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Fungal diversity of soil in Longyangxia valley and screening of
biocontrol isolates

YANG Runyan, MA Youhai, XIN Chengwei, ZHANG Zhiwei, QI Hexing*

College of Agriculture and Animal Husbandry, Qinghai University, Xining 810016, Qinghai, China

Abstract: [Background] Longyangxia valley is one of the most important lake wetlands in the
source region of the Yellow River, demonstrating great potential in water regulation.
[Objective] To explore the soil fungal diversity and screen biocontrol isolates from
Longyangxia valley, enrich the fungal resources of lake wetlands in alpine regions, and provide
basic materials for subsequent development of biocontrol agents. [Methods] Ten soil samples
were collected from the shoreside of Longyangxia reservoir in Longyangxia valley, and fungi
were isolated by the dilution coating method. The isolates were identified by morphological
observation and methods of molecular biology, and the biocontrol isolates were screened by the
plate confrontation method. [Results] One hundred and four fungal strains belonging to
23 genera were isolated, including Preussia, Trichoderma, Alternaria, Cladosporium, Bipolaris,
Pseudogymnoascus, and Penicillium. The isolates belonging to Preussia and Trichoderma were
the most, with the number of 21 and 19 and the isolation frequency of 20.19% and 18.27%,
respectively. The isolates of Botryotrichum, Westerdykella, Leptosphaeria, Arthrinium,
Scolecobasidium, Sporothrix, Tetracladium, and Aphanoascus were the fewest, and all these
genera had only one isolate, with the isolation frequency of 0.96%. Nineteen isolates of
Trichoderma were screened out from the 104 fungal isolates, and these isolates had great
biocontrol effects on eight fungal pathogens isolated from the main crops of Qinghai Province,
with the inhibition rates between 51.6%—73.5%. Ten Preussia isolates, 4 Pseudogymnoascus
isolates, 3 Cladosporium isolates, 2 Bipolaris isolates, and 1 isolate each of Arthrinium,
Leptosphaeria, Westerdykella, Penicillium, and Emericellopsis also exerted strong inhibitory
effects on the eight pathogens, with the largest inhibition zone >10 mm. [Conclusion] The soil
of Longyangxia valley harbors abundant fungal resources and demonstrates high potential of
exploitation and utilization.

Keywords: Longyangxia valley; wetland; fungal diversity; biocontrol isolate
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PIAMIFFE AT DT AR T s B A0V T8 A T
Ji, IR DXOPR 2 T 4 338 h 2y 2549 2 (1 BR B 5T
1# (Chaetomium  globosum) %} 2k 71 £ 1 (Fusarium
oxysporum) JAg 4 F I I VEF - Zhou 25O iE
RT3 FRbR - SRR AR v i e 1 9 AR LT 122 #k
KREH, IWHiEEE 1 BRxT A gif A w40
il YE I B9 T. pseudoharzianum B #% , - HL1% B #R
XT 1A% AR 1A B i e AR KA .

WA L, LN EIER KRS,
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AR (R P/ AN AR, M i
AR E SRG AL B P EE I LA, 7R b
A Yy ER AL 2E L R v R R VR, 1R M
AT B AATRFEE A O TRk e
O F BT A R BRI SR B s A e
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AEPEATIERE R R RILES R AR AL TR, HAE
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T AWK B R I I A R s, UEA B
e 25 P 57— g 11, 2 YT 5 X WA YA
Mz —. Bk, BRI WK I 4 B 2 A
PEXTF = B R e IR R Y 2 e A
MR ETHBEWESEPMEMEX,
FE X Ff i T TR0 T 75 1 ) 28 i X R %
B OFEREEACHE . R A B R AR b 2
K2y — SR AF 0 i, RERE LR AR B IR X
REAH A RAFLEBE . [ N AR A 97 R o 5
A HIR, BRI AR, TR
77, TR S A R A P R ) R A
His% . Qs %% K %% (Trichoderma harzianum) . 5%
M Ji& % (Pythium oligandrum) 1 ¥ 45 $ % %5
(Paecilomyces lilacinus)% £ £ F /5 b Ak 5 771
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I 2 02 7K A - 1 T A R 28 R L

fE M AR AR DRI, AR SCRU e Wk 381
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1 MR5r%

1.1 H&

2022 4 7 A Mg F KRR 23 1 m 4B R
B IR 10 o RAE 1-10 om W EE R - 587K
A 500 mL JCTA BURHRE , A 22 80K AR S [E]
I HATE R . [ GPS U sk
RSN 2 26 B . R e K e g T e K Bl 1
S, RN, REMZER 50 m T H
AR AR IR TV A o FE XA EE 4.5 °C,
K 2 580-2 771 m, Z4H1E 100°41-100°54'E
36°07'-36°12'N, itk 13.14 J5 km®, 4571
FE/K i 240-440 mm, #E4 48 1327-1 379 mm,
i BT g g D R T R R R A,
1.2 EHFHE

FLIRHE SR L (g/L): BEME 20.0, K,HPO, 1.0,
MgS0, 0.5, FeSO40.01, NaNO; 3.0, KC10.5,
Bl 18.01°1, Th 44 2 A B B i (potato dextrose
agar, PDA) F3E(g/L): 425 200.0, H#HZAGHE
20.0, BEAE 18.0. ZFHITHIFRH(g/L): ZHR
# 50.0, MM 5.0, 3R 18.01°, WK 4k
I BT RE RS AR AL s R AR WK R I K
PDA 553 ZE IR K . WIRKE R (g/L):
B 40.0, TfE 18.0, FHEF 10.017, BTIE
B 37 L (g/L): KH,PO, 1.0, 7%k 10.0,
MgSO,-7H,0 0.5, K 5.0, 1/3 000 d 7L
100.0 mL, B 18.0M7, + 3R I R 55 3 (g/L) -
i R RO . PDA RSPk . B
500 g HIEMARERFEH 1 000 mL 2 H A9 7K
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R, Db 7 R IR 121 CKIE
20 min J5RAE7E H -
1.3 EERXFIFNEE

PCR Z|#. 2xPCR Mix. DL2000 DNA
Marker Fll DNA %82 IBGRF &, bt Rhsn
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graminearum), J&JRE T 2020-2022 4 i
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TRV RBESR G 2 Bk . FEROR N I 76 2

Q0.96% R 0.96% S 0.96% T 0.96% U 0.96%
:
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HR, RN ES AN 22 AT bR A 2 /N A2
VESRBEMEXT R, DARERD IO RKAE A X IR
PRI S 420 3 Atk , #EAiAmEE 3 k.
1.8 HIEAIET R

K H Microsoft Excel L{EFRIEITEIES
11, FIA IBM Statistics SPSS 20.0 #4175
K2 7 243 H1 (one-way ANOVA), F Duncan [X
B ZE AT 25 S W E ARG T

2 ZREM

21 RFEKETEEEZHMN
MUK PE 10 £ 1 SR A Hh 43 2 15 5]
104 PR . SIEASM o FAEY =% K
104 ¥ETE 2051 T 23 A E (1), Hd e Ese)s
(Preussia) f1 A & (Trichoder ma) 7 k5% H

1 BFPEKETREERMERESEER A LRTE. B: AEJE. C: #ME#)E. D: BE)E. E:
VbR f)E. F: R RE. G: Ha&)E. H: AR I BRwE. J:. PicflE. K. #aEs)E. L.
BT IR . M: R fST)E. N: MERE)E. O: &S, P: HU&HE. Q: FHWkist)E. R: NEREHE.
S: WEME.T: WHIEE. U: MT2LEE. V. WEHE W: RERER

Figure 1

Species and separation rate of the fungi isolated from soil in Longyangxia valley. A: Preussia. B:

Trichoderma. C: Alternaria. D: Cladosporium. E: Bipolaris. F: Pseudogymnoascus. G: Penicillium. H: Emericellopsis.
I: Talaromyces. J: Pyrenochaetopsis. K: Sachybotrys. L: Fusarium M: Didymella. N: Epicoccum. O: Aspergillus. P:
Botryotrichum. Q: Westerdykella. R: Leptosphaeria. S: Arthrinium. T: Scolecobasidium U: Sporothrix. V:
Tetracladium. W: Aphanoascus.
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chlorohalonata phaeospermum  setigerum

Arthrinium Tetracladium  Botryotrichum
murorum

LMBT = LM

Figure 2 Colony and micromorphology of fungi isolated from soil in Longyangxia valley.
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g . Whaf5e)E . MBkE 8 (Epicoccum), 5
Wrkest)®| . ANEKIETE . B E A 2 R
J& AR ML B o A A
22 BFBKELTRERRZLE S
MR A e = W K e 1 3 L TR B A8 A RR AR N
tDNA-ITS FFHIo ek, SIS
URR , HEH 30 BRACER IR, LETE NCBI A
rDNA-ITS 74 29 PRFEVE DS R, 8
REKREW, Hx LI K AL (E 3).
30 MRACREMA 29 RS IRER LI T 79%H)
SCHRPRYIY A 234/ N3 3 TRk LM1-2 FTLP4-11
4155 Emericellopsis sp.#1 E. glabra 4 [&]—43
X, KGR R . BK LS5-5 Fil LS4-5 73 5
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ISI7HEAL(F. redolens)B —37 . BEfk LP8-16.
LS9-2 . LT6-21,LT7-6,1LM2-1,LM4-1,LS2-10,
LMS8-7. LM2-6-1, LM2-7. LM10-4 # LSI-16
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Scolecobasidium sp.. S. stenoceras. K=& PUAL 1
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4F, A 17 BRI R E R T 70%; X F KA
HJE VIR A . FORASHERS AL . R A HiRFE /)N
77 2 M - R A0 R RO 5 2%, 4 AR
3R I I R T 70% . 1A% LT2-15 F1 LS 10-21
AV E SO 3, DR HITE 61.3%-72.3%
1 65.3%—73.5%Z 8], PEbk LT10-25 X% 8 Fivf 5t
B FRIIRI R AE 54.2%—69.1%:2Z 6], I AR AT 2%

PrAEJE B AN, 0 9 8 24 BRI E
XoF 8 ol it L P 3 e AR A R FE R AR (3% 2
ME 5). 24 BREH 10 tRIE TOLRKIRE, 4 B
RARBET &, 3 MR, 2 MRoh T i1
J&, Hoax s v ale T EflE . RIS E |
Fitestl| . HEEMHMTIE BRSO
e R B AR LM1-5 FI# 76 7C )& R bk LP4-11-1
A A AV ) e o A, X 8 Rl D L T A D A
Hr>10 mm. FEPL AR XT K 22 4R I i 7 1)
Ve I, A 23 BRI IR B 1
BoimPE, IF HE AR LS1-10 %205 J5 1 il 3 iy
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100, LM1-2 (OR782705)
' Emericellopsis sp. OUCMBIII091009 (HQ914807)
100,LP4-11 (OR782708)
|Emericellopsis glabra CBS:125295 (MH863505)

100,LS5-5 (OR782710)
|Alternaria compacta 35third (ON790467)

85,LS4-5 (OR782716)
100 Alternaria chlamydospora GRSH30t (OR287513)
89,LT8-17 (OR782720)
seudogymnoascus pannorum
Pseud SC15C02 (MW113306)

]7 LS6-3 (OR782734)
‘i LT7-3 (OR782737)
Preussia flanaganii CBS 112.73 (MH860647)
90 ,LM2-4 (OR782754)
100 Pyrenochaetopsis decipiens F 250 (OM670141)
100 100,LT9-7 (OR782798)
Epicoccum nigrum 19-4a (KX074010)
92,LT1-18 (OR782783)
I Cladosporium cladosporioides TIU_JAN1 (OM237114)
100,LS1-11 (OR782744)
I Talaromyces purpureogenus QTY 72 (ON248285)
100,LS2-13 (OR782747)
WTalaromyces veerkampii RK23Tv (MW353267)
100,LP3-12 (OR782752)
|Penicillium egyptiacum CBS:457.72 (MH860529)
22 LT2-15 (OR782767)
4{ LS10-14 (OR782773)
100 Trichoderma sp. L33 (MG198904)
79,LS10-21 (OR782775)
] Trichoderma harzianum CTCCSJ-G-HB40454 (KY764913)
100,LT10-13 (OR782777)
| Fusarium solani CQ01 (MW345979)
100,LM2-9 (OR782776)
 Fusarium redolens Sz1 _1H (KJ584549)
100,LP8-16 (OR782786)
IStachybotrys chlorohalonata SVUSc4 (MK810206)
100;LS9-2 (OR782791)
| Bipolaris victoriae WZ-140 (MN856286)
100,LT6-21 (OR782796)
' Didymella glomerata TYU_MAY2 (OM237267)
100,LT7-6 (OR782799)
| Aspergillus flavus Beca_79 (KY234275)
100,LM2-1 (OR782801)
' Botryotrichum murorum H (KX058048)
100,LM4-1 (OR782802)
Westerdykella nigra ATCC 12756 (AY943049)
100,L.S2-10 (OR782803)
| Leptosphaeria sclerotioides TIU_JAN30 (OM237143)
100,LM8-7 (OR782804)
'Arthrinium phaeospermum OUCMBIII091005 (HQ914944)
100,LM2-6-1 (OR782805)
IScolecobasidium sp. E 000535873 (JN578640)
100, LM2-7 (OR782806)
ISporothrix stenoceras KFL17TN17KAS (MH740960)
100,LM10-4 (OR782807)
'Tetracladium setigerum LppMUD (HQ647302)
100,LS1-16 (OR782808)
'Aphanoascus verrucosus 4 (MW616886)
Phytophthora infestans SKM (ON087543)

100

—— 50 changes

3 RFBKEHREERREKRET rDNA-ITS FHMENRGLER {5 NF5H GenBank
BT R BUER SCRR s I RSN

Figure 3 Phylogenetic tree constructed based on tDNA-ITS sequence of representative fungal strains in soil
of Longyangxia valley. The serial number in parentheses is the GenBank accession number; The value at the
node is the support rate; Scale represents the number of replacements.
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R1 RFPKELIBRAEREEXN 8 MHEERERINGIE
Table 1 The inhibitory rate of Trichoderma isolated from soil of Longyangxia valley against eight

pathogenic fungi
ARG EW R Pathogens

Trichoderma KpEZeffy  FOREMIE FRHE  FREF RABEM  RE5HM INEHERS AL /N LR
sp. %ol - i i 4 -2iul ifi%#.  Drechsera  Fusarium Alternaria  Jiff i
Exserohilu Bipolaris Alternaria  Bipolaris graminea graminearum  sp. Bipolaris
mturcicum sorokiniana  alternata zeicola sorokiniana
MR AR 68.5cde 60.0c 62.2¢f 71.3a 72.5ab 51.8¢g 62.4c 66.3b
Trichoderma
harzianum
LS10-17 59.1g 52.0fg 57.2hi 58.7¢ 73.5a 57.6f 57.3e 57.4e
LS10-20 65.4¢ef 72.13a 67.1bc 72.9a 72.3ab 52.9¢ 60.2d 52.9f
LT10-26 53.2hi 51.7¢g 71.8a 63.2b 72.1ab 71.4b 71.3a 62.7¢
LT10-37 72.0ab 55.6d 65.1de 65.2b 71.5ab 66.4cde 71.2a 67.2b
LS10-15 54.6i 53.2¢fg 68.2¢ 70.8a 70.6b 64.4¢ 65.5¢ 59.4de
LS10-19 56.2gh 54.3de 53.2j 61.3¢c 73.2ab 72.7a 72.5a 65.0b
LM10-8 72.4a 53.4d 58.3ghi 58.4c 72.5ab 72.6a 72.1a 59.2de
LM10-9 56.7gh 52.6def 57.2hi 57.3d 70.5ab 57.6f 55.3f 60.1cd
LM10-11 57.1gh 53.7def 65.2cde 64.5b 70.3ab 67.3cd 68.2b 72.3a
LT10-29 65.1f 51.9fg 58.8gh 57.7cd  72.4ab 58.6f 57.9¢ 57.8de
LT2-15 71.5bed 61.3b 72.3a 72.1a 62.4d 64.3¢ 66.1bc 66.3b
LM10-10 60.4g 51.6fg 56.9fg 59.2¢ 73.2ab 65.5de 72.6a 65.2b
LT10-28 67.1def 54.8de 67.2bcd 70.9a 72.3ab 67.3cde 66.1bc 66.3b
LT10-25 57.4gh 55.3d 54.2j 69.1a 67.2¢ 66.7cd 58.4¢ 67.8b
LP10-23 59.7¢g 52.3fg 60.5fg 69.2a 73.5a 68.3¢c 67.4b 66.5b
LS10-16 71.1abc 59.6bc 66.8b 65.6b 73.2ab 58.2f 67.8b 68.2b
LS10-14 70.1bcde  60.3bc 57.2ij 69.8a 73.1ab 55.9f 70.3a 58.1de
LS10-12 66.5def 57.4c 65.3cde 67.8a 73.4a 65.7cd 71.5a 58.2de
LS10-21 66.0ef 72.3a 65.3cde 71.4a 73.5a 65.6cd 68.2b 70.4b

AN FEAAFRAF 2 B 2 7] 22 7 0 2 (P<0.05)

Different lowercase letters indicated significant differences between treatments (P<0.05).
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Wi, K 10 J8 43 BRAEBTTEMRIEER BNE L Bk
MEBRE 6)o KIVHiEAEFE Ik LM7-1 1
LY4-17 X /A . FOKFEREON, M5 d)E
MR AR BB, JFB IS SR /)
BRIV B R Bk LS2-10 XF/NE & BREUR, £
BRI FRE AR, EIZ B R T BRSO -

HoAr 8 Jm 40 BRI /N FOR AT BRI A BUR
A LI DA S 8 A 97 1 770 O A 0 TR PR

3 W54 ®
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li 2 & B - ? e Sace g

Exturciciin iniana A..alternata B. zeicola

CE (7. harzigoun) CKAL. harzianum) CK (T, harzigmunt) CK (L. harzianum)
AN 6L N et / §Ei hFEZ Pl

D. graminea F. granvinearum B Sorokiniaiig

CK (L, harzignum) CRA(L hur':im:-nm.} CINL. harzignunt) CK (L. harziawtim)

5 y Tk
E. nurcicum B zeicola®

D 1272
& LP10-23

711

L b ‘:1_7
D. gramineaq graminiearuin s

SediEi F i 1

A. alternala . zeicold

D. graminea WY F.graminearim Alternaria sps

El4 BEBKETBEAEEEEN S MHERERNIMEMER A BMRERAHMBMEYE B KEREHE
¥k LP10-23 X395 5 B AR . € Bikk LT2-15 X395 5L B Ad 4 il 4 F

Figure 4 Inhibiting effect of Trichoderma sp. isolated from soil of Longyangxia valley against eight
pathogenic fungi. A: Positive control of T. harzianum. B: The inhibitory effect of Trichoderma strain
LP10-23 on pathogenic bacteria. C: The inhibitory effect of strain LT2-15 on pathogenic bacteria.
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BT

D. graminea

F. g?'(’i’iﬂfi?t’("l."ff”n’

TR ACHEAT T

A. alternata

B 5 RFBRKEDREREEMNNERR A il B 050 RERERE Htk LT8-17 A5 &R Stk LT7-5

X I R R ST
Figure 5

Inhibitory effect of soil fungi from Longyangxia valley. A and B were inhibitory effect of

Pseudogymnoascus isolate LT8-17 and Penicilliumisolate LT7-5 on pathogens, respectively.
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Figure 6 Safety determination of biocontrol isolates on three crops.
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