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Effect of Planting Years on Rhizosphere Soil Microbial Activity and Function of Healthy
Sanqi Ginseng

CHANG Yafeng', YU Wenhao', CHEN Houpu', CAO Qi', WEI Fugang®, ZHANG Jinbo', CAI Zucong" 3, ZHAO Jun"**

(1 School of Geography, Nanjing Normal University, Nanjing 210023, China; 2 Miaoxiang Sangi Technology Co., Ltd.,
Wenshan, Yunnan 663000, China; 3 Jiangsu Engineering Research Center for Soil Utilization & Sustainable Agriculture,
Nanjing 210023, China; 4 Jiangsu Center for Collaborative Innovation in Geographical Information Resource Development
and Application, Nanjing 210023, China)

Abstract: In order to study the effect of planting years on the rhizosphere soil microbial activity and function of healthy Sanqi
ginseng, rhizosphere soils of 1- and 2-year-old healthy Sanqi ginseng were collected, and fluorescein diacetate hydrolysis method,
real-time quantitative PCR and Biolog assay were employed to analyze soil microbial activity, nitrogen functional gene
abundances, metabolic activity and functional diversity. Results show that Sanqi ginseng planting significantly enhances soil
microbial activity as compared to uncultivated soil, and soil microbial activity is continuously increased with the growth of Sanqi
ginseng. Similarly, the abundance of nitrogen-related functional genes (nifH and bacteria amoA) is also increased in response to
Sanqi ginseng cultivation and planting years, indicating that nitrogen availability might be enhanced by the rhizosphere microbes
and is for the nutrient requirements of Sanqi ginseng. Moreover, rhizosphere soil metabolic activity and functional diversity
indices are also improved by Sanqi ginseng planting, and they are increased along with Sanqi ginseng growth. In addition, Sanqi
ginseng planting years alters carbon source utilization pattern of rhizosphere microbes. Interestingly, the utilization efficiencies of
carbohydrates, carboxylic acids, amino acids, amines, and polymers by rhizosphere microbes are increased with Sanqi ginseng
planting years, whereas the utilization efficiency of phenolic acids is not differed significantly with the growth of Sanqi ginseng.

Therefore, lower degradation activity of rhizosphere phenolic acids is an important reason for its accumulation and thereby drives
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the imbalance of rhizosphere microbiomes as well as the formation of continuous cropping obstacles. These results can not only

provide data support for understanding rhizosphere microbial activity and metabolic function of healthy Sanqi ginseng, but also

provide theoretical basis for the interpretation of formation mechanism of continuous cropping obstacles of Sanqi ginseng.

Key words: Sanqi ginseng; Planting years; Rhizosphere microbiome; Metabolic activity; Continuous cropping obstacles;

Rhizosphere health
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TRA R —~ 8 5 ot BE - HERe i o AR A =B
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Laboratories Inc., CA, USA)XI & ZIEFF I RE L H iF
frEHE, PCR P KR 145 10 uL SYBR® Premix Ex
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(bR 263 18 Zhao S kb, 945 A0 2

£1 LHENEE PCRETESIHFNY 18 &4

Table | Primers and PCR conditions used in real-time PCR assay

(S e 95| 519 P (5'-3) P S 22 3Tk
nifH PolF TGCGAYCCSAARGCBGACTC 95 CTiZs % 2 min; 95 CHf#% 10s, 58 CLik  [14]
PolR ATSGCCATCATYTCRCCGGA Bk 20s, 72 CHEMH 30s, 40 DA
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BT, 25 T 200 t/min 24 T REHRY 30 min;
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Ky GFIRE i OVALIBOGIE , R, Fm i IRSLAY
WOLME . # C—R gL, WIHCH 0.

[, PEHUEFR 144 h W EYIROGIE, XS el
FCBHEE | B IR AR R ISR B £
BEFR BT

1) Ji ¥ 2 B AR i 36 1 (substrate average well
color development, SAWCD), HFIFALHAYIXIA
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SN AL AR EAE R T 0.2 WA A AR IEBE I
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Fig. 1 Effects of planting years on rhizosphere microbial activities
of healthy Sanqi ginseng
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Fig. 2 Effects of planting years on abundances of rhizosphere
microbial nitrogen functional genes of healthy Sanqi ginseng
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Fig. 3 Effects of planting years on AWCD values of rhizosphere microbes (A) and utilization efficiencies of six types of carbon sources (B)
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Table 2  Five carbon sources contributed most to first two PCs to
drive differences in carbon source utilization pattern among soil

samples
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Fig. 4 Effects of planting years on carbon source utilization patterns (A) and dissimilarities (B) of rhizosphere microbes
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Table 3  Effects of planting years on rhizosphere metabolic diversity
indices of healthy Sanqi ginseng

41  Mclntosh Shannon
Reg SRR ZAEEIER

Simpson Richness

AR FEERRE

CK 0.39+0.18¢c 2.16+039b 0.78+0.08b 0.67+0.33 ¢
Y1l 5.12+046b 3.10+0.03a 0.95+0.00ab 23.33+0.33b
Y2 8.69+027a 322+0.02a 096+£0.00a 27.67+0.88a
VE AN R R [ 2R R b HORE 02 5
(P<0.05).
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Table 4 Spearman correlation coefficients between soil microbial
activity and nitrogen functional gene abundances, soil metabolic
activity and functional diversity indices

FDA i
F P

nifH 0.54 0.07

Archaeal amoA —-0.20 0.53

Bacterial amoA 0.54 0.07
AWCD 0.87 <0.001
Carbohydrates 0.91 <0.001
Carboxylic acids 0.85 <0.001
Amino acids 0.92 <0.001
Phenolic acids 0.71 0.009
Amines 0.92 <0.001
Polymers 0.89 <0.001
Mclntosh 2 #4851 0.87 <0.001
Shannon Z #4541 0.94 <0.001
Simpson {L3 B 15 4% 0.96 <0.001
Richness 5 45 41 0.89 <0.001

3 e

= LRWHE R E 2B, HonT R84 X
B Il b 24l B TR DG T, ARG T

AR PR A © Ay ) 24 B 3 7 Ml f e ) R
R TR, DR, ARBRAE SR A AR
AR AL S8 L A R R Y S R R P
Horr, MRBRALIER A SR AN IR . BT SRR AN
AR EACIHE PE T BT B S B RO IK S AR PR
AR A EEAER S, B, BRI = AR PR
A= i PR SO LAC I D R AR AR X T8 78 =L AR
(T L ELAT T E A

I W T TP - S BRI D R Y T
FEbRC. AR, HHUREEE S 5 R AT
WS E S IMI G, ST FDA K Ak B T e A5 5K
REAR E AL AR Y R A 3220 R, AR PR 4
I R (4 R ARAE — R b o AR PR L . A
9T K B, feRE = -EARPR - S0t M 0 76 1 B
AERR Y HG nm RE E , XRUIME =LK, &
I = () AR W TE A RE A R AR PR (g, LA
T - AB B B I AR NG o RIS, 3 dy 1 R i
AT =PARIER e sk 21 9 O F R S | e N o N )
FE, IRATE B = -CARBR R4 nifH FIAHER
amoA FE R 1Y T B 1 2 5 TR AL I = - i) BR -
e, F W] =LA RBIE A AU B LR AR IR 1 R
BERNIRE Ty, T ELRE S RO B A 3G, AR PR 44
nifH BRI 0 =E FEB W N, A6 — 2 B R UIARBR [
AR B WG sR, XTRE S =B A B KRS R K
St U T SRS A D6,

I A W B DR AR P S LD e 2 R
T LI RE M E B YR AR ST LB,
=LA AR A R R R W R A
RILTRe 2Rt , 30T BE 5 7 =L AR 2R 43 WA 0 SR
™, AR BRAE YIXT Z R BR IR AR T RE ) W SR T
Koo B FIREAEBR 38N, fl ) = -EAR PR 1LY
Xof B VR (AR S AR B 7 LA B ) PR i 34 AR T 58, X
S AT O A5 R 8, HOR I AR L R AR
B b SR A= W A i DA T A R R P 22 RE P4
o F e T TARLARPR R X RIS = LA KAR
BEL AR 38, AR PR 4256 ) T 2R D B A% 1) B 22 ol
FIRRIR , B = A T BE 2 B ZEAR IR
AT & I = EARPR HIERUE Y oK B2 &
FERR TR A W25 A FHRE ) 1 22 702 5 38U )
FARAT BR =L AR IEA R T ARIE 73 0 BRI, X
S AT AR E A 2R, TRE S FRAT
PR Th = AR BRIAE P 0 R I8 LA L 4548 S 22
PR SIS MM o, R Y ok
5 UE AR P R H Ty R 20 R I S B0 R S E A

http://soils.issas.ac.cn



138 +

e %55 %

KRF , RT3 T PEAIAR BRI MU e S5 A
DIREREERLE, weah, AT aRE! T, WAk
A IR s ] — ol DX 14 i e = -E AR P Sl A= W Y
B IR P 2.2 T RO AR PR 8, S I i R
B UEAR I REXS T = AR PR e 2 G H %

B TR e — 2 E A AR ) A2 5, AT AR R O3
W\ TSR | SRR AT A LR,
FERW, UMY e L TP R R — g e
G, AR R A K, BEIOR RS, [
I b 2 et AL SR R I B8, IR AR PR ek 25
IR A5 R AR B A A A2 A KUR 520 AR A
TR, =PRI Yy X I R BT A A
FHAE 7 I AR Bt AR A IR Ay 184 i 22 3 184, 3 e 1
B =LA, HRPR S5 h (R Wy R 2 R i AN B i
WA R . Wang SECOMRFFESE R EIE T30 ,
HORR ZAECARPR L HEh X R . PRI . AR HT R
SFMY RIS T R A = T AR EARPR L B
AT, RBAAE R e ALK A B4 s A Qi e
IR G = R AR AT A B 2 RN . I,
W IF s =LA RS EP S SR R A Y R
PR TR AR WIS , 70 ik 4 B2 R A DT RE Y
Tl My S P B A7 TR AT LBE A AL, BIF A AR
B8 BRI T RE N PR B = -EAR PR R
TR = AR B AR AT (4 R R 1)

4 Z5ig

AHESE K, R — AR PR SRR Wi A
RERE AR AR BRI M A Wi B2 i, SR EAT w1k
AR T RE A A A 7 o 4 45 = L AR B et B 22 ¢
HE SR, HRPRE RIS o i A RE T IR It f B
AR R B i o, X I TR, AR PR
AR BB R | SRR T A S
X LY AR, H A T = EARPR A A A A= 2R
BN AARA TN o Hik, st ik =LA Kad R R
PR A= P %) A S 1 2 00 T ) R A T35 A T 400 ) AR o
SR, IR = ERPR R ST E AR, SCl =kl
FrEE i HA BB AT

SE WK

[1] #NFHls, 225, kotis, % = LEERGITHRED].
HE 2R, 2015, 34(3): 885-893.

[2] Guo H B, Cui X M, An N, et al. Sanchi ginseng (Panax
notoginseng (Burkill) F. H. Chen) in China: Distribution,
cultivation and variations[J]. Genetic Resources and Crop
Evolution, 2010, 57(3): 453-460.

3] #BEL, Babk, XK, & = LEERSG AL
KAOE AT ). AEI5FE 2, 2016(14): 160-163.

[4] ZFz=l, EEE, FWE, 5 THRE RSN =1
AR F R = C AR m ] TSR,
2019, 56(3): 703-715.

[5] YangM, Zhang X D, Xu Y G, et al. Autotoxic ginsenosides
in the rhizosphere contribute to the replant failure of Panax
notoginseng[J]. PLoS One, 2015, 10(2): e0118555.

[6] Luo L F, Guo C W, Wang L T, et al. Negative plant-soil
feedback driven by re-assemblage of the rhizosphere
microbiome with the growth of Panax notoginseng[l].
Frontiers in Microbiology, 2019, 10: 1597.

[77 LiYL,Dai SY, Wang B Y, et al. Autotoxic ginsenoside
disrupts soil fungal microbiomes by stimulating potentially
pathogenic microbes[J]. Applied and Environmental
Microbiology, 2020, 86(9): €00130-20.

[8] Dong L L, Xu J, Li Y, et al. Manipulation of microbial
community in the rhizosphere alleviates the replanting
issues in Panax ginseng[J]. Soil Biology and Biochemistry,
2018, 125: 64-74.

[91 SKEE S, ARSCHE. 25 AT AR B 2 0E T S AR R AR
(0] A E S 2 R (P FES0), 2009, 17(1): 189—-196.

(101 A, #2357, EmEk, 5. = LREEEEYREA
I ARSI, A ER R, 2017, 7(3): 211-216.

[11] Adam G, Duncan H. Development of a sensitive and rapid
method for the measurement of total microbial activity
using fluorescein diacetate (FDA) in a range of soils[J].
Soil Biology and Biochemistry, 2001, 33(7/8): 943-951.

[12] ESH, FEE, SR, 5. Rk Ak B E1F
TR U O R TR R R (7], 1, 2019,
51(2): 316-323.

[13] Zhao J, Ni T, Li J, et al. Effects of organic-inorganic
compound fertilizer with reduced chemical fertilizer
application on crop yields, soil biological activity and
bacterial community structure in a rice-wheat cropping
system[J]. Applied Soil Ecology, 2016, 99: 1-12.

[14] Poly F, Ranjard L, Nazaret S, et al. Comparison of nifH
gene pools in soils and soil microenvironments with
contrasting properties[J]. Applied and Environmental
Microbiology, 2001, 67(5): 2255-2262.

[15] Francis C A, Roberts K J, Beman J M, et al. Ubiquity and
diversity of ammonia-oxidizing Archaea in water columns
and sediments of the ocean[J]. Proceedings of the National
Academy of Sciences of the United States of America,
2005, 102(41): 14683-14688.

[16] Stephen J R, Kowalchuk G A, Bruns M A V, et al. Analysis
of B-subgroup proteobacterial ammonia oxidizer populations
in soil by denaturing gradient gel electrophoresis analysis
and hierarchical phylogenetic probing[J]. Applied and
Environmental Microbiology, 1998, 64(8): 2958-2965.

[17] Garland J L, Mills A L. Classification and characterization of
heterotrophic microbial communities on the basis of patterns
of community-level sole-carbon-source utilization[J]. Applied
and Environmental Microbiology, 1991, 57(8): 2351-2359.

[18] Huang X Q, Zhao J, Zhou X, et al. Differential responses of

http://soils.issas.ac.cn



513 WO : FIRAR B (R = AR B S8 A W 6 M RN D RE B 52 )

139

[19]

[20]

(21]

(22]

(23]

[24]

soil bacterial community and functional diversity to
reductive  soil  disinfestation and chemical soil
disinfestation[J]. Geoderma, 2019, 348: 124—134.

S5, WAL, KR, 5F. Biolog YAINE T e MRS
Ui AR TN R 7 vk R RE[J]. Hh E AR 2FE iz, 2015,
31(2): 153-158.

Y], wER, W2, & o pE=LM R K
JEXTR[I]. HEF 2, 2014, 39(4): 553-557.
Anderson T H. Microbial eco-physiological indicators to asses
soil quality[J]. Agriculture, Ecosystems & Environment, 2003,
98(1/2/3): 285-293.

ZEUIH, BUTHY, AN, 5. LIERUEY S R
PEIE I 5 R WE Tk S8 (0], B iAol B2, 2007, 44(6):
814-819.

Dita M, Barquero M, Heck D, et al. Fusarium wilt of
banana: Current knowledge on epidemiology and research
needs toward sustainable disease management[J]. Frontiers
in Plant Science, 2018, 9: 1468.

Wei W, Ye C, Huang H C, et al. Appropriate nitrogen
application enhances saponin synthesis and growth
mediated by optimizing root nutrient uptake ability[J].

Journal of Ginseng Research, 2020, 44(4): 627-636.

[25]

[26]

[27]

[28]

[29]

[30]

Nannipieri P, Ascher J, Ceccherini M T, et al. Microbial

diversity and soil functions[J]. European Journal of Soil
Science, 2003, 54(4): 655-670.

Zhao J, Liu S Z, Zhou X, et al. Reductive soil disinfestation
with

improves

incorporated organic  residue  combination

significantly soil microbial activity and
functional diversity than sole residue incorporation[J].
Applied Microbiology and Biotechnology, 2020, 104(17):
7573-7588.

Yoass, ke, FA, & = LEERRYMEY ZRE
PEWFTE ). BRI R 224 (A 2R B2, 2018, 33(2):
198-207.

M Za bk, HeHam, IMRE, 5. BREY FTE/EY &
e ik v ) AR RO e A A S i SR D], TP R 18 S
2016, 11(6): 699-705.

T, ARttt %, & AORREMINKMEEAS
YRGB AR N AR

2022, 33(3): 784-792.

Wang B Y, Xia Q, Li Y L, et al. Root rot-infected Sanqi
ginseng rhizosphere harbors dynamically pathogenic
microbiotas driven by the shift of phenolic acids[J]. Plant

and Soil, 2021, 465(1): 385-402.

http://soils.issas.ac.cn



