A SR IR Jun. 20, 2024, 51(6): 19952012
Microbiology China DOI: 10.13344/j.microbiol.china.230945
http://journals.im.ac.cn/wswxtbcn Copyright ©2024 Microbiology China All Rights Reserved

I =1
T =EMEX TR E R E IR

ZRE, RER, Y, Az

PO K2 S S4B, =~ B 650224

FREE, BEWE, WM, Mz AT SO LIRRBUEYIR R R[] AR, 2024, 51(6): 1995-2012.
LI Jinghao, LI Jiangiang, GAO Lang, ZHOU Yun. Cultivation of Panax notoginseng in forestland alters the soil microbial
community[J]. Microbiology China, 2024, 51(6): 1995-2012.

B E:IHX] BAT, T =LA AT LR a9 B R R L Z A B R M A T fe = &
Hra AR LR B 2. TR T Z AT LR RAEMBE D )RR AR T Z A= k&
REFZZOHFHRFEL. (8] 2T RARARPG Z LR ERS, T LEMAE
WA K TACAFAE, BT LB MA M E T LML RGO NERL L EY R T, [F
F] R BARAEZ LA T A RN LIE AR, ARE ARG = LA L35 A R %,
ZR GBEMNFEARFEMF AT T iR, AR T Z AT R LR RAEDBEEZNHER
WHATAR, Ak al ERA TR S oW LEMAENFHZTNEFH R F. [ER] A A
BB AR M Fm = AP AR AR 3 L3R F AR H 4 B AP B4 R H 11 (Proteobacteria) A £, 4% A H AP A vA 42 T
@ I (Basidiomycota) ) £, JF A HBMA 1 F2 2 e9ARxt F AR Z I Ands 4. AT BT £
BARAFmARA BAONKRY, MAFAZ LR LZEAD @A HA BONKRS, =F
4 = LA MR ML 138 Chaol A= ACE #6880 5; £ 2474 #7 (principal coordinate analysis, PCoA)%:
RET, Z AR M L 3E A WL R A R 58 B LA A LS 09 38 ik IR A4S, B B85
B 2RFHmDBE, MRTEE, FELEREVARNOFTCEEREIN Y L FFOHIE, T
44 # (redundancy analysis, RDA)& B, 1I3E A8 fo B M BRBR B 2 %o = L AP ALK ML L3R A 4
BETMNIEZRHAF., (L] AT LTI E T THANRLIERAEDGAR, EE
A ML 3G Ak A R T 69T B AN E TR T BB ARG e, IFEHE Mk T = AP
AR IR KA BB R G M iR, AR MR EE R v LB MAMB RN LS
TR T.

KB =k AT MAMER;, S@EENF; KRERT

BRI« B TR AR S U 7 T H (2021TH002); 25 B A BHE HK L 3T R (202102AE090042-03); - 25 B ) P4 L 2E
A SRR A A TH(XDYC-QNRC-2022-0205); [ 5 H SR B 2 5 4:(32060345)

This work was supported by the Kunming Science and Technology “List of Commander-in-chief” Project (2021JH002), the
Science and Technology Major Special Program of Yunnan Province (202102AE090042-03), the Xingdian Talent Support
Program for Young Talent Special Project of Yunnan Province (XDYC-QNRC-2022-0205), and the National Natural Science
Foundation of China (32060345).

*Corresponding author. E-mail: lijianqiang@swfu.edu.cn

Received: 2023-11-11; Accepted: 2024-01-07; Published online: 2024-03-04



1996 (YIS Gk Microbiol. China

Cultivation of Panax notoginseng in forestland alters the soil
microbial community

LI Jinghao, LI Jianqiang*, GAO Lang, ZHOU Yun

School of Ecology & Environment, Southwest Forestry University, Kunming 650224, Yunnan, China

Abstract: [Background] The knownledge is limited about the effects of Panax notoginseng
cultivation in forestland on the physicochemical properties of the soil and the structure and
function of the soil microbial community. Studying such effects will be of great significance in
guiding the cultivation of P. notoginseng in forestland. [Objective] To analyze the soil
microbial communities in the forestland cultivated with P. notoginseng for different years
during the rainy and dry seasons, and to elucidate the response patterns of soil microbial
communities to the P. notoginseng cultivation process as well as the key influencing factors.
[Methods] The natural forestland soil without P. notoginseng cultivation was taken as the
control. High-throughput sequencing and biochemical tests were carried out to reveal the
dynamics of soil microbial communities in the soil of the forestland with P. notoginseng
cultivation. Based on the results, the redundancy analysis was then performed to clarify the
drivers of the microbial community changes. [Results] The dominant bacteria and fungi in the
soil of the forestland with and without P. notoginseng cultivation were Proteobacteria and
Basidiomycota, respectively. The abundance of beneficial microbial phyla and genera showed
an increasing trend. The number of unique genera of fungi and bacteria in soil was the lowest in
the control, while it was the highest in the forestland with two-year P. notoginseng cultivation.
The Chaol and ACE indexes were the highest in the forestland with three-year P. notoginseng
cultivation. The results of the principal coordinate analysis showed that the microbial
distribution area in the forestland with P. notoginseng cultivation shifted and shrank with the
increase in cultivation years. The soil microbial community composition was more similar
among different groups in the dry season than in the rainy season. The redundancy analysis
showed that total phosphorus and acid phosphatase were the main soil factors driving the
changes of soil microbial communities in the forestland with P. notoginseng cultivation.
[Conclusion] P. notoginseng cultivation in the forestland significantly changed the microbial
community composition in the soil, and the microbial distribution presented a gradual shift and
contraction with the increase in cultivation years. The alternation of rainy and dry seasons
accelerated the composition and structure differentiation of the soil microbial communities in
the forestland with P. notoginseng cultivation. Total phosphorus and acid phosphatase were the
main environmental factors affecting the soil microbial communities.

Keywords: Panax notoginseng; forestland cultivation; microbial community; high-throughput
sequencing; environmental factors
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O RS . mEEAVE R B IX, R A
R R 2 G4 98%Lh B, (H =Ll
HEAERF I P, HAMETS 5 R R R R,
5REEYES i, HAE BT IR A .
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1.1 X3 TR

T 50 b 57 T 2 T A I 9 T I R DX TR g /)
T k3% (23°43'16"N, 100°7'3"E), 9% X )& T
PR L 2 XU, AR B R R R 2R A R
WG XM R 2 210 m, 3 RL IR+ 4F
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HEsER, WEER, 4SRN 14.68 °C,
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(Vaccinium bracteatum), B A Y) FEA F AL
(Isodon amethystoides) , 2543 7% =% (Ageratina adeno
phora). /71 %5 (Oplismenus compositus)=% .

=LA R, SR AR AT
L, HERAETEY))Z, KBRS . AR FIRIAR S
Bifi J ft FH /N B E AF AL X SRR AT B, RH A
2-3 WK, WEEEALE 20 cm; —-EXF H 3K
TR BEONFRIR, 2Kl Res | RN E,
IRT LB AR 28 o FIAE 2838 T S R A
ZE9 2R 135 cm, ZE[AJEER 115 cm,

WM B E W 1AL =L, 7512 A
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2.5 cm JERNMER . —EAEMCT RPAE RS F R R
2 4
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A = R PR i (BP) AT = 4 A = & Rl A AR Hb
(TP AWITER G 7300 T 2022 4E R ZE A1 278
A%} AR H(RCK, DCK) . PH4EA: = -E Flkig Ak
H1(RBP, DBP), —4F4: = -L Rl A3 (RTP, DTP)
A SRS, FCE R R A 020 cm 12,
HORAE 42 A LA RAEFTXERAE T H AT R
Kb, RAE 5 LR A TR % 548, —20 °C
UKAR R I HOR s B S0 ge =, R AR+
FEarh 2 By, — M T 3G Wy 3 R E
Es KT R TS . ok i, T g
PR S5 R 3 A D
1.3 FERAFIFNH

THEMEY) DNA 250 &(Q) #2k),
Qiagen /A Fl . NanoDrop 2000 #7736 EEE
11, Thermo Fisher Scientific 23 F]; MiSeq 5 il
BT, Mlumina AR AR, KEZE
WrRr s\l KT, BRI UHRAFE]; KAb
SPEEETE, dbat it A E E SR s

Hri¥, SEAL Analytical 2],
1.4 TIPS RANES FE M AN E

3% pH R HA IR E (4K i Lo
1:2.5); A ML (soil organic matter, SOM)¥ F #
BOIR B OAN B W 5 B AL B (available
phosphorus, AP)FH b2k 2 42 , R FHEH B bt
Fe e sl o8 5 %A (available potassium, AK)
M RERSWRYE , SR A G T T I AE
A 453 A= W) i Bk (microbiomass carbon, MBC)l
4= ¥y & & (microbiomass nitrogen, MBN)fifi
AT B ZZ R A5 0 R % IR A AR A - A1
Pk T Ah oy 6 6 BE I e B 4 A (total
nitrogen, TN) ., 4 (total phosphorus, TP) ¥ #ii
-3k S AL S A R TR S sh A e s P
+ KB (urease, URE)F 78 44 Eb (2 700 %€ 5
PR 1M i T2 if# (acid phosphatase, ACP)FBEIR AR —
BN EEDE 5 1 A Ak A (catalase, CAT)H i
Tl PR B S YR AE 5 RE MR (invertase, INV)H
3,5- K R He A ik PP g
1.5 TIREEMEENE

ML QY M Bk 150 W] 5 R A7 Tl A= W e 7
DNA $ifi$2, 1] 1%B0I5 BRI HL Pk Al DNA
BT &, 18 NanoDrop 2000 Il & DNA ¥ &
FN4liiE ; 514 338F (5'-ACTCCTACGGGAG
GCAGCAG-3")#1 806R (5'-GGACTACHVGGGT
WTCTAAT-3")XF 40 16S rRNA K ) V3-V4
XPEATP 14, 549 ITSIF (5'-CTTGGTCAT
TTAGAGGAAGTAA-3")H1 ITS2R (5'-GCTGCG
TTCTTCATCGATGC-3")X} E 1 ITS [ ITS1 X
F147 44 . 338F/806R ) PCR WA R : SxFastPfu
Buffer 4 uL, dNTPs (2.5 mmol/L) 2uL, F. &
We51¥(5 umol/L)% 0.8 pL, FastPfu 34 i
0.4 uL, PCR #4315 BSA 0.2 uL, H:[K4 DNA
10 ng, ddH,O #h & 20 pL. PCR [ 4544 95 °C
3min; 95°C30s, 55°C30s, 72°C30s, 27
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#§¥; 72 °C 10 min; 10 °CPRAF. ITSIF ITS2R
) PCR S W 1K % : 10xrTaq Buffer 2 pL, dNTPs
(2.5 mmol/L) 2 uL, . TIE5149(5 umol/L)45
0.8 uL, rTaq R4 0.2 uL, PCR #4555 BSA
0.2 L, 3[4 DNA 10 ng, ddH,0 #b /2 20 pL.
PCR W &&1: 95°C 3 min; 95°C30s, 55°C
30s,72°C30s, 35 MEH; 72 °C 10 min; 10 °C
P17 B PCR ¥ 38 1 Bralifb fn g w4 e 2% b
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1.6 BFELIESHH

# [ Fastp 0.19.6% WEA7 IR b6 e, fHi
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YR85 DR 22 1) B SR BB
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P<0.05) %} A~ [|] b 2R 1] 4 22 S 047 40 B, R
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MR AT ] (Acidobacteriota) . 275 [ ] (Chloroflexi)
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R, o A [ D0 A0 A T 10 L I A A — 4 A =
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225k, BAETZ A R =0 AR L H oW A
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TEJR K b, R 4 R 2 S A I R 3
FEERT 15 MR, fELLIERE Bk PRI B &
(P<0.01) % J& , i 3% i 1% 40 18 & A 40 BT 16 )&
(Mycobacterium) . AT H & (Massilia), 3%
FLIE A 41 4% J& (Russula) . #978 BJ& (Amanita) |
Oidiodendron, Solicoccozyma ., Sagenomella .
Geminibasidium, unclassified p _Ascomycota.
unclassified_o__Leucosporidiales #l1 Antennariella
(# 2) 763X 11 MEpR R, Hod 4 4@ (Massilia.
Amanita, Solicoccozyma #1 Antennariella)t H
SR REMR MY 1 S5 rh AR T 2 BT 0 (8] 2B, 2D
2F . 2K)o PHAEAR =R AR H B A R A R
4 Amanita ( 2D), —4FA4: =L AR b H B
B 45 A J& & Solicoccozyma 1 Antennariella
(Kl 2F. 2K).
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1 AE#HMTIRPAREAMEREB)ETKE LB FE
Figure 1 Relative abundance of bacteria (A) and fungi (B) at the phylum level in different soils.

x1 TREMTIRPAEMEEERZE L

Table 1 Percentage of major phyla of bacteria and fungi in different soils (%)

Kb FE M Bacteria HE.1A Fungi

Treatment Proteobacteria Acidobacteriota Chloroflexi  Actinobacteriota Basidiomycota Ascomycota Mortierellomycota
RCK 40.5 19.5 16.2 12.4 60.5 12.9 20.3

RBP 35.1 13.3 21.1 13.4 43.1 33.7 17.3

RTP 30.7 17.6 21.5 13.8 37.2 39.1 20.0

DCK 36.2 23.8 11.4 14.6 59.6 233 8.4

DBP 32.7 18.6 15.0 15.9 474 36.9 11.0

DTP 353 15.4 15.1 18.8 43.5 41.4 11.4
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%ETE)E. E: Oidiodendron. F: Solicoccozyma. G: Sagenomella. H: Geminibasidium. I: Unclassified
p__Ascomycota. J: Unclassified o _Leucosporidiales. K: Antennariella. A[a)/NG FRER o8 B B ¥ 22
5 (Duncan Z & 5, P<0.05), TF[A

Figure 2 Relative abundance of representative genera of bacteria and fungi in different soils. A: Mycobacterium.
B: Massilia. C: Russula. D: Amanita. E: Oidiodendron. F: Solicoccozyma. G: Sagenomella. H: Geminibasidium. I:

Unclassified p_ Ascomycota. J: unclassified o Leucosporidiales. K: Antennariella. Different lowercase letters
indicate significant differences (Duncan multiple comparisons, P<0.05), the same below.
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Figure 3 Number of endemic genera of bacteria (A) and fungi (B) in different soils.
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Figure 4 Abundance and diversity indices at the OTU level in different soils. A: Chaol index. B: ACE

index. C: Simpson index. D: Shannon index.
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Figure 5 Results of PCoA and ANOSIM analyses of bacteria and fungi at the OTU level in different soils. A:

The results of the PCoA analyses of bacteria community. B: The results of the PCoA analyses of fungi
community. C: The results of the ANOSIM analyses of bacteria community. D: The results of the ANOSIM

analyses of fungi community.
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Table 2 Physicochemical properties and enzyme activities in different soils
Item Wz B&

Rainy season Dry season

RCK RBP RTP DCK DBP DTP
pH 4.58+0.16¢ 49140.21bc  5.214+0.28ab 4.72+0.43¢ 5.27+0.17ab  5.32+0.15a
HHLE SOM (%) 20.78+0.56a  14.36+2.72bc  13.81+1.50c 21.26+0.87a  16.63+1.54b  14.36+1.28bc
AL A 11.61+£0.47a  10.13£0.71b  10.51+0.50b 11.9740.42a  10.54+0.88b  10.40+0.25b
CAT (mg/g)
Ik URE (mg/kg) 1.75+0.06a 0.85£0.36bc  0.96+0.11b 0.56+0.03¢ 0.16+0.02d 0.97+0.12b
MBS INV (mg/kg)  4.64+0.62a 2.56+1.13b 2.36+0.98b 2.55+0.34b 0.96+0.12¢ 1.56+0.68bc
e RAALS: 0.74+0.05d 0.64+0.08d 0.8940.06¢ 1.63+0.07a 1.50+0.05b 1.46+0.09b
ACP (mg/kg)
oA Wy ek 0.50+0.0lcd  1.20+0.26b 0.314+0.19d 1.56+0.36a 0.58£0.27cd  0.76%0.13¢c
MBC (mg/g)
AR A 0.12+0.01a 0.1040.03bc  0.06+0.01d 0.10+0.0lab  0.07+0.01d 0.07+0.01cd
MBN (mg/g)
R AP (mg/kg)  9.57+0.26¢ 21.88+3.89ab  19.26+6.64ab 14.49+0.28bc  25.34+5.67a  22.68+4.92a
R AK (mg/kg)  67.80£1.10b  300.59+58.89a 254.79+20.77a 51.18+0.34b  240.96+97.43a 295.47+94.19a
4% TN (g/kg) 5.3140.10ab  4.19+1.19b 4.00+1.26b 5.87+0.54a 4.46+0.70b 4.13+0.57b
27 TP (g/kg) 0.87+0.01c 0.81+0.13¢ 1.02+0.10ab 0.94+0.08bc  0.81+0.15¢ 1.15+0.11a

Al — 47 AN PR IC RN AT 25 22 5% (Duncan ZH AL, P<0.05)

Different letters marked in the same row indicate the significant difference under Duncan’s multiple comparisons at P<0.05.
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Figure 6 RDA analyses of bacteria (A) and fungi (B) at the genus level in different soils.
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