+19.81
233.58+13.39
375.20£16.31
743.78+20.71
424.14+61.69
1592.45+233.81
1149.20+52.01
1175.55472.65
211.85+£22.26
850.09+74.05
509.33+116.83
206.12+15.53
575.93+55.66
437.90+180.96
633.30+39.39
58.51+20.65
967.68+103.92
461.96+16.60
2414.45+138.99
472.10£150.90
195.76+9.61

0.25+0.02
0.83+0.10
0.27+0.03
0.67+0.22
0.52+0.05
0.25+0.04
0.13+0.01
0.11£0.02
0.15+0.02
0.47+0.03
0.31+0.05
0.29+0.02
0.24+0.02
0.34+0.10
0.78+0.21
0.38+0.03
0.50+0.02
0.45+0.01
0.52+0.04
0.82+0.13
0.24+0.03
0.94+0.11
0.43+0.05
0.62+0.12
0.41+0.05
0.51+0.07
0.16+0.02
0.70+0.13
0.25+0.05
0.25+0.01
0.15+0.00
0.84+0.21
0.42+0.09
0.21+0.04
0.43+0.04
0.40+0.02
0.54+0.03
0.21+0.00
0.19+£0.01

12.20+0.31 1.01£0.08 0.04+0.00
7.0840.45 1.46+0.19 0.03+0.00
2.89+0.67 0.41+0.08 0.06+0.01
2.82+0.93 0.54+0.15 0.11+0.01
2.78+0.31 0.54+0.07 0.13+0.01
6.4740.45 1.5140.22 0.0440.00
4.41+0.32  0.94+0.12 0.05+0.00
2.71+0.55 0.47+0.06 0.02+0.00
9.69+0.62 2.48+0.58 0.06+0.01
4.7340.62 0.95+0.16 0.02+0.00
9.06£0.76 1.10£0.16 0.03+£0.01
5.29+1.46 0.76+0.06 0.02+0.00
3.60£0.66 0.58+0.06 0.02+0.00
9.3840.61 0.99+0.15 0.04+0.01
5.64£0.98 1.28+0.21 0.17+0.02
5.8240.78 1.23+0.08 0.04+0.00
7.43£2.29 1.30+£0.19 0.05+0.01
7.9840.38 1.37+0.13 0.04+0.01
2.3240.31 0.77+0.11 0.02+0.00
2.97+0.15 1.07+0.01 0.05+0.00
3.56£0.28 0.67+0.07 0.06+0.00
3.80+0.29 0.934+0.07 0.02+0.00
2.2140.46 0.65+0.09 0.04+0.01
6.77£0.51 1.7140.18 0.04+0.01
3.63£0.19 0.63+0.04 0.03+0.00
6.10£0.84 1.0440.13 0.06+0.02
3.00£0.20 0.534+0.06 0.05+0.00
6.87£0.38 1.40+0.11 0.07+0.00
5.83£1.25 0.77+0.11 0.06+0.01
4.69+0.41 1.34+0.09 0.07+0.01
1.67+0.34 0.46+0.10 0.0340.00
4.08+0.85 1.92+0.62 0.09+0.02
2.00£0.44 0.59+0.10 0.04+0.00
3.59+0.82 1.09+0.19 0.14+0.02
7.08£0.20 2.90+0.24 0.05+0.00
5.73£0.33 1.07+0.08 0.06+0.00
7.87£0.40 1.20+0.12 0.04+0.01
5.5740.23 0.72+0.03 0.04+0.00
11.99£1.63 3.58+2.43 0.03+0.00

18.840.14
18.03+0.62
19.26+0.33
14.26+1.09
14.73£0.39
18.81+0.88
13.77+0.92
8.19+0.99
12.05+0.37
13.37+0.94
15.91+0.80
7.83+0.55
9.87+£0.23
10.19+1.59
17.19+£0.67
13.97+0.44
16.92+2.36
12.7840.09
12.56+0.60
16.57+0.51
17.56+0.23
15.60+0.21
13.90+0.71
17.71£0.36
18.50+0.31
17.96+0.51
17.42+0.28
17.77+£0.49
14.52+0.27
13.58+0.60
10.75+0.44
15.88+1.45
18.01+0.61
8.09+0.77
14.92+1.78
12.64+0.28
17.58+0.69
8.94+1.78
17.06+0.63

“EC: Electric conductivity; YOM: Organic matter; “TN: Total nitrogen; “Avail. P,Os: Available phosphate; *CEC: Cation exchange
capacity."Cultivation fied: GW(Gangwon-do), GN(Gyeongsangnam-do), GB(Gyeongsangbuk-do), JN(Jeollanam-do).
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Table 6. Pearson’s correlation coefficient between soil chemical properties and root dry weight of P. lactiflora

Correlation coefficient ()

pH EC? oM e Al K Ca Mg Na CEC"

P,0s
Root dry 0.054  0.193*  0.034  -0.014  0443*  0.I51  -0.032  -0.009 0237  0.058
weight  (0.563)  (0.037)  (0.715)  (0.881)  (0.000)  (0.105)  (0.730)  (0.925)  (0.010)  (0.537)

“Correlation coefficient (r) written are significantly correlated between the variables compared. Negative values denote
negative correlation and positive values denote positive correlation. Values in bracket means p value (“p < 0.01, "p < 0.05).
YEC: Electric conductivity; *OM: Organic matter; “TN: Total nitrogen; *Avail. P,Os: Available phosphate; "CEC: Cation

exchange capacity.

Table 7. Pearson’s correlation coefficient between marker com-
pounds and root dry weight of P. lactiflora

Correlation coefficient ()

Albiflorin Paeoniflorin
Root dry 0218 -0.190"
weight (0.018) (0.040)

“Correlation coefficient (r) written are significantly corre-
lated between the variables compared. Negative values
denote negative correlation and positive values denote
positive correlation. Values in bracket means p value (" p
< 0.01, ‘p < 0.05).
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