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Abstract: [Background] Soil microbial diversity has become the research frontier and hot spot in soil
science, and science-based soil sampling is the prerequisite for accurate research result. [Objective] To
explore the influence of sampling strategy on the detection result of soil nematode-trapping fungi (NTF)
and to seek for scientific soil sampling method. [Methods] Soils were collected from different number
of sampling sites (3, 5, 9 and 13) which were indifferent arrangements (straight line, V-shaped,
W-shaped, triangle-like, and plum blossom-like) in 3 habitats and they were either mixed or unmixed for
detection. NTF were purified by single spore isolation. The species were identified based on
morphological observation and molecular techniques, and the difference in species diversity and species
number of NTF among soils collected with different methods was analyzed. [Results] In the case of
single-site sampling, separate purification, and integrated analysis, the a diversity and the number of
detected strains rose with the increase in the integrated sampling sites. The difference in the integrated
data of 5 and 9 sites was small and the detection results were relatively stable. In the instance of mixing
of soil from different sites and then purification, the mixing of soil from more than 5 sites was not
conducive to the detection of NTF. [Conclusion] Soil sampling strategy affects pure culture results of
NTF. In the case of single-site sampling, separate purification, and integrated data analysis, the 5-site or
9-site sampling is optimal. As for the strategy of soil mixing first and then purification, the 5-site

sampling is relatively scientific and feasible.

Keywords: sampling strategy; pure culture; nematode-trapping fungi; alpha diversity
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Table 1 Sampling information

ES UE TR =S X VA 7 A3 K £ 3 4753
Sample Place Quadrat No.  Habitat Elevation Longitude Latitude
No. (m)

FEdt 1 il i1 PANEEE /N 2214 25°38'E 100°9'N
Plot 1 Cangshan mountain Quadrat 1 Pinus yunnanensis

R 2 gealll 72 FRAEMK 2210 25°67'E 100°15'N
Plot 2 Cangshan mountain Quadrat 2 Cherry blossom forest

Rt 3 RER AL Hr e BT 3 A H 2 004 25°68'E 100°17'N
Plot 3 Dali University practice Quadrat 3 Farmland

teaching base
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Figure 1

Sample points in a quadrat and specific implementation of each sampling strategies. A: Sample

point layout and the single point sample sampling strategy; B: The single point sample detection, data
combination analysis strategy and single point sample mixed sampling strategy.
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) HEE/ Fz2 FHFAH NTF M8 H%KE
" % 5 ﬁ*ﬁ‘ Table 2 Number of strains NTF in each quadrat
2.1 EHAANTF MG EEME gy FgrL Rz s
P N e Species Quadrat 1  Quadrat 2 Quadrat 3
3 3R 17 21 BREL G S 1 uadar 2. Q
FEOT 1 (mmatmke s 71 #k, HAEkRfsfE Arthrobotrys oligospora
(Dactylellina) 40 #k . 5 M 7l J& (Arthrobotrys) ~ Z 1Al - 2 1
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30 k. /MERF S (Drechderela) 1 £k, T~ e
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29 7 -

(Dac. ellipspspora) (OF=35.63%); £J5 2 (g 1R o > -
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NTF Y425 B (1K 3). ellipepepora
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Prih R A AR AERER, 3 AW T e
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Dre. coelobrochum W Dac. lysipaga Dac. drechsleri Dac. ellipspspora W Dac. parvicolla W Dac. haptotyla
W A. eudermata B A. cystosporia W A. thaumasia B A. xiangyunensis W A. microscaphoides W A. superba
A. oudemansii A. longiphora A. conoides B A. oligospora B A. multiformis
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Figure 2 NTF species composition of every sample point within three quadrats. 1-13 represent 13 points
within quadrat.

[ - FEH 1 (=FHY) Quadrat | (Pinus yunnanensis)
10T - #7972 (#4E4K) Quadrat 2 (Cherry blossom forest)
g | * #7713 (4¢H) Quadrat 3 (Farmland)
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Figure 3 Species accumulation curves of NTF in each quadrats.
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Figure 4 Single-point data consolidation analysis, NTF o diversity and the number of detected plants of
species under different sampling strategies of quadrat 1 (A), quadrat 2 (B) and quadrat 3 (C).
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Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



JA TS5 AN R R S R0 - S B 2 O DR 2 A AR I 45 2R

3601

JE R A AF A b SO S B, X P R S
AT WL e S R IR T A A, TR
PIRHRINAE AR, AE T HERE SR AR N 2005 18 +
B T TR, AR A AR RR A ] R
JE T HRFERME X NTF IR A A% Jm 2
2L A S O IR, 7 SRR
N T AT AT A DI R A 1 SE, ARk
) L AR W) A WE T TCE I R T S IR 0 8 T2
HulfiaRik, JORTEBOR R RN R
FETARAE RS AR A R

4 HH

AR ERAE RIS T 1) NTF 4l 246 I 25
RIFFEE SR . TERACRFE . Zrlaife . BulRG
IR PTREE T, 5 AEk 9 SURMEE AN AT
THER A RMERIE T, 5 SORFEIR A AR H
Bh o FEME S dE IR L0 LR E e, H
5 SURAEIA TR T B LA SR AR,
BB E RN AT 8 E o AR ) 1 G M o
SR A Rk 2 i gk, LieTe
BRI I S 350/ N RUBE T 0 e 5 T LR A S g
PR 1 RN A R
Bt Rt =R A LA G BN ILN AR R 3k
Fo s Z R F B R G KB AR ARG
e,

REFERENCES

(1] KSR, I 1l 2Rk b 3 ol 2R ) 22 R XS AN TR T
YU w32 [D]. M AR AR R A7 2 7 1
3, 2017
Wang YQ. Responses of soil microbial diversity to
different disturbance gradients in mountain forests in
Guangzhou[D]. Guangzhou: Master’s Thesis of South
China Agricultural University, 2017 (in Chinese)

(21 %0, Kleil, HEZE, HiE, 5k, ZiE%k Ul
EVE X IR W A S AR R B ST LUK T

AT AR BT, KRR, 2004, 18(3):
112-114, 132

Li W, Yu LJ, Zhou PP, Yang J, Zhang C, Yuan DX.
Preliminary study on soil microbial ecological effect in
karst areas of southwest China: a case of the Yaji karst
experimental site[J]. Journal of Soil Water Conservation,
2004, 18(3): 112-114, 132 (in Chinese)

WA, WA B A T S (] S B 5T [D].
JEAR: DU RAEAR 1 ~# 6018 3C, 2005

Huang XJ. Spatial variability of soil quality in the dry
valley along a river’s length of the Hengduan
mountains[D]. Chengdu: Master’s Thesis of Sichuan
University, 2005 (in Chinese)

Wang S, Wang XB, Han XG, Deng Y. Higher
precipitation strengthens the microbial interactions in
soils[J]. Global
Biogeography, 2018, 27(5): 570-580
RS, B, BRIEE, BT, sk, X 8,
WA A5 2 AR I BEHLIN Y A1 16S rDNA £
ARG BT iR v AR ] - S A T 2R ()], RS,
2010, 30(14): 3849-3857

Zhao ZX, Luo K, Chen GH, Yang YH, Mao ZC, Liu
EM, Xie BY. Analysis of bacterial diversity in

semi-arid grassland Ecology and

rhizosphere of cucumber in greenhouse by the methods
of metagenomic end-random sequencing and 16S rDNA
technology[J]. Acta Ecologica Sinica, 2010, 30(14):
3849-3857 (in Chinese)

LA, REOT, Lhi, B RALBMTARE
MRS R HEAN BT TS 16S tDNA V3 X B PCR 1Y)
DGGE 73 #r[J]. 3E°#4H, 2009, 46(4): 662-669

Wang QZ, Xu QF, Jiang PK, Qin H. Dgge analysis of
PCR of 16S rDNA V3 fragments of soil bacteria
community in soil under natural broadleaf forest
invaded by phyllostachy pubescens in Tianmu
mountain nature reserve[J]. Acta Pedologica Sinica,
2009, 46(4): 662-669 (in Chinese)

Wang JM, Zhang TH, Li LP, Li JW, Feng YM, Lu Q.
The patterns and drivers of bacterial and fungal
B-diversity in a typical dryland ecosystem of northwest
China[J]. Frontiers in Microbiology, 2017, 8: 2126
INTE, BRIREs, XS4, RN, ok AL
RV T HIERZWEY o SRR
B Y2 4, 2020, 47(6): 1699-1708

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3602 WA

FiE Rk

Microbiol. China

Sun WL, Chen SM, Liu XH, Wang KP, Yang YF.

Effect of soil sampling designs on soil microbial alpha

diversity[J]. Microbiology China, 2020, 47(6):
1699-1708 (in Chinese)

[91 Li SZ, Deng Y, Du XF, Feng K, Wu YN, He Q, Wang
ZJ, Liu YY, Wang DR, Peng X, et al. Sampling cores
and sequencing depths affected the measurement of
microbial diversity in soil quadrats[J]. Science of The
Total Environment, 2021, 767: 144966

[10] Dickie 1A, Boyer S, Buckley HL, Duncan RP, Gardner
PP, Hogg ID, Holdaway RJ, Lear G, Makiola A,
Morales SE, et al. Towards robust and repeatable
sampling methods in eDNA-based studies[J]. Molecular
Ecology Resources, 2018, 18(5): 940-952

[11] Fortunati GU, Banfi C, Pasturenzi M. Soil sampling[J].
Fresenius’ Journal of Analytical Chemistry, 1994,
348(1): 86-100

[12] pkSest, SAER]. LIERUEY 2R ROk iR SR
SRS IIRELT]. L3R, 2008, 45(5): 892-900
Lin XG, Hu JL. Scientific connotation and ecological
service function of soil microbial diversity[J]. Acta
Pedologica Sinica, 2008, 45(5): 892-900 (in Chinese)

[13] SEHAFN, woe, TRk, skodlh. L MEEme s
AHOCHE I BRICT: REMI B A0 A £ 4k e B0 K e Ak 74
HEA T[], B EEIR, 2004, 23(3): 366-374
Mo MH, Huang Y, Xu J, Zhang KQ. Tagging the genes
involved in trapping-device in nematode-trapping fungi
I: transformation of the nematode-trapping fungi and
characteristic
Mycosystema, 2004, 23(3): 366-374 (in Chinese)

[14]Li JY, Qian WY, Qiao M, Bai YL, Yu ZF. A new
Drechderella species from Hainan, China[J]. Mycotaxon,
2013, 125(1): 183-188

[15] Zhang KQ, Hyde KD. Nematode-Trapping Fungi[M].
Dordrecht, Netherlands: Berlin: Springer, 2014

[16] Liu SR, Su HY, Su XJ, Zhang F, Liao GH, Yang XY.
Arthrobotrys xiangyunensis, a novel nematode-trapping

analysis of the transformants[J].

taxon from a hot-spring in Yunnan province, China[J].
Phytotaxa, 2014, 174(2): 89-96

[17] Zhang F, Zhou XJ, Monkai J, Li FT, Liu SR, Yang XY,
Wen X, Hyde KD. Two new
nematode-trapping fungi (Dactylellina, Orbiliaceae)

species  of

from burned forest in Yunnan, China[J]. Phytotaxa,

2020, 452(1): 65-74

[18] Zhang Y, Qiao M, Baral HO, Xu JP, Zhang KQ, Yu ZF.
Morphological and molecular characterization of
Orbilia pseudopolybrocha and O. tonghaiensis, two
new species of Orbiliaceae from China[J]. International
Journal of Systematic and Evolutionary Microbiology,
2020, 70(4): 2664-2676

[19] Quijada L, Baral HO, Beltran-Tejera E, Pfister DH.
Orbilia jesu-laurae (Ascomycota, Orbiliomycetes), a
new species of neotropical nematode-trapping fungus
from Puerto Rico, supported by morphology and
molecular phylogenetics[J]. Willdenowia, 2020, 50(2):
241-251

[20] W loe e, XUSZaE, JRB 8, MRS, wEdE, IR E.
T 2 UL AR W) ZREERT SR (D). Z BRI A
2#,2011, 39(23): 14183-14184, 14207
Yang XY, Liu LP, Su XJ, Ye YB, Huang AY, Su HY.
Study on the biological diversity of nematode-trapping
fungi in Erhai Lake[J]. Journal of Anhui Agricultural
Sciences, 2011, 39(23): 14183-14184, 14207 (in
Chinese)

1] BT IH, A8, M, XK, K30, il Ko
X A £ 4 H T R T S A R ] R
2F3, 2018, 3(12): 82-86
Zhou XJ, Deng W, Teng M, Liu SR, Xiao W, Yang XY.
Effects of fire on the structure of the nematode-trapping
fungi community in Cangshan Mountain[J]. Journal of
Dali University, 2018, 3(12): 82-86 (in Chinese)

221 X4, FHK3ze, XAE, b, XIBR, e,
M SC. 3 I RRE 2 S 0 R B A 1A R R R L A A
R R[], RS2, 2019, 39(17): 6452-6459
Deng W, Wang JL, Liu LL, Fang YH, Liu SR, Yang
XY, Xiao W. Slope’s scale effect on the distribution
patterns of nematode trapping fungi from Cangshan
Mountain, Dali[J]. Acta Ecologica Sinica, 2019, 39(17):
6452-6459 (in Chinese)

[23]1 KK, skeedh, XU L. LR EY 5 2K M.
bt EBEEROR AL, 2000
Li TF, Zhang KQ, Liu XZ. Taxonomy of Nematophagous
Fungi[M]. Beijing: China Science and Technology
Press, 2000 (in Chinese)

[24] XIF W, 5K e 8. A B HUR P B R bR A IR 5 122 0],
A= M 27iE e, 2004, 31(1): 92-95

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



JA TS5 AN R R S R0 - S B 2 O DR 2 A AR I 45 2R 3603

Liu XF, Zhang KQ. Slide making methods for
predacious nematode fungi[J]. Microbiology China,
2004, 31(1): 92-95 (in Chinese)

[25] sk vedh, BRI, PEEEE. Bt 2%, AR
FARSCJR M. dbat: Bl et 2006
Zhang KQ, Mo MH. Flora Fungorum Sinicorum (Vol.
33): Arthrobotrys Et Gengra Cetera Cognata[M].
Beijing: Science Press, 2006 (in Chinese)

[26] White TJ, Bruns T, Lee S, Taylor J. Amplification and
Direct Sequencing of Fungal Ribosomal RNA Genes
for Phylogenetics[A]/PCR Protocols[M]. Amsterdam:
Elsevier, 1990: 315-322

[27) B I AE B 5 I, FI%E/R DW. 43 Fri LI KR [M].
AL, PRO3ORR. dEaT BReE iR RRAE, 2002

Sambrook J, Russell DW. Molecular Cloning: A
Laboratory Manual[M]. Huang PT, trans. 3rd ed.
Beijing: Science Press, 2002 (in Chinese)

[28] Burland TG. DNASTAR’s lasergene sequence analysis
software[J]. Methods in Molecular Biology: Clifton, N
J, 2000, 132: 71-91

[29] Johnson M, Zaretskaya I, Raytselis Y, Merezhuk Y,
McGinnis S, Madden TL. NCBI BLAST: a better web
interface[J]. Nucleic Acids Research, 2008, 36(Web
Server): W5-W9

[30] Deng W, Wang JL, Scott MB, Fang YH, Liu SR, Yang
XY, Xiao W. Sampling methods affect nematode-
trapping fungi biodiversity patterns across an elevational
gradient[J]. BMC Microbiology, 2020, 20: 15

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



