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Soil Nutrient Quality Evaluation of Genuine Medicinal Material Producing Areas Based on

Minimum Data Set

CHEN Pingfeng', XIA Feiqiang', TAO Chunjun®, YU Xiaohong', SONG Ci'

(1 Anhui Institute of Geophysical and Geochemical Prospecting Technology, Hefei 230022, China; 2 Geological Survey of
Anhui Province (Anhui Institute of Geological Sciences), Hefei 230022, China)

Abstract: To establish a minimum data set (MDS) for evaluating soil nutrient quality in genuine medicinal material producing
areas, this study focused on soils of four medicinal plants: Paeonia lactiflora, Paeonia suffruticosa, Chrysanthemum morifolium,
and Angelica dahurica, located in Qiaocheng District, Bozhou City. Utilizing 17 physicochemical indicators derived from 125
samples, key indicators were selected through principal component analysis to construct the MDS, allowing for a systematic
evaluation of differences in soil nutrient quality among various medicinal plant cultivation areas. The results revealed significant
variations in soil nutrient characteristics: Paeonia lactiflora fields exhibited higher total levels of nitrogen, potassium, copper, and
zine, but mild deficiency in available potassium (AK); Paeonia suffruticosa fields had the lowest concentrations of AK, total
manganese, total copper, and total zinc; Chrysanthemum morifolium fields displayed reduced total levels of calcium, copper, and
zinc, yet elevated AK; whereas Angelica dahurica fields showed the highest amounts of organic matter (SOM),
alkali-hydrolyzable nitrogen (AN), and available phosphorus (AP), but suffered from severe AK deficiency. The MDS indicators
varied by medicinal plant type and demonstrated a significant positive correlation with the total data set (TDS) in evaluation
results (R? = 0.686—0.821). The soil nutrient quality index based on the MDS was ranked as follows: Paeonia lactiflora (0.503) >
Angelica dahurica (0.494) > Paeonia suffruticosa (0.483) > Chrysanthemum morifolium (0.414). In conclusion, the MDS
effectively represents the TDS in evaluating soil nutrient quality in genuine medicinal material producing areas. It is
recommended that categorized management and precision fertilization be implemented in different medicinal cultivation areas to
enhance soil nutrients and promote sustainable development.

Key words: Minimum data set; Principal component analysis; Soil nutrient quality; Genuine medicinal materials
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Fig. 1 Soil sampling sites for medicinal plant fields in study area
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Table 1  Soil properties of different medicinal plant fields

Ef=ta 7 FHEz i e FIIE ST 5
pH 8.38+0.13ab 8.45+0.13a 8.36+0.11b 8.45+0.11a 8.34
N(g/kg) 1.006+0.178a 0.891+0.19b 0.923+0.213b 1.112+0.176ab 1.124
P(g/kg) 1.232+40.288a 1.144+0.322a 1.269+0.318a 1.168+0.291a 1.087
K(g/kg) 22.0+1.7a 21.0+1.6b 21.242ab 22.14£2.1a 214
SOM(g/kg) 15.143.1b 13.6+3.4b 14.3£2.6b 16.842.7a 17.7
AN(mg/kg) 113.9+85.9bc 136.6+87.8b 75.1+15.4¢ 199.1+104.2a -
AP(mg/kg) 28.8+23.8bc 38.4+28b 20.9+10.6¢ 60.7+30.5a 15.15
AK(mg/kg) 225+125a 143+143b 274+142a 133+184b 250
CaO(g/kg) 63.7+13.0a 64.0+7.2a 56.4+10.0b 61.9+17.4ab 57.5
MgO(g/kg) 25.3+2.3a 24.1%1.9a 2434222 25.242.6a 239
B(mg/kg) 56.3%11.0a 55.8+13.0a 52.1+4.8a 51.5+8.3a 52.7
Mn(mg/kg) 785.4+108.3ab 697.7+114.9¢ 732.5+131.7bc 801.8+121.1a 768.8
Mo(mg/kg) 0.66+0.11a 0.6340.1a 0.65+0.11a 0.67+0.17a 0.62
S(mg/kg) 221+36a 211+27a 221420a 225+28a 210
Cu(mg/kg) 30.7+4.7ab 27+3.7¢ 28.6+4.9bc 3244432 30.7
Zn(mg/kg) 86.8+£10.5a 78.5+£10.8b 80.3+10.9b 87.2+14a 82.9
Se(mg/kg) 0.217+0.032a 0.214+0.038a 0.209+0.023a 0.223+0.034a 0.231

I RPRFTARNG TR R R A R 258 0 22 57 .35 (P<0.05); “—" SRR TOACAE.

22 BETERSHRHNR/NEEEHRE

Wk 2 s, XFFHEATHL, X 17 A bR
AT EA 0T, FREBARIEE =1 8 E 5 5 A4,
H BT E 5T RN 86.13%. % 1.4.1 T EH A
febrorh 5 d4l. 5 1 48k, K ) Norm N
2412, fm THAbIE bR, #M S Norm {H 90% LA
Ry EE AR, fHEH K. MgO. Mn. Zn #E AT
BEFERR . M AT (B 2) &8, K SHNHAE
B 359 5 2 A OGP A PR B Norm B H5 K19 K #EA
4 MDS. 5 2 4148FrH, AN ) Norm {H % ,
AK A Norm {H ik 2 B (b5 JE AL S bR, T
AN I AK Z [H[FHC ZECH -0.66, 7T Norm {H i
KEIJEN], B AN AL MDS. 26 3 HiEs
PR A B BB R E ) N A SOM HE A Tk FE 45
T FH MK RECH 0.96,SOM K Norm {H % K ifi
AR MDS, 5 4 413545, pH. AP K5 (A
PrufEdE AT TS bR, T P48 B E] JC 2 2 AH 50k
W] gk A MDS. 5 5 d48 45, B B9 Norm {H
FKikF| Se ) 90%, 1X Se ik AFZ MDS. 4,
AT b 35750 B A MDS F8 bRt & K. AN,

SOM, pH. AP, B. Se.

[FIEE, XFFPRRz . B A0 H A T, SE et T
SO HTRRBURAEAE =1 19 AT, LR 25 sTmkR
35K 89.13% ., 85.47% 1 90.77%(F 2). HRIEFEHR
534 . Norm fH(ER 2) FAHICHE /T (Bl 2), HeZHfie
FF Kz b A 3985553 BB P FA MDS #8457 Zn, AK,
pH. S. Se. B; #{EMfl® K. AN, AP, P. Se;
HiEHfu & K. AK, SOM, B, P,

23 TEFSREITFM

FETORIR 250 H = o A4 2R, TDS 4548
FRA S A TR — 48 AR A 07 22 5 2 e bR A
PRy 22 ORI FAE A 2 )5 1 MDS Hh 48 bR AR
D3 315 MDS H1 454545 ) Norm {E5 Norm {H.A
I HLAE RSP, TDS Fil MDS H + 3245 35 7046 r AL
HEAR IR 3,

MRYEFEPRACEE AR B, THA A AR TDS-
SQI #il MDS-SQI(&] 3), Hr A b — 35 5 H 535 h
0.331~0.731 #1 0.266~0.813, “FH{E 551~ 0.542 F
0.503; F} Kz b — Y5 Bl 433 0.154~0.661 F1 0.118~
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Table 2 Principal component factor loading matrix and Norm values of soil indexes in fields of Paeonia lactiflora, Paeonia suffruticosa,
Chrysanthemum morifolium and Angelica dahurica

bzt AT H bagia:i
PCI1 PC2 PC3 PC4 PC5  Norm 434 PCI PC2 PC3 PC4  Norm 44
pH —0.073  0.672  0.163 —0.531 0.205  1.450 4 —-0.596 0387 —0.526 0.249  2.030 3
N 0353 -0.567 0.671  0.113 -0.107 1.696 3 0.864 —0.069 0227 0345 2489 1
p 0.072 -0.117 -0.435 0.621 0450 1.215 4 0314 —0.044 0.772 -0.358 1.591 3
K 0972  0.024 -0.036 —0.119 -0.064 2.412 1 0.955  0.080 —0.142 —0.053 2.701 1
SOM 0372 —0.559 0.660  0.199 —0.167 1.723 3 0.800 —0.036 0.343 0356 2353 1
AN 0234 0728 0441 0284 -0201 1.633 2 0.114 0935 0.167 0.135 1.770 2
AP 0.147  0.669 0357 0551 0.068 1.557 4 -0.088 0932 0.184 0.188  1.764 2
AK 0221 —0.788 —0.350 —0.145 0.096  1.612 2 0431 —0.816 0279 —0.082 1978 2
Ca0 0.753 0324 -0338 -0225 0.170  2.049 1 0.454 0370 —0.635 -0.345 1.820 3
MgO 0.900 0.136 —0.275 -0.054 -0.079 2.282 1 0.872  0.137 -0.204 -0.327 2513 1
B —0.245 —0.409 0.463 —0.402 0494  1.407 5 0.429 —0.554 —0.194 0509  1.704 4
Mn 0.945 —0.145 —0.010 —0.062 —0.099 2.355 1 0.935 —0.121 —0.177 -0.044 2.654 1
Mo 0.757 0289 -0.057 -0.281 0.131  1.987 1 0.772 0203 -0.471 -0.016 2.333 1
S 0303 —0.141 —0227 0.660 0304  1.293 4 0.469 0319 0.686 —0.314 1.859 3
Cu 0.831 —0.088 0.098  0.103 —0.174 2.079 1 0.937  0.140 —0.022 —0.115 2.650 1
Zn 0.960 —0.141 —0.062 —0.085 0.035  2.393 1 0.981 —0.010 —0.014 —0.106 2.762 1
Se 0.404  0.128  0.579 -0.026 0.590  1.493 5 0514 0372 0510 0342 1.841 3
FRAE A 6.116  3.159 2356 1.890  1.121 7.905 3352 2.668  1.227
BT (%) 3598 5456 6842  79.54  86.13 46.50 6622  81.91  89.13
Eiztan 1 1 b 4511
PCI PC2 PC3 PC4 PC5  Norm 434l PCI PC2 PC3 PC4  Nom 44l
pH -0.505 0.072  0.514 0570 0204 1.758 4 -0.175 0.867 —0.063 —0.061 1.535 2
N 0.514 0018 —0.627 0.409 0371  1.832 3 0.872 —0.323 0.106  0.100  2.703 1
P 0390 0425 -0.432 0.032 -0.630 1.612 5 —0.198 0.641  0.637 0.119  1.458 3
K 0963  0.111  0.171  0.020 -0.019 2.717 1 0.972  0.081 -0.078 -0.125 2.955 1
SOM 0.458  0.122 -0.714 0.141 0433  1.764 3 0.828 —0.416 0.097 0.154 2611 1
AN —0.286 0.877  0.003  0.034 —0.129 1.688 2 0.628 —0.539 0.445 0.197 2.183 2
AP -0.480 0.793  0.140  0.120 0.119 1918 2 0.533  0.646 0248 —0.092 1.966 2
AK 0.668 —0.534 —0.324 0.105 —0.195 2.150 2 0.805  0.112 0292 —0.129 2478 1
Ca0 0.771 —0.192 0488 —0.185 0.058  2.319 1 0.691 0232 —0.009 —0.393 2.169 1
MgO 0.867 0.087 0392 -0.107 0.161  2.515 1 0931  0.079 —0.228 —0.051 2.840 1
B 0.418 —0.570 0.023  0.569 —0.330 1.684 4 -0.106 0349 —0.681 0.498  1.187 3
Mn 0.896 0.110 0276  0.042 0.170  2.560 1 0.929 —0.025 -0293 —0.102 2.843 1
Mo 0.857  0.006 0369 —0.074 —0.114 2.470 1 0722  0.498 —0.021 —0.104 2.343 1
S 0.658  0.245 0421 -0461 0.015 2.061 1 0.786  —0.024 0.198 0307 2417 1
Cu 0.782  0.414 0.106  0.133  0.176  2.318 1 0.940 —0.017 —0.179 —0.069 2.861 1
Zn 0.964  0.134  0.081  0.021 0.046 2.714 1 0.954  0.037 —0.255 —0.007 2911 1
Se 0.507 0557 0.049 0355 -0.325 1.785 2 0512 0384 0.120 0.628  1.805 4
LSRRI 7.856  2.839 2310 1274  1.153 9.199 2746  1.534  1.051
BT (%) 4621 6291 7650  83.99  90.77 5411 7026 7929  85.47
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MR-G5 - BE T die/NEC 4R 1) 25 61 7 b 1 397 0 i DT 755

pH | pH -0.32-0.32 1-0.41{0.34 -0.45| | -0.44
N| * N ).2910.96 | ( 0.33(0.39 0.38(0.35/0.36
P | | -0.29 10.46
K & K 1 0.77/0.90-0.22/0.92|0.74 0.78/0.95
SOM OM | | 0.41 0.42|0.35|0.35
AN AN 0.82-0.66 -0.33]
AP AP -0.63 l-0.28 0.34
AK AK 0.2¢ 0.36
Ca0 Ca0/0.81-0.27/0.62/0.78 0.42/0.70
MgO 20-0.43|0.85|0.67|0 0.67/0.86
B B 1 2
Mn & Mn |0.66 0.81/0.93
Mo & Mo 0.49/0.69|0.34
N > N
Cu Cu |0.81]0.33
Zn Zn |0
Se| * b Se
pH N P K SOM AN AP AK CaOMgO B Mn Mo S Cu Zn Se
[EES3)
pH | pH -0.370.48/ 1-0.421-0.66/0.41 | ).32
N N -0.33/0.79/0.92|0.76|0.34|0.75|0.37|0.72 }-( 0.76/0.44/0.74(0.82|0.79|0.32
P ~0.34 0.42 -0.29 -0.36f | -0.27-0.31
K - K 10.75/0.50/0.54/0.82|0.710.93] 0.96/0.74/0.67(0.95(0.95|0.43
SOM 0.77 0.66(0.32]0.69-0.24/0.730.35/0.730.78|0.77(0.32
AN 0.49|0 0.43-0.45/0.45 0.65|0.48|0.45|0.3
AP 0.59/0.46|0.48 0.42|0.65|0.37(0.50{0.45{0.43
AK 0.53]0.65 |- 0.68/0.50/0.56(0.79(0.70{0.33
Ca0 0.69 0.64/0.72/0.57(0.59{0.64|0
MgO 0.93]0.71/0.62/0.92|0.97|0.53
B B
Mn 0.66/0.60|0.95|0.97|0.36
Mo 0.59/0.69/0.52
S 0.59/0.67/|0.55
Cu 0.96
Zn
Se

pH N P

K SOM AN AP AK CaOMgO B Mn Mo S Cu Zn Se

BAEHL

-1 -08 -06 -04 -02 0 02 04 06 08 1

(*\ **\

pH| pH -0.61-0.25-0.43-0.61 0.371-0.70 -0.421-0.221-0.4¢ -0.60-0.451-0.571-0.31
N N -0.26/0.76/0.97 | 0.46 0.56/0.45(0.78|0.51/0.42/0.73|0.79(0.56
P P 0.39-0.2 -0.48[-0.311-0.33[-0.39-0.55/0.43 |-0.28/-0.26|
K K [0.69 0.34/0.55]0.91/0.33/0.92/0.77/0.34/0.92/0.95|0.42
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Fig. 2 Pearson correlation heat maps of nutrient indexes in different medicinal plant fields
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%3 TDS 1 MDS h HIEZFMERINE
Table 3 Weights of soil nutrient indicators in TDS and MDS

LD AT PRz A6 1
TDS F & MDS #{E TDS & MDS AL TDS & MDS & TDS & MDS #E

pH 0.055 0.124 0.056 0.167 0.054 0.058
N 0.063 0.061 0.061 0.062
P 0.054 0.054 0.06 0.141 0.059 0.162
K 0.066 0.207 0.062 0.067 0.285 0.063 0.274
SOM 0.065 0.148 0.058 0.061 0.061 0.178
AN 0.062 0.140 0.062 0.063 0.211 0.056
AP 0.062 0.133 0.062 0.053 0.190 0.059
AK 0.056 0.062 0.162 0.052 0.057 0.217
CaO 0.059 0.057 0.047 0.059
MgO 0.062 0.061 0.064 0.062
B 0.058 0.121 0.052 0.140 0.058 0.06 0.170
Mn 0.063 0.061 0.066 0.06
Mo 0.052 0.057 0.054 0.058
S 0.047 0.059 0.153 0.052 0.057
Cu 0.051 0.06 0.063 0.055
Zn 0.065 0.064 0.227 0.067 0.062
Se 0.059 0.128 0.051 0.151 0.056 0.174 0.052
* ns
1 1
100 [ T o 1 I ns 1
ns *
1 1
ns ns
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— e °
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Fig. 3 SQIs of different medicinal plant fields based on TDS and MDS
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T4 A ERERET MDS-SQI 5 TDS-SQI &Y
R B

Table 4 Comparisons of correlations between MDS-SQI and
TDS-SQI under different threshold settings

2yt RME

JRIERAA R AR A iRok bREZEik
FIAT 0.716 0.686 0.714 0.705
P H 0.722 0.708 0.663 0.719
B4 0.859 0.821 0.786 0.848
(Efrize:i} 0.756 0.735 0.742 0.742

e PO AR FER R 7 125

X 2N 25 K1 b 1 33 pH BRI AT S5 RAH L, AR ZE 5w
. RS ERRRUIRSE 25 b1 7 X 15 pH (B 5E4s
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W, X2 S o P BCR ISR I IR FE , 2 1T 52 0 245 14
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#h Tt AL
3.2 FREZHi T IEFR S REEMN MDS SR
AHIEFERGEE T 51 XA 6] 245 44 1 A= 98 55 3 o 2 0F
Wity MDS (A&, HASPRH A 3 25 5 o AR
WAHSCHFIT (3 5), SOM. AP, pH #i% A MDS 45
A, FOM R IEAS [ 256 rh A . AT
FEH, HATHBAIAE M BE A SOM, (AT HL RN 3 76
HISTEA AP, FATHLAIFE I E A pH, X 5 HTA
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TG E HUBR AL A RAE X 245 04 b B A Rk s i B, )
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Table 5 Compositions of MDS indicators and SQI calculation results for soil nutrient quality evaluations in medicinal plant research areas in China
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MDS $5 54 1,

SQI 1345
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PR B A ZukI
A I

LA W AR L e X

LR M T A TR AL X Y

pH. ®& . A%, k. 2. 2.
THASE . AR, AR, ARGk, AR, 2tk

pH. BN ARk, AR A AU
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APLBT, SR, HAA . AR AR AR

T 0.26~0.82, MM 0.49

NI, 4 0.53; JHILRIK, 4 0.34

JE M 0.298~0.784, Y{EH 0.565

JEH R 0.212~0.678, H4EH AN 0.458

T AR AR

JI1 7= T H 2454 20 e X 27

b . HUSIRAL . A WL, MAIRKER . Bk
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2174 (0.226)

JEHE M 0.146~0.560, YJ{E A 0.280
JEE M 0.353~0.833, H{H 0.604
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