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[ Abstract] Objective: To study the soil physical and chemical properties, microorganisms, and
metabolites in different culture environments of Gastrodia elata, so as to provide scientific basis for subsequent
cultivation of G. elata in multiple environments. Method: The tubersphere soil of G. elata cultured in different
environments was collected for analyzing the soil nutrients, microbial numbers, and metabolite differences using

the agrochemical method, plate-count method, and gas chromatography-time-of-flight mass spectrometry
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(GC-TOF-MS) -based non-targeted metabonomic approach. Result: The analysis of soil physical and chemical
properties revealed the highest soil moisture, pH, available potassium, and available phosphorus in the spinney
and the highest electrical conductivity, total nitrogen, alkali-hydrolyzable nitrogen, and organic matter in the
pinewood. As demonstrated by the quantitative analysis of soil microorganisms, the cultivable microorganisms
were bacteria, actinomycetes, and fungi, with the bacterial population and total microbial biomass in the
spinney and the number of fungi and actinomycetes in the barren slope detected to be the largest. The ratio of
bacteria to fungi (B/F value) in the pinewood was the highest, while that in the barren slope was the lowest. The
results of metabonomic research demonstrated that the compositions and quantities of soil metabolites in the
spinney (Z group), pinewood (S group), and barren slope (HD group) varied. Through comparisons between S
and Z groups, between HD and Z groups, as well as between HD and S groups by orthogonal partial least
squares discriminant analysis (OPLS-DA), 18, 35, and 24 differential metabolites were separately screened
out, and the Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis yielded 5, 9,
and 13 metabolic pathways. There existed a significant causal relationship of the soil physical and chemical
properties and microbial numbers with the metabolites. Conclusion: The soil physical and chemical properties,
microbial numbers, and metabolite changes differed significantly in different culture environments of G. elata,
which were sorted by the suitability in a descending order as follows: spinney > pinewood >barren slope. The
soil physical and chemical properties and microbial numbers are the crucial factors driving changes in soil
metabolites, suggesting that regulating the soil physical and chemical characteristics and microbial
characteristics in the culture environment is an important mechanism for maintaining the G. elata-soil-microbial
symbiotic system.
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Table 1  Results of soil moisture content and pH value of

Gastrodia elata growing areas in different cultivation environments
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HD 4 44.02+0.71¢ 4.48+0.05°
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F2 FERBRENRKERBTEERAS T (xs,n=6)

Table 2 Analysis results of soil nutrients in different cultivation environments of Gastrodia elata (X+s,n=6)

AT SR /pScm! A /mg - kg! A % mg-kg! 2R /g k! HHL /g kg % Al /mg - kg’
VAZE 159.30+10.95° 223.35+1.27* 7.84+0.54* 4.57+0.23¢ 139.01+4.91° 376.01+£9.49°
S 192.56+15.70* 222.48+5.87% 4.87+0.78° 5.58+0.05% 171.93+4.43 434.44+6.06*
HD 41 181.67+4.96* 217.99+7.32° 5.42+0.51° 4.94+0.38° 126.85+1.85¢ 428.78+4.16*
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HH R EZNZH448x10" CFU-g', fx /b N S 4
3.79x10" CFU-g'; it £k B % & & £ & HD 4l
5.19x10° CFU-g", &% /> 4 S 41 2.96x10° CFU-g"; f#
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Table 3  Soil microbial composition of Gastrodia elata growing areas in different cultivation environments (x+s,n=6)

. E”@;(‘fﬂ;%(;loﬂ iﬂi%}ﬁ%‘:lw’) bﬁz%;&gﬁ%é?mﬁ) fﬁuzﬁfijm -
ZH 3.67+£0.03° 4.48+0.06* 4.43+0.04° 4.94+0.06* 122.08+2.69°
S 2.68+0.01¢ 3.79+0.03¢ 2.96+0.05¢ 4.12+0.03¢ 141.54+0.73?
HD 4 4.43+0.03¢ 4.11£0.06° 5.19+0.05% 4.65+0.06° 92.74+0.84¢
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Fig. 1 PCA of soil metabolism inGastrodia elata growing areas in

different cultivation environments
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Table 4 Fold changes of different metabolites in pine forest and mixed wood forest

2 A P VIP {8 A5 Al B 1gFC
JilINz 0.027 6 1.82 1 0.63
[y 0.022 0 1.91 1 0.72
[EY 0.023 3 1.56 1 1.75
N-.[k-B-D-H #& Wi i 0.023 4 2.07 1 1.14
Y R 0.028 7 1.91 1 1.33
IONSH 0.012 0 2.06 1 0.58
WhR T R 0.048 0 1.16 1 0.84
BRI 0.0395 1.78 1 0.59
M 0.005 1 2.12 1 1.09
R I I B IR A AL ) 0.001 4 227 1 0.69
T P R 0.028 0 1.88 1 0.89
RREIRSH 0.0330 1.76 1 0.78
2T 5= BRI A 7 0.016 4 1.81 1 1.32
2-F e\ E-1,3- 0.034 2 2.07 1 17.11
Ak R 0.035 4 1.47 1 1.00
KW 0.0379 1.81 | -0.30
1-Z BEHEfELL 0.029°5 1.97 1 0.41
4',7-Z R I 0.030 1 1.52 1 1.82
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A ZE 8 R SPSS 17.0 & MetaboAnalyst 4.0 4%
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x5 XMEHMERAKHDA-Z A HIEEHTHERREY
Table 5 Fold changes of different metabolites under barren slope land and mixed wood forest conditions

2 5 AR P VIP A Ak 1gFC
N-Z, 1k-B-D-H & b iz 0.0182 1.62 1 0.64
IR 0.036 5 1.18 ! -0.94
A 2k 0.005 6 2.06 1 0.61
piy 0.006 8 1.93 1 1.95
a1 0.001 3 2.13 i 0.91
HHER 0.022 7 1.80 ! -1.01
ki 0.005 3 2.05 1 1.35
RO mE B I A AL 0.001 5 1.96 1 0.66
ik e 0.014 4 1.24 ! -1.66
G R 0.047 2 1.99 ! -1.88
LR 0.024 3 1.38 1 1.59
JiE S BRI R 0.002 1 1.15 i 1.35
3-SR R 0.004 0 2.17 ! -6.25
2T 5= W A 7 0.034 4 1.54 1 1.16
Z-11-— A BRIG IR 0.013 1 1.81 i 2.53
IRE 0.004 0 1.90 | -2.11
D-75 TR R Y iR 0.047 0 1.02 1 0.80
IR0 A2 W 1Y 0.042 8 1.87 1 14.34
2-F B\ JE-1,3- 2 0.034 7 1.83 1 16.98
WHER 0.000 4 2.42 ! -1.36
N-Tt-D-2F FL b R 0.004 8 1.81 1 0.68
B-HATR 0.000 9 2.34 ! -2.04
JRE R 0.015 4 1.81 ! -0.22
R 0.024 4 2.25 7 14.51
N-CHEH R 0.000 8 2.34 ! -2.13
4-Z TR HE T R 0.010 5 2.03 ! -1.52
B-YRHEIN TR 0.045 4 1.53 1 0.39
D-F 0.000 4 2.34 ! -1.96
B EE Pt 0.001 5 2.13 ! -0.33
B I 0.030 8 1.84 ! -0.23
il 2 % 0.001 7 2.29 1 3.66
() - AF 0.029 3 1.91 ! -2.66
2-1 O R 0.026 4 1.92 i 14.42
W -1,2- -1, 2-25 0.0355 1.68 ! -0.17
X4 0.004 5 2.16 ! -0.24

1,3- 2R 5 3 SO OC; 1 i & R Y 3-8 R IR 4R

R, PO DU B B 3 ALY, TP 2 -B-D- 1t i 2 7L

BEH, e IR, 200 A M H 5 = B AR

N-LBE-B-D-H 82 Wi e , A2, WUBE 52 2 35 TE AR OC 5

BB 5 A R P O DU B B IR S ALY L N-&

Bt -B-D-H B M e 52 w38 DRI OGS A A S i 5 3R C
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F6 RERITHM S (HD B-SH)BIEBEZFHTHESRKEY
Table 6 Fold changes of different metabolites under barren slope

land and pine forest conditions

2 AR P VIP i gg‘ lg FC
Ll 5 R 0.0122  2.09 ! -0.65
JUL 0.025 1 1.81 ! -0.54
1A 5258 iR 0.0017  2.24 ! -0.40
fifi i R 0.028 3 1.77 ! -0.49
T R 0.0223  1.80 ! -0.34
AN 0.039°5 1.13 ! -1.48
R 0.019 3 1.37 ! -1.00
Ja 0.024 2 1.78 1 0.33
B 1R 0.0119  2.07 ! -0.67
N 0.0104  2.07 ! -0.91
B 0.0378  1.67 ! -0.17
J e I 0.0206  1.24 ! -1.65
TP -B-D- M g 2 FLME 0.0376  1.76 ! -0.52
3B FEAFE R 0.0249  1.54 ! -6.67
B-RAR 0.0185  2.29 ! -2.05
N-CHETTE R 0.0155  2.29 ! -2.07
- B 5 O R 0.024 1 1.45 ! -2.25
AERAY 0.035 5 1.98 ! -4.11
D75 T 0.0300  2.02 ! -1.74
4, 7- R LR 0.0100  1.56 ! -2.33
Xf 2 R 2B 0.0218 1.60 ! -1.30
2-fiil & 1R 0.0264  2.06 1 14.45
VA B 0.0415 1.78 ! -0.23
25T R 0.0067 191 ! -3.12
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Fig.2 OPLS-DA model between different groups of the scattered point diagram(A~C) and permutation test results

F7 RGEREINREBAZN BN HEER
Table 7 Distribution of metabolic pathways among three

treatment groups

F*8 TIEEBNWMERA T EEM A Y E Pearson HHE DT
Table 8 Pearson correlation analysis of soil physical and chemical

properties and soil microbial biomass
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PAR PR  ELREECR AR AR bwz[% ﬁiifm B/F
Hk eIy

ok & -0.7412D  0.2043 -0.6669" -0.0296  0.853 2"
pH 0.1838  0.8899" 02813  0.796 5" -0.002 1
UM -0.5548 -0.937 8" -0.633 70 -0.937 3" 0.390 4
WA AR 03095 0.76520  0.3844  0.726 3" -0.173 7
HRWs 03683 0.9688") 04635  0.9128" -0.1808
EEGE 05368 -0.9347) -0.6165" -0.9298" 03745
Wi A AR -0.1567  -0.9132) -0.2597 -0.808 9" -0.03 3
AU R -0.9759Y -0.642 1V -0.991 6" -0.803 7" 0.920 0"

. VP<0.05(F 9 ).
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F9 TEMEMEMTERG Y Pearson HHX 1S
Table 9 Pearson correlation analysis of soil microbial biomass and soil metabolites

R FLTE R I T A LR T AR [CGR/P=S B/F

D-F5 7T -0.508 4 0.205 0 -0.448 4 0.034 5 0.611 8"
RNz -0.605 7V 0.121 1 -0.5529 -0.063 2 0.695 5"
N-ZHH H % -0.5753 0.1170 -0.5243 -0.058 2 0.662 6"
B-H &R -0.588 1 0.075 5 -0.5399 -0.096 1 0.667 6V
AESRT -0.620 9V -0.429 5 -0.638 3V -0.5302 0.579 7
N-Z, Tk 3 -D- 53 3L 75 4 b -0.3919 -0.634 9V -0.445 6 -0.639 3V 0.292°5
4", 7- R LT -0.624 3V -0.498 0 -0.643 5V -0.586 8 0.573 2
JUL T -0.533 8 -0.545 0 -0.566 3 -0.602 2V 0.465 7
2'- it AU 5= W R IR -0.157 8 -0.668 8V -0.218 7 -0.601 OV 0.017 0
3-FR L E AR R -0.638 7V -0.087 9 -0.620 7V -0.250 5 0.683 2"
EHIR -0.587 8 -0.4857 -0.614 8V -0.568 5 0.534 0
RO M DU B B I A AL -0.091 1 -0.756 5V -0.1753 -0.658 7V -0.072 9
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