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Abstract: Plant endophytic fungi and rhizosphere soil fungi are often reported as biocontrol agents against
plant pathogens or with plant growth promotion potential. Four treatments were performed in field and
greenhouse experiments where cucumber plants were inoculated with Trichoderma harzianum and Fusarium
oxysporum in 2022. The roots, stems and leaves of cucumber plants and their rhizosphere soil were collected
twice individually from the field and greenhouse for isolation of cucumber endophytic and rhizosphere soil
fungi. All 74 genera and 1275 fungal strains were sequenced by rDNA ITS. The PDA media yielded the highest
number of genera isolated from cucumber plants, rhizosphere soil and both compared to other media. There
were no significant differences among the 4 media for the isolation of cucumber endophytic fungi. The best
media for isolating fungi from roots and stems were MRBA and PDA, respectively. PDA and CZA had higher
isolation efficiency for the rhizosphere soil fungi than MRBA. The 28 fungal genera had high isolation efficiency,
and the endophytic Trichoderma strains were best isolated by MEA. It is suggested that PDA can be used as a
basic medium, and different media can be considered for specific fungal genera.
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1. Introduction

Fungi occurring in host plants as endophytes have been demonstrated to act as biocontrol agents
against plant pathogens and have plant growth-promoting potential [1]. Some soil fungi have been
widely studied and commercially marketed as biopesticides, biofertilizers and soil amendments [2].
There are several reports of different isolation media being used to isolate diverse culturable fungi
from plants and soil [3,4].

Different media are an important factor affecting the isolation of endophytic fungi [5-7].
Culturable endophytic fungal species from Artemisia thuscula have a “preference” for nutrient
medium, and using different culture media to obtain a higher diversity of species was suggested [8].
Only one medium [9-17], two [5,18] or three [4,19] different media, four [20,21] and even seven
different media [7] were reported to isolate plant endophytic fungi, while potato dextrose agar (PDA)
was almost always selected among more than one isolation medium. There are various media
available for the isolation of plant endophytic fungi, in which PDA is the most common medium
[4,5,7,9,15,16,19,21-23], and PDA has been reported to have better isolation efficacy than other media
[5,23]. Malt extract agar (MEA) is the second most commonly used material to isolate endophytic
fungi from plants [4,5,13]. For isolating endophytic fungi, Rose Bengal agar medium (RBA) [20] and
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corn meal agar (CMA) [11,14] were also chosen less often than PDA and MEA, while other media,
such as Czapek agar medium (CZA) [19,23], Hagem agar medium [19], and V8 juice medium, were
rarely used [4].

To isolate as many soil fungi as possible, one to four different media [12,24-31] are often applied
for isolation. PDA [25,27,31], CZA [27,32,33], RBA [28,34], Martin's Rose Bengal agar medium
(MRBA) [26] and MEA [24,30,31,33] are common media for isolating soil fungi. Other media, such as
Martin medium [25,31], water agar [27,33], and YM [24], are also used. Among PDA, CZA and WA,
PDA resulted in a large number of fungal strains, and most strains were common to both PDA and
CZA, while WA supported pycnidia-producing fungi [27]. When Martin medium was used, the
number of total fungi in sorghum, eucalyptus and forested soils was higher than that in CZA medium
[32].

Plant endophytic fungi and soil fungi have abundant populations, and the selection of suitable
medium or different media is one of the key factors for successful isolation of fungal diversity. In this
study, to isolate both plant endophytic fungi and soil fungi as fully as possible, a combination of
multiple media was used to increase the effectiveness of fungal isolation. During two growth periods
of cucumber in the field and greenhouse, potato dextrose medium (PDA), malt extract medium
(MEA), Martin's Rose Bengal agar medium (MRBA) and corn powder agar medium (CMA) were
selected to isolate endophytic fungi from cucumber plants, and Czapek agar medium (CZA), PDA
and MRBA were used to isolate soil fungi from the cucumber rhizosphere. A total of five different
media were tested to optimize isolation media to isolate various communities of cucumber plants
and rhizosphere soils.

2. Materials and Methods

2.1. Plants and soil sampling

On June 20 and July 12, 2022, the cucumber field experiment and greenhouse experiment were
separately carried out in the field and greenhouse at the Chinese Academy of Agricultural Sciences
(39°57 '34 "N, 116°19' 19" E). Four treatments were performed: control (CC), inoculation with
Trichoderma harzianum (CT), inoculation with Fusarium oxysporum (CF) and inoculation with T.
harzianum and F. oxysporum (TF). The field experiment was carried out in a field with length x width
=15 m x 1.2 m, which had 20 rows, and each treatment consisted of 5 rows. There were 10 cucumber
plants in each row, for a total of 200 cucumber plants. Samples were collected from the field and
greenhouse twice separately (Table 1), and in the field, each plant sample was collected from one row
for each treatment. The soil was collected along with the whole plant, wrapped in a sterilized paper
bag, and immediately transported to the laboratory. In the greenhouse experiment, each treatment
contained 30 plants, and a total of 120 plants were grown. One cucumber plant was grown in each
pot (10 cmx10 cm) filled with 500 g of the soil from the field. Samples were collected twice from the
greenhouse experiments (Table 1). The fungi were isolated from the roots, stems and leaves of
cucumber plants 48 hours after collection. The soil was stored in sterilized polythene bags at 4 °C and
isolated within 7 days.

Table 1. Details of collected cucumber plants and their corresponding rhizosphere soil

Collection . Growth Stage Plants Soil Treatment-row/pot
. Location
time number number number

Jul. 20,2022 field seedling 16 16 CC-4; CT-4; CF-4;
Aug.5,2022 greenhouse seedling 16 16 TF-4
Aug. 14,2022 field flowering 16 16
Aug. 21,2022 greenhouse Vine growth 16 16
Jul. 20,2022  field seedling 16 16

total 64 64
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2.2. Cultural media

Four different cultural media were used for isolation of cucumber endophytic fungi: PDA (
potato 200 g, dextrose 20 g, agar 15~20 g, distilled water 1000 mL) , MEA ( malt extract 30 g,
mycological peptone 3 g, agar 15 g, distilled water 1000 mL), CMA agar (corn meal 2 g, agar 15 g,
distilled water 1000 mL), and MRBA (peptone 5 g, dextrose 10 g, KH2PO+ 1 g, MgS040.5 g, agar 15 g
, rose bengal 0.03 g, chloram phenicol 0.1 g, distilled water 1000 mL), while three media, PDA, MRBA
and CZA (NaNOs2.0 g, K:kHPOs+ 1 g, KC1 0.5 g, MgSO4 0.5 g, FeSO40.01 g, saccharose 30 g), were used
for isolation of rhizosphere soil fungi. Except for MRBA, ampicillin and chloramphenicol were added
to the other four culture media so that the concentration of both reached 10 pg/ml to inhibit the
growth of bacteria.

2.3. Isolation of endophytic and rhizosphere soil fungi

The plant tissues were cut into 1-2 cm blocks, soaked in 70% ethanol for 30 s, transferred to 4%
NaClO, immersed for 2 min, and rinsed with sterile water 3 times, and the surface moisture was
absorbed by sterile filter paper. Drops of last step sterilization water were poured on medium plates
as a control check for complete sterilization. After the dried tissue blocks were inoculated into various
media with 4 blocks per plate, the inoculation medium was placed in a 28 °C incubator.

The soil fungi were separated by the dilution plate method. Ten grams of soil was added to a
250 ml conical flask containing 90 ml of sterile water in rotation and mixed at 160 rpm for 25 min.
Subsequently, serial 10-fold dilutions were performed, and 100 uL aliquots of 10 and 10+ dilutions
of each sample were plated for isolation of fungi by three culture media. All plates were incubated at
28 °C for 3 days to observe and purify the fungi.

The fungi were purified by transferring a small amount of mycelium from the edge of each
colony to a new PDA plate. Each pure strain was preserved on PDA media in two centrifuge tubes at
room temperature.

2.4. Strain identification

The total genomic DNA of each strain was extracted using a direct PCR kit from Triumfi Plant
based on the manufacturer's instructions (cat. SD311, Genes and, Chain). Using the genomic DNA as
the template, the internal transcribed spacer (ITS) regions spanning from the end of the 185 rDNA to
the beginning of the 285 rDNA for each strain were amplified using the primer pair V9G/ITS4 [35].
Thermal cycling conditions for PCR amplification were set as follows: 98 °C for 5 min, 35 cycles of 98
°C for 10 s, 60 °C for 30 s, 72 °C for 25 s, and a final extension at 72 °C for 5 min. PCR products were
sent to GENEWIZ, Inc. (Suzhou, China) for sequencing. The 1560 sequences were run through the
BLASTN search page using the Megablast program (National Center for Biotechnology Information;
Bethesda MD, USA), where hits with more than 98% similarity with published papers and their
accession numbers were obtained. The taxon names of BLAST search results were checked on the
web of fungal names (https://nmdc.cn/fungalnames), and the current names were used in the
resulting analysis. A total of more than 1000 Trichoderma strains were isolated, and those from the CT
and TF treatments were selected for sequencing with at least one Trichoderma strain each from the
leaf, stem and root of each plant and their corresponding rhizosphere soil samples.

2.4. Data analysis

The rarefaction curve was constructed using the iNEXT package, comparisons of the estimated
and extrapolated species richness in plots were calculated based on 50 bootstrap replicates at a 95%
confidence interval [36]. A Krona pie chart of 1275 strains was generated using the OmicShare tools
at www.omicshare.com/tools, while 1584 strains of Trichoderma harzianum from the CT and TF
treatments and 154 strains of Fusarium oxysproum from the CF and TF treatments were not included
in the Krona pie chart. The construction of Venn diagrams and all statistical analyses of 1275 strains
were performed using imageGP [37]. The diversity of fungi was analysed by the Shannon index [38],
and the number of genera and Simpson index were calculated to determine the homogeneity of fungi
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[39]. Significance analysis of rhizosphere and endophytic fungal genera, Shannon index and Simpson
index was performed by taking each period in the field and greenhouse as a replicate, with a total of
4 replicates per medium, and counting the number of genera, Shannon index and Simpson index.
Then, the number of genera, Shannon index and Simpson index were compared using ANOVA and
two-way ANOVA followed by Bonferroni correction (multiple comparisons) [40] and a Wilcoxon
matched pairs test (pairwise comparisons) [41].

3. Results

3.1. Community composition of endophytic fungi and rhizosphere soil fungi

A total of 1275 strains isolated from cucumber plants and rhizosphere soil were analysed for
fungal diversity. With the isolation depth near the saturation point of the sparse curve, the sampling
effort was sufficient to achieve the diversity of the isolated fungal species (Figure 1). Through rDNA
ITS sequence analysis, all 1275 strains were classified into 145 species (Table 2), representing 4 phyla,
14 classes, 27 orders, 47 families, and 74 genera. As shown in Figure 2, the percentage of Ascomycota
was highest, followed by Mucoromycota, Basidiomycota and Oomycota. In Ascomycota, Sordariomycetes
made up the greatest proportion of the class, followed by Dothideomycetes and Eurotiomycetes. With
regard to orders, Eurotiales, Pleosporales and Hypocreales were the most abundant. On a familial level,
Aspergillaceae, Didymellaceae and Cladosporiaceae were the most abundant. Among all isolated fungi,
Aspergillus, Stagonosporopsis and Cladosporium were the top three genera, and they also accounted for
the largest proportion of Ascomycetes. Among Mucoromycota, Mortierella and Mucor were the most
isolated with 52 and 20 strains, respectively, followed by Actinomortierella and Cunninghamella with 4
strains, Rhizopus with 3 strains, Umbelopsis with 2 strains, and Linnemannia with 1 isolate. In
Basidiomycota, a total of 7 genera, Malassezia (3 strains), Rhizoctonia (3 strains), Ceratobasidium (2
strains), Irpex (1 strain), Moesziomyces (1 strain), Schizophyllum (1 strain) and Trametes (1 strain), were
obtained. Pythium and Globisporangium were the isolated fungal genera belonging to Oomycota.

150-
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Figure 1. Rarefaction curves with 95% confidence intervals of estimated species richness of the
isolated fungal community of cucumber in the field and greenhouse.
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Figure 2. Krona diagram of all isolated fungi.

Table 2. A total of 74 fungal genera and 145 species identified by BLAST search in this study.

Accession
. Accession No. in No. in
Strains Species Name Per.Ide GenBank of Strains No. Species Name Per.Ide GenBank of
No. nt . nt
Reference strain Reference
strain
GSSCEL - Acremonium o7 joo.  \MH8594151  FPSCC39RR-1 ~ Clovisporangiu 10000y b0y 4
574-6 camptosporum m recalcitrans %
GSVCC Acrer'nomum 100.00 AB540563.1 GPSCCO5RR- Glomerel-la 100.00 AJ301965.1
22P3-7 felinum % 1 lagenaria %
GSVCC Acremonium g goor MHS64511.1  GSSCCO5P3-4  CTWPHUM gg use, EF165016.1
22P3-8 persicinum basitruncatum
GSSCEL - Acremonium g, g, KJ194115.1 CPVTE34RS-3  L0/KMessit gy 0400 MHS865961.1
473-9 sclerotigenum ellipsoidea
Humicola
GPVEC Acrocalymma g ~cq, KJ188710.1 FSSCF48R3-14  fuscoatravar. ~ 98.81%  MHS63738.1
21CR-2 vagum
fuscoatra
FSSCCA — Actinomortierell ¢ 7, JX976067.1 GPSCCo7Ps-1  LHmCOl g hoo,  MHB63772.1
2P3-11 a ambigua variabilis
CSVCC - Albifimbria— g¢ 514, KU845891.1 FSSCC41E4-1  Irpexlacteus — 99.62%  OL685330.1
2173-4 verrucaria
GPVCC Alternaria 100.00 Lectera o
2DEL-1 alternata % LC440583.1 FSSCC39P3-4 colletotrichoides 98.04% AJ301962.1
FSECCS  ernariaatra 99.70% MHS864090.1 FSFCF64P3-3  LIMOMAMNIA gy 300, MHS59222.1
8723-7 gamsii
Antarctomyces .
FSFCF6 . o GPVCT24PR- Macrophomina 100.00
573-8 psychrostrophlcu 97.19% NR_164292.1 ’ phaseolina % EF570500.1
CSVCC - Apiospora —gq 5q0, KF144915.1 Gsvecaoza  Malassesingg ge EU400587.1
21P4-2 rasikravindrae restricta
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FSFCT6
0Z3-6
FSSCF5
0P3-6
GSSCF1
473-12
FSFCC5
8P3-1
FSSCC4
0Z4-15
GPSCC
04RS-1

FSFCC5
6723-7

GPSCC
05PS-1
FSSCT4
374-7
GSSCTO0
9P3-5
FSSCC4
273-7
FSSCC4
174-1
GSS5CCOo
673-5
FSFCC5
773-3
GPVCC
23PS-2
GSSCCo
4P3-2
GPSsCC
05PL-2
FSSCC3
973-1
FSSCF4
8P3-1

FPFTF6
8CR-1

FSSCC4
2P3-6
FPFCF6
4PS-3
GPVCC
23ER-1
FSSCF5
O0R3-2
FPSCC4
0ER-2
FPSCC4
1RS-4
FSSCF4
873-3
GSS5CCOo
4P3-5
GPSCC
07RR-2
FSFCC5
873-3
GPSCTO0
8PL-1
GSSCCo
4P3-4

Aspergillus
alabamensis
Aspergillus
baeticus
Aspergillus
clavatus
Aspergillus
eucalypticola
Aspergillus
flavus
Aspergillus
heldtiae
Aspergillus
minisclerotigene
s
Aspergillus
niger
Aspergillus
nomiae
Aspergillus
pallidofulvus
Aspergillus
pseudodeflectus
Aspergillus
pseudonomiae
Aspergillus
seifertii
Aspergillus
sigurros
Aspergillus
sydowii
Aspergillus
uvarum
Aureobasidium
melanogenum
Bisifusarium
delphinoides
Boeremia exigua
var. exigua

Boeremia exigua
var. populi

Calonectria
ciliata
Cephalotheca
sulfurea
Ceratobasidium
chavesanum
Chaetomidium
leptoderma
Chaetomium
elatum
Chaetomium
globosum
Chaetomium
perlucidum
Chaetomium
piluliferum
Cladosporium
acalyphae
Cladosporium
anthropophilum
Cladosporium
dominicanum
Cladosporium
halotolerans

97.77%

99.42%

97.24%

99.86%

100.00
%

98.71%

100.00
%

99.86%

99.71%

98.81%

99.25%

97.29%

97.37%

97.77%

99.70%

100.00
%

99.85%

99.82%

97.48%

97.24%

97.82%

97.71%

97.44%

97.33%

98.65%

99.85%

99.84%

99.85%

100.00
%

99.85%

99.85%

99.85%

MH863630

MT990731.1

NR_121482.1

OL711732.1

MH279408.1

MK450656.1

MH279386.1

MT990733.1

MH279387.1

MK450639.1

MK450642.1

MH279417.1

MK450648.1

MK450650.1

MT990722.1

OL711726.1

MHS863678.1

KP132212.1

EU343168.1

MN0973161.2

MH864520.1

AB278194.2

NR_164016.1

NR_164219.1

MH871792.1

AB449671

MH857726.1

MHS861633.1

MHS863861.1

MF574171.1

MF472969.1

MF473103.1

GSSCC06Z3-
9-2
FSFCT62P3-8-
1

GSSCC06Z3-2

FSFCF64Z73-4

GPSCC04PS-1

FPSCF50CS-1

GPVCC20PS-4

FPFCT61CR-2

GSSCC04Z3-9

FPFCC58ER-3

FSSCC42P3-19

FSSCC41E4-2

GSVCC23P3-7

GSVCF31Z3-6

FSFTF68Z73-3

FSFCF64P3-4

GSVCC23Z3-6

GSVCF31P3-8

FSFTF70P3-2

FSSCC39Z3-
11

FSFCF65R4-2

GPVCC21RS-
3

FSSTF5473-5

GSVCC21Z3-1

FSSCF49P3-11

FSSCC41R3-
10

FSSCC40Z4-2

FSSCC41Z3-6

FSFCC58P3-4

FSFCF65R3-2

GSVCC20P3-3

FSSCC40Z3-7
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Marquandomyc
es marquandii
Metarhizium

anisopliae
Meyerozyma
guilliermondii
Microascus
brevicaulis
Microdochium
musae
Moesziomyces
aphidis

Monosporascus
cannonballus

Monosporascus
ibericus
Mortierella
alpina
Mucor
aseptatophorus
Mucor
circinelloides

Mucor fragilis

Mucor hiemalis

Nalanthamala
vermoesenii
Ochroconis

tshawytschae
Paraisaria
heteropoda
Paramyrotheciu
m humicola
Paramyrotheciu
m roridum
Paramyrotheciu
m viridisporum
Penicillium
aurantiocandid
um
Penicillium
cerradense
Penicillium
citrinum
Penicillium
commune
Penicillium
copticola
Penicillium
daleae
Penicillium
flavigenum
Penicillium
goetzii
Penicillium
lapidosum
Penicillium
nothofagi
Penicillium
oxalicum
Penicillium
senticosum
Penicillium
sizovae

97.24%

99.54%

99.88%

99.85%

97.14%

99.03%

99.84%

97.53%

99.87%

97.89%

99.37%

99.85%

100.00
%

97.12%

90.06%

100.00
%

99.71%

99.66%

99.69%

100.00
%

98.53%

100.00
%

97.25%

99.84%

96.56%

99.85%

99.41%

98.24%

99.13%

98.97%

99.41%

99.70%

AB(099511.1
FJ545329.1
MH545918.1
MT732896.1
MH107898.1

JQ743064.1

JQ771932.1

1Q973832.1

AJ271630.1

MZ433252.1
MH854919.1
GU566275.1
MF782793.1
TX456473.1
MHB858782.1
AB084157.1
MH864508.1
HQ115647.1

MH864343.1

MH861314.1

MTO006127.1
MH858380.1

GQ458026.1

NR_121516.
1

MH854984.1
MH862182.1
MH859954.1
MHS860150.1
MH864386.1
LC386216.1

MHS860152.1

MH858522.1
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GSSCCo
6P3-11

GS5CCOo
6723-7

GPSCC
04RR-2
GSvVCC
2173-3
GPVTE3
5EL-4

GPVTE3
3PL-1

GPVTE3
3RL-2
GSSCCo
673-4
FSSCC4
1R3-14
FPSCC4
0ES-2
GPSCC
05CL-1
GSvCC
22R3-2
FSSCC4
1P3-7

GSvCC
23P3-5

GPSCF1
3EL-1
FSSCF5
0R3-10

FPSCC4
0CS-2

GPSCC
07CR-1
FSECC5
5P4-3
FSSCC4
273-18
GSSCCOo
4P3-10
FSFCC5
7P3-5
FPSCF4
7CS-1-2
GSVCC
22R3-5
GPVTE3
4ER-1
FSFCC5
873-6
GPSCC
04ES-2
FSSCC4
1R3-11
FSFCF6
673-4
FSSCC4
273-15

Cladosporium
parahalotolerans
Cladosporium
sphaerospermu
m
Cladosporium
tenuissimum
Cladosporium
velox
Cladosporium
westerdijkiae
Cladosporium
xanthochromatic
um
Cladosporium
xylophilum
Clonostachys
rosea
Collariella
gracilis
Colletotrichum
dematium
Colletotrichum
gloeosporioides
Coniochaeta
fasciculata
Coniochaeta
mutabilis

Cunninghamella
echinulata

Curvularia
americana
Didymella
pomorum

Didymella rosea

Edenia
gomezpompae
Engyodontium

album

Fusarium
anthophilum
Fusarium
falciforme
Fusarium
fujikuroi
Fusarium
graminearum
Fusarium
napiforme
Fusarium
oxysporum

Fusarium solani

Fusarium
tricinctum
Fusicolla
acetilerea
Geomyces
asperulatus
Gibellulopsis
nigrescens

99.85%

99.70%

99.85%

100.00
%
100.00
Y%
99.54%

100.00
%

99.41%
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3.2. Influence of culture medium on fungal isolation

A total of five types of cultural media were utilized in this investigation, yielding a total of 74
fungal genera. Each culture medium yielded between 26 and 55 distinct fungal genera (Table 3).
Furthermore, there were 28 fungal genera with high isolation efficiency. Among them, 17 fungal
genera were successfully isolated using all five media, 16 and 24 genera were isolated with all 4
endophytic fungi isolation media and all 3 rhizosphere soil fungi isolation media individually, and
12 genera were isolated from roots, stems and leaves of cucumber plants (Table 4; Figure 4).
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Figure 3. Comparison among different media from cucumber plants and rhizosphere soil samples: (a)
the number of fungal genera; (b) the number of fungal strains.

Table 3. Fungal genera isolated by each medium.

. Number of Strain .
Fungal Type Media Genera Number Specific Genera compared to PDA
Acrocalymma; Boeremia; Clonostachys;
endophytic fungi CMA 26 138 Graphium; Moesziomy’cesl; Mucor;
(total 44 genera 504 Paramyrothecium
strains) MEA 2% 11 Ceratobasidium; (;urvulurza, Mucor,
Paramyrothecium; Preussia
Antarctomyces; Bisifusarium;
Edenia; Geomyces;
rhizosphere soil fungi Marquandomyces; Meyerozyma;
(total 61genera CZA 45 290 Microascus; Monosporascus;
771strains) Nalanthamala; Ochroconis;
Pyricularia; Sarocladium;
Striaticonidium; Trichocladium
endophytic fungi 32 114
rhizosphere soﬂ. fungi PDA 45 331 )
total fungi
(74genera 1275strains) 55 445
. . Globisporangium; Graphium;
h f 27 131
endophytic fungi 3 Harknessia; Mucor; Trametes
rhizosphere soil fungi MRBA 33 150 Chaetomidium; Irpex; Monosporascus
total fungi 45 281 Chaetomidium; Globisporangium;

Harknessia, Irpex; Trametes

1 Bold and underline fonts indicate the specific genera isolated only by this media.
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Table 4. Fungal genera with high isolation efficiency.

Isolated . Isolated with 4 Isolated from
. Isolated with 3 types
Genera with 5 of rhizosphere soil types_ of . roots, stems and
types of . . endophytic fungi leaves of
. fungi culture media .
media culture media cucumber plants

1 Acremonium +

2 Acrocalymma +

3 Albifimbria +

4 Alternaria” + + + +

5 Apiospora +

6 Aspergillus + + + +

7 Chaetomium + + +

8 Cladosporium + + + +

9 Clonostachys +

10 Colletotrichum + + + +

11 Coniochaeta + +

12 Edenia + +

13 Fusarium + + + +

14 Humicola +

15 Lectera +

16 Malassezia +

17 Microdochium + +

18 Monosporascus + + +

19 Mortierella +
20 Mucor + +
21 Paramyrothecium + +
22 Penicillium + + + +
23 Phoma +
24  Plectosphaerella + + + +
25 Pseudogymnoas N N .

cus
% Stagont?sporops . N . .
is

27 Talaromyces + + + +
28 Trichoderma + + + +

“Bold fonts indicate the fungal genera isolated on both cucumber endophytic and rhizosphere soil samples.

The number of genera, strains and endophytic genera of endophytic fungi and soil fungi isolated
with each medium are listed in Table 3. Specifically, 10 genera of fungi were isolated only by CZA,
which yielded the highest number of strains, while 8 genera were isolated only by PDA, 5 genera
were isolated only by MRBA, 3 genera were isolated only by MEA and 1 genus was isolated only by
CMA (Table 3; Figure 4a). In endophytic fungi, the number of genera isolated by PDA was the highest,
while the number of strains isolated by PDA was the lowest. PDA yielded the highest number of
genera and strains in the rhizosphere soil fungi (Figure 3).

If only one medium is selected, PDA yields the highest number of genera isolated from
cucumber endophytes, rhizosphere soil fungi and both compared to other media. Therefore, it is a
suitable medium for the simultaneous isolation of both cucumber endophytic and rhizosphere soil
fungi. PDA alone isolated endophytic fungi of 32 genera accounting for 72.7% of all four media
isolated to 44 genera, rhizosphere soil fungi of 45 genera accounting for 73.8% of all three media
isolated to 61 genera, and both endophytic and rhizosphere soil fungi of 55 genera accounting for
74.3% of all five media isolated to 74 genera. There were 22 genera of endophytic fungi isolated with
both PDA and MRBA, accounting for 81.5% of all endophytic fungi isolated with MRBA. Only 5
genera were isolated with MRBA but not PDA, accounting for 11.3% of all endophytic fungal genera.
There were 30 genera of rhizosphere soil fungi isolated with both PDA and MRBA, accounting for
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90.9% of all rhizosphere soil fungi isolated with MRBA. Only 3 were confirmed to be isolated with
MRBA and not with PDA, accounting for 4.9% of all rhizosphere soil fungal genera.

leaf CZA

Figure 4. Venn diagram shows: (a) Genera of all isolated fungi in different media; (b) Genera of
isolated endophytic fungi in different media; (c) Genera of isolated endophytic fungi in roots, stems
and leaves; (d) Genera of isolated soil fungi of different media types.

3.3. Effects of culture medium on endophytic fungal diversity

In the isolation of endophytic fungi, there were no significant differences among the four media.
The number of genera isolated with each medium was 11.75+2.50, 10.00+2.44, 11.75+3.30 and
10.75+2.36 (Figure 5a), and the Shannon index was 2.81+0.53, 2.57+0.29, 2.85+0.56, and 2.73+0.45
(Figure 5b), respectively; Simpson's index was 0.80+0.13, 0.79+0.14, 0.81+0.13 and 0.82+0.14 (Figure
5¢), respectively. The number of endophytic genera and Shannon index of fungi isolated with PDA
were larger than those of the other media.
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Figure 5. Diversity indices of fungi isolated with different media. (a), (b), (c): The number of genera,
Shannon index and Simpson index of endophytic fungi isolated on different media; (d), (e), (f): The
number of genera, Shannon index and Simpson index of soil fungi isolated on different media; box
graph data are all mean +s.d. (n=4); a, b =same letter indicating no significant difference when p<0.05).


https://doi.org/10.20944/preprints202306.1017.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 June 2023 d0i:10.20944/preprints202306.1017.v1

11

A total of 506 strains of endophytic fungi were isolated by PDA, MRBA, MEA, and CMA media,
belonging to 21 orders, 33 families and 44 genera (Figure 4b). The highest number of genera was
recovered from PDA with 131 strains and 32 genera, followed by MRBA (114 strains, 27 genera),
CMA (138 strains, 26 genera) and MEA (123 strains, 26 genera) (Table 3). There were 16 genera of
endophytic fungi obtained in all four media (Table 4). Among the endophytic fungi, Cladosporium,
Colletotrichum and Stagonosporopsis were the genera with the highest number of strains isolated from
the four cultures. On the other hand, 5, 3, 3 and 3 genera were unique to the isolated endophytic fungi
from the PDA, MRBA, CMA and MEA media, respectively (Figure 3b). The genera Acremonium,
Aureobasidium, Cephalotheca, Humicola and Pythium were obtained only on PDA, while
Globisporangium, Harknessia and Trametes were isolated only from MRBA; Boeremia, Clonostachys and
Moesziomyce were isolated only from CMA; and Ceratobasidium, Curvularia and Preussia were isolated
only from MEA.

There were 20 genera of endophytic fungi isolated with PDA and CMA, accounting for 76.9% of
all endophytic fungal genera isolated with CMA. Only 6 genera were isolated with CMA but not
PDA, accounting for 13.6% of all endophytic fungal genera. There were 17 genera of endophytic fungi
isolated with PDA and MEA, accounting for 65.4% of all endophytic fungi isolated with MEA. Only
5 of them were isolated with MEA but not PDA, accounting for 11.4% of all endophytic fungal genera.
Compared with PDA, 6, 5 and 5 genera of specific fungi were isolated with CMA, MEA and MRBA,
respectively.

3.4. Effect of the medium type on endophytic fungal diversity in different tissues of the plant

The most genera of fungi isolated with the four media were 113 strains (32 genera) in the stems,
followed by 240 strains (26 genera) in the roots and 153 strains (22 genera) in the leaves (Figure 3d).
The number of endophytic fungi isolated on different parts of the plant on different media was
remarkably different (two-way ANOVA test, p<0.05). When MEA was adopted, the number of genera
isolated from stems (6.25) was significantly greater than that from roots (2.50) (Table 5). In the roots,
the number of endophytic fungi isolated by MRBA (6.50) was significantly higher than that isolated
on MEA (2.50), but in the stems, the number of fungi isolated with MRBA was significantly lower
than that isolated with PDA (Table 5).

Table 5. The number of genera of endophytic fungi isolated in different plant parts with each

medium.
Genus CMA MEA PDA MRBA
root 5.50a AB! 2.50b B 3.00b AB 6.50a A
stem 7.75a AB 6.25a AB 8.75a B 4.50a A
leaf 4.25a A 3.75ab A 4.75b A 3.25a A

'The same row marked with different lowercase letters indicates significant differences between groups, and the
same row marked with different capital letters indicates significant differences between groups.

MRBA was the medium with the largest number of root fungal genera isolated among the four
media, significantly more than MEA. In roots, Fusarium, Monosporascus and Stagonosporopsis were the
three genera with the highest number of strains obtained. The greatest number of Monosporascus and
Stagonosporopsis strains was observed in MEA and PDA media, respectively. CMA yielded the highest
number of Fusarium strains. MRBA isolated the largest number of Monosporascus strains. Preussiacan
was only isolated from the root using MEA, and Trametescan was only isolated from the root using
MRBA.

In the stem, PDA showed significantly better separation than MRBA. In the stem, Cladosporium,
Colletotrichum and Stagonosporopsis were the three genera with the highest number of strains obtained.
In addition to MEA, Stagonosporopsis was the main isolated genus in the other three media.
Moesziomyces was isolated from stems only by CMA. Acremonium, Cephalotheca, Humicola and Pythium
were isolated from stems using only PDA. Harknessia was only isolated from the stem using MRBA.
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In the leaves, the number of fungal genera isolated by the four medium differences was not
significant. In the leaves, Alternaria, Cladosporium and Stagonosporopsis were the three genera with the
highest number of strains obtained. Among them, Stagonosporopsis had the most strains in all four
cultures. Clonostachys was isolated only from leaves using CMA; Curvularia was isolated only in
leaves using MEA; and Aureobasidium was isolated from leaves only using PDA.

3.5. Effects of culture medium on soil fungal diversity

In rhizosphere soil fungi, there were significant differences in the number of genera, Shannon
index and Simpson index of fungi isolated by CZA, MRBA and PDA. The number of genera, Shannon
index and Simpson index of soil fungi isolated with CZA, MRBA and PDA were 22.75 + 3.10, 11.75 +
741, 24.50 + 6.45 (Figure 5d); 3.76+ 0.04, 2.88 + 0.53, 3.85 + 2.88 (Figure 5e) and 0.90 + 0.01, 0.85 + 0.03,
091 + 0.01 (Figure 5f), respectively. The Simpson's index of soil fungi isolated by PDA was
significantly higher than that of soil fungi isolated by MRBA (Figure 5d,f). The Shannon index of PDA
and CZA was significantly higher than that of MRBA (Figure 5e). The diversity of soil fungi isolated
on PDA was significantly higher than that from MRBA.

A total of 771 soil fungi were isolated by CZA, PDA and MRBA, belonging to 21 orders, 37
families and 61 genera (Figure 2). There were 24 genera of fungi that could be isolated with all three
media, and the genus with the largest number of fungal strains isolated in all three media was
Aspergillus (Table 4). The number of soil fungi isolated with PDA was the highest (331 strains, 45
genera), followed by CZA (290 strains, 45 genera) and MRBA (150 strains, 33 genera) (Table 3). On
the other hand, there were 13 genera, 8 genera and 2 endemic genera of soil fungi isolated with CZA,
MRBA and PDA media, respectively (Figure 4d). Chaetomidium and Irpex were obtained only in
MRBA isolation.

There were 31 genera in the rhizosphere soil fungi isolated on PDA and CZA, accounting for
68.9% of all the fungal genera isolated with CZA. Fourteen genera were isolated with CZA but not
PDA, accounting for 23% of all fungal genera isolated from rhizosphere soil.

3.6. Effects of culture medium on fungal genera with high isolation efficiency

3.6.1. Trichodera and Fusarium

All 1617 Trichoderma strains and 232 Fusarium strains isolated in this study were analysed. In
endophytic Trichoderma strains, strains isolated with MEA were significantly higher than those from
MRBA, and the strain number was in the order MEA>CMA>PDA>MRBA. In rhizosphere soil
Trichoderma strains, there was no significant difference in the number of Trichoderma strains isolated
with the three media, but the number of strains isolated with MRBA was the highest (514 strains),
and CZA was the lowest (374 strains). The number of Trichoderma strains isolated with the three
rhizosphere soil culture media was in the order of MRBA>PDA>CZA. There was no significant
difference between Fusarium fungi isolated with each medium in endophytic and rhizosphere soil. In
the endophytic fungi, Fusarium strains were the most isolated by CMA, with a total of 40 strains, and
PDA was the least, with a total of 26 strains. The number of endophytic Fusarium strains was obtained
in the order of CMA>MRBA>MEA>PDA. In the rhizosphere soil fungi, PDA isolated the largest
number of Fusarium strains (44 strains), and MRBA isolated the least number of Fusarium strains (23
strains). The number of rhizosphere soil Fusarium strains obtained by the isolation medium was
PDA>CZA>MRBA.

3.6.2. Other 26 fungal genera

There were 26 fungal genera with high isolation efficiency except Trichoderma and Fusarium
(Table 4). For 16 fungal genera isolated with 4 endophytic cultural media, most genera were not
significant among the 4 media except Trichoderma. In endophytic fungi, MEA obtained more strains
than MRBA when only Colletotrichum, Plectosphaerella, Pseudogymnoascus and Stagonosporopsis were
isolated. In the endophytic fungi, the total strain number of fungal genera with high isolation
frequency obtained from the four media was in the order CMA>PDA>MEA>MRBA.
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There were 22 fungal genera with high isolation efficiency, except Trichoderma and Fusarium
(Table 4). In the isolation of Talaromyces, the number of strains obtained by PDA was significantly
greater than that of MRBA, while in the isolation of Paramyrothecium, CZA was significantly greater
than MRBA. In the rhizosphere soil fungi, except for Clonostachys, Humicola, Lectera and Malassezia,
more strains were isolated with PDA than from MRBA in all genera. In the rhizosphere soil fungi,
the strain number of fungal genera with high isolation frequency obtained from the three media was
PDA>CZA>MRBA.

The 12 genera Alternaria, Aspergillus, Chaetomium, Cladosporium, Colletotrichum, Fusarium,
Penicillium, Plectosphaerella, Pseudogymnoascus, Stagonosporopsis and Trichoderma were isolated
on both 4 endophytic fungal culture media and 3 rhizosphere soil fungal culture media, which may
play an important role in cucumber plants grown in this study.

4. Discussion

Our study showed 74 genera of fungi isolated from leaves, stems and roots of cucumber plants
and cucumber rhizosphere soils. Among 1275 strains, the percentage of Ascomycota was highest,
followed by Mucoromycota, Basidiomycota and Oomycota. Aspergillus, Stagonosporopsis and
Cladosporium were the top three genera, and they also accounted for the largest proportion of
Ascomycetes. Among the five media tested, PDA yielded the highest number of fungal genera from
both cucumber endophytic and rhizosphere soil samples. All five media were able to isolate unique
genera. It should be noted that CZA and PDA can isolate as many as 10 and 8 unique genera in total.
Significant differences among the 4 media for the isolation of cucumber endophytic fungi and the 3
media for rhizosphere fungi were also tested. The 12 fungal genera were isolated both from 4
endophytic fungi culture media and 3 rhizosphere soil fungi culture media.

The success of endophytic fungi is one of the problems in the study of endophytic fungi.
However, the isolation of endophytic fungi is affected by many factors, among which the type of
culture medium is an important factor [6,10,18]. The nutrient difference of the culture medium is the
reason for the culture medium preference of endophytic fungi [8]. In this study, we isolated
endophytic fungi from cucumber at two different growth stages in the greenhouse and field by the
tissue isolation method and investigated the effect of the medium type on fungal isolation. The results
showed that the isolation of endophytic fungi was not affected by the type of medium, but the type
of medium had a significant effect on the isolation of endophytic fungi from different parts. The best
media for isolating cucumber endophytic fungi from roots and stem leaves were MRBA and PDA.

Medium nutrients affect the isolation of endophytic fungi [7,42,43]. The main carbon source of
MRBA and PDA was glucose, which could be directly absorbed and utilized by fungi, while the main
carbon sources of CMA and MEA were malt extract, soybean peptone and corn leaching powder,
which were more complex. Therefore, more genera of endophytic fungi were isolated with PDA and
MRBA than with CMA and MEA. The Simpson index and Shannon index are indicators used to
describe species diversity within a habitat, with higher values indicating greater equilibrium and
abundance of fungi and lower values indicating greater selectivity [44,45]. MRBA and PDA had
higher Shannon-Wiener and Simpson indices, indicating a better balance and diversity of endophytic
fungi on MRBA and PDA. The Shannon-Wiener index and Simpson index of MEA were the lowest,
indicating that MEA had high selectivity for fungi and was suitable for the isolation and culture of
fungi of specific species. For example, the four genera Boeremia, Didymella, Clonostachys and
Pseudozyma can only be isolated by MEA. More fungal genera and fewer strains were isolated with
MRBA than from MEA and CMA. This may be due to the restriction of fungal growth by the Bengal
red contained in MRBA [8], and certain slow-growing fungal strains by MRBA were observed in this
study. Endophytic fungal genera isolated with PDA were the most abundant. Among the endophytic
fungi, 12 genera of PDA were not isolated, and the genera isolated with the other 3 media accounted
for 11-13% of all endophytic fungi individually. Endophytic fungi have tissue specificity in plants.
Some scholars believe that this phenomenon is due to the different substrate utilization abilities of
endophytic fungi [8,42,46-48]. The experimental results showed that the endophytic fungi in different
parts of the plant showed a certain preference for the medium. MEA was more effective in isolating
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stem fungi than roots, and PDA was more effective in isolating stem fungi than roots and leaves. The
nutrient composition of plant parts is partially similar to that of some medium components; for
example, plant roots and MRBA both contain high concentrations of inorganic salts. The results
showed that endophytic fungi from different parts of cucumber plants have certain preferences for
different media.

Rhizosphere soil fungi live in soil, a natural medium, and artificial media are doomed to fail to
achieve soil-like conditions. Therefore, the selection of an appropriate medium or medium
combination is an important factor to improve the isolation efficiency of soil fungi [49-51]. The type
of medium had a significant effect on the isolation of soil fungi. The isolation of PDA and CZA was
better than that of MRBA. The fungal colonies growing on MRBA were smaller and less numerous
than those on PDA and CZA. The inhibitory effect of Bengal red and the short incubation time (3
days) may be responsible for the poor isolation of MRBA, which is also verified by the low Simpson
index. Among the 3 culture media selected for isolating rhizosphere soil fungi, PDA exhibited the
most effective isolation performance, with the highest number of isolated genera and strains. Except
for the fungal genera Chaetomidium, Monosporascus and Irpex, there were more fungal genera isolated
by PDA than by MRBA. The combination of PDA and CZA was better used for rhizosphere soil fungi
isolation because CZA isolated 14 genera that PDA did not, accounting for 23% of all fungi isolated
in the rhizosphere.

In this study, three fungal genera were found to prefer specific culture media. For the endophytic
Trichoderma, the fungal strain number isolated on MEA was significantly higher than that from MRBA.
For the rhizosphere soil fungi Talaromyces, the fungal strain number isolated with PDA was
significantly higher than that with MRBA. For the rhizosphere soil fungi Paramyrothecium, the fungal
strain number isolated with CZA was significantly higher than that from MRBA.

5. Conclusions

In this study, we investigated the influence of the medium type on the isolation of cucumber
endophytic fungi and rhizosphere soil fungi. We found that the type of medium did not have a
significant effect on the isolation of endophytic fungi, but the number of rhizosphere soil fungal
genera isolated with PDA was significantly higher than that from MRBA. Based on the data obtained
here, we suggest that PDA can be used as a basic medium for the isolation of both cucumber
endophytic and rhizosphere soil fungi, and different media can be considered for the isolation of
endophytic fungi from different parts of the plant and to emphasize specific fungal genera.
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