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Promoting Activity of Trichoderma paraviridescens in the Source Region of
the Yellow River
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Abstract: This study conducted a preliminary investigation on the rhizosphere fungi diversity of Kobresia humi-
lis in the source region of the Yellow River, aiming to screen plant growth-promoting strains and provide basic
materials for the future development of microbial fertilizers. Rhizosphere soil samples of K. humilis were col-
lected from five different altitude sites in the source region of the Yellow River. Fungal strains were isolated and
purified, then identified based on morphological and molecular biological methods. The plant growth-promot-
ing activities of the dominant species Trichoderma paraviridescens were evaluated. A total of 207 fungal strains
belonging to 18 genera were isolated. Among them, Fusarium and Trichoderma were the dominant genera,
with 67 and 55 strains isolated, respectively, corresponding to isolation frequencies of 32% and 27%. Diversity
index analysis revealed that the fungal diversity was the highest in Gonghe County (3208 m; H'=0. 9381) and
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lowest in Maduo County (4512 m; H'=0.3378). The overall fungal diversity in the study area was relatively
low (H'=2.0809). Both the diversity index and evenness index of rhizosphere fungi showed a trend of initial

decrease followed by an increase with rising altitude. Analysis of the plant growth-promoting activities of the 55
T. paraviridescens strains indicated that 53 strains had the ability to produce cellulase, 51 strains possessed abil-
ity to produce protease, 32 strains had the ability to dissolve phosphorous, 6 strains had the ability to produce
siderophores, and 4 strains had the ability to release potassium. These findings provide a theoretical basis and
microbial resources for the exploitation of rhizosphere fungal resources of K. humilis and the development of

microbial fertilizers in the source region of the Yellow River.
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Table 1 Altitude, longitude and latitude of different
sampling sites
Sampling sites Altitude/m

Longitude and latitude

36°33'07.45" N, 100°43'48.29" E
35°45'45.90" N,99°53'41.52" E

JLAIE Gonghe County 3208
243fg 2 Xinghai County 3520

D4 B Xinghai County 4027 33°43'31.18"N,99°20'26.43" E
¥ 2 1. Maduo County 4512 34°19'38.89" N, 97°55'30.23" E
Wyl valll 4932 34°07'55.19" N, 97°39'27.49" E

Bayan Har Mountains
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MgSO0,+7H,0 0. 2 g,NaCl 0. 2 g,CaSO,-2H,0 0. 2 g,
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Fig.1 Species and isolation numbers of rhizosphere soil
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fungi of Kobresia humilis from the Source Region of the

Yellow River
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Table 2 The diversity index of rhizosphere fungi of Kobresia humilis from the Source Region of the Yellow River

K FE b E2ERERE ey Xk Yoy %
Sampling sites Shannon-Wiener index (H”) Margalef’s index (D) Evenness index
JEFIE Gonghe Country 0.9381 2.4136 0.3912
24§ B Xinghai County 0.5426 2.0020 0.2610
M43 B Xinghai County 0.4928 1.9689 0.2370
¥, % H. Maduo Country 0.3378 1.7299 0.1885
M B 47111 Bayan Har Mountains 0.5436 1.2314 0.3034
2R ALl Altitudes 2.0809 3.1879 0.7199
R HEE  wOZRRE vosmE BER HEA
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[o) o R
© i N —— — 0 —
« 20 pm 20 um. 20 um
) . FEfE SRR
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B2 EHRXE
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' 52512@?&;;; :51-_8-9_ (SE
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B B R bR E B B % R RO ST

Dothiorella Cladosporium

Aspergillus
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Fusarium Alternaria Didymella
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Mortierella Corniculantispora

Preussia

=

Fig.2 Colony and micromorphology characteristics of fungi from Kobresia humilis in the Source Region of the Yellow River
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74 o3t 4 2R L 6 0 T8 25 T 410 A (W) 19 B8 Ak 8 B
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SOMRBMRAE NS AR M RELEW, 1 E -
HEFUT A 2 A (B 3D . AR T 509 By SRR
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seun) R[] — 03 32 RGO R L, W S1-9-175
FAR KL (Cladosporium herbarum) | Bk S1-6-5
55 W 21 185 R 0 B (Clonostachys rosea) , VL F B bk
S1-4-8 5 5 4K 7 B (Clonostachys rosea f. catenu-
lata) T N 6] — K433 . Wtk S1-6-105 Corniculan-
tispora psalliotae. W ¥ S4-11-3 5 W 40 ¥ 8 5
(Cladosporium tenuissimum) , A J¢ B Bk S4-4-2 5
MR8 (Cladosporium cladosporioides) 5 M [7] —
oy 3. bk S4-12-8.52-8-8.81-5-1.81-6-13.S5-
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Table 3 The colony and spore morphology of rhizosphere fungi of Kobresia humilis in the source region of the Yellow River
R R [ERESIA BT
Isolates name Colonial morphology Spore morphology
WHEE Tolypocladium™ W R IR A AT 5L s RAMRPEIE 0 A 7 1
LR Purpureocillium™ VK A A MR 2 T
st Z LR Stagonospora T KA A R FEIE 8K BUE MO 6 248 A7 R 2 ZE 248 90
P 5

RN RSE S G U S/SEPR EAN )

INTFE BB Dothiorella™

e 155 R C/ado.s‘porz'um[42: V% R A
& & Aspergillus*? T V& 5 A0
12 BAF B Clonostachys™ B 75 R wE

KE)E Trichoderma™
G5B Penicillium™?
BRALE R Fusarium™

[ERE SIS )
WiERHG
HERE FJE Alternaria™? Wk WO E KA B

W WA f052 08 Didymelld™ W KiB6
Psiloglonium*” RN L SN SRR BN

RBIE Cercospora™™ ESRLERY EAN N
FIREEG AR Trichocladium™ WESUE B
WCBAIE Preussia™™ HiEEAMG
Y m Mortierelld™ RN SRR EEEI

TR S 0, SR RS

Corniculantispora

B R R RE SO TR ARk

HAR @ B 200 2 1 2 45 48 1
87 B 0~3FRIEE, BOE | B SRR IE i (0 46 (2
H A oy AR AT S IF 7 A R BRIB AR AL T
R R 2 9098 7 A T
HAMRE BRek (0 A4 T
HAT ARG W 10 o AL f AN RO R @ o A AT
R o i AL | 2 R G Y T (8 03 A R T AN IR | BN B 53

CEUSE
Hpkis s 6, 2R 2RI A0 T, AT HE2 A4
I
TR IR S AT
/
/
/
/
/
/

T/ RN AR ML
Note: / indicates not observed
7-5.82-8-4.83-6-1 7 Il 5 JK ¥ T & (Penicillium
griseofulvum) | 75 WM& B % (Trichocladium jilon-
gense) | 77 T W M B (Fusarium redolens) | J& Bz % 41
W (Fusarium solani) \Preussia dubia 2t 8 (Asper-
gillus niger) A H B (Penicillium aculeatum) F1¥
[l — K43 b o Wbk S4-11-2 5 & B IR B 1
(Cladosporium pseudocladosporioides) , kM S1-7-9
5 Z R Bk 0 W& (Fusarium tricinctum) B 1E [7) — K 43
X ELRGRFMIT . Wk S1-13-9 5 A f ik 4 14
(Fusarium oxysporum) , LA} S1-12-6 55 5 Ti #4614
(Fusarium acuminatum) R7E [/ — 45332 I o W&k S5-
8-1,85-6-3,S1-11-9.S3-7-2 43 | 5 3T #f 4% K %
(Trichoderma paraviridescens) . 38 5 18 75 (Alter-
naria alternata) .\ H A M A (Alternaria japonica) |
ZBY AL B (Fusarium flocciferum) AL — K5 %
o B BE S2-11-3.S4-11-7.S1-7-6., S1-4-6, S4-
12-1. S1-5-4 4y 5l 5 Tolypocladium cylindrospo-
rum B A1 AR M CCladosporium uredinicola) (T A
/N 958 W (Dothiorella gregaria) . & 77 #f 1 1
(Fusarium avenaceum) . Cadophora malorum iR %

U7 B (Purpureocillium lilacinum) R AE 7] — K7 3L

o Bkk S1-6-4 5 ) & ZE A4 W (Didymella glom-
erata) , Lh BB Bk S1-5-3 5 Wk F 25 1 B (Didymella
pomorum) RAEFR —43 32 b, R R AT

Sy itk — 2 W O 8 B B R BB Y 4 2
7, XF 55 ¥k I ¥k 547 TEF-1a 1 RPB2 3£ 51 9
4 E NCBI M 3 b 2828 )7 5 L X & B, 55 Bk T Bk
) TEF-1a F1 RPB2 3 X ¥ 51 5 3 i 4% AR 25 1 )7 57
AL =999 . 36 B 10 B AX 2 B Ak 0E 17 22 56 PR B
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| S1-4-3 Mortierella alpina (PV926932)
| Mortierella alpina (MT453274.1)
| S1-9-17 Cladosporium herbarum (PV926998)
! Cladosporium herbarum (MH931823.1)
S1-6-5 Clonostachys rosea (PV926963)
Clonostachys rosea (MF782757.1)
S1-4-8 Clonostachys roseaf. catenulata (PV926960)
Clonostachys roseaf. catemulata (AF358234.1)
| S1-6-12 Penicilliumn chrysogemm (PV926990)
V Penicillium chrysogemm (F1430774.1)
| S4-11-4 Neonectria candida (PV927014)
" Neonecrria candida (KU588183.1)
| S1-6-10 Corniculantispora psalliotae (PV926982)
' Corniculantispora psalliotae (PV541759.1)
S4-11-3 Cladosporium temissimm (PV927003)
l Cladosporium temuissimm (MZ318441.1)
S4-4-2 Cladosporium cladosporioides (PV927000)
Cladosporium cladosporioiags (KX664415.1)
| S5-12-10 Trichocladium griseum (PV927010)
I Trichocladium griseum (OR405834.1)
1 S2-8-8 Trichocladium jilongense (PV927008
! Trichocladium ilongense (PP639683.1)
| S1-5-1 Fusarium redolens (PV926881)
" Fusarium redolens (GQI121307.1)
| S1-6-13 Fusariumn solani (PV926910)
' Fusarium solani (MH582400.1)
1 S5-7-5 Preussia dubia (PV927015)
' Preussia dubia (GQ203777.1)
| S2-8-4 Aspergillus niﬁer (PV927007)
U Aspergillus niger (MF067456.1)
| S4-12-8 Penicillium griseofulvim (PV926989)
v Penicillium griseofuutvum (HQ012499.1)
| S3-6-1 Penicillium aculeatum (PV926991)
Penicillium aculeatum (EU818695.1)
1S4-11-2 Cladosporium pseudocladosporioides (PV927002)
| ' Cladosporium pseudocladosporioides (PP600317.2)
S1-7-9 Fusarium tricinctum (PV9p26886)
Fusarium tricinctum (OL832262.1)
| S1-13-9 Fusarium oxysporum (PV926929)
‘ [ l Fusarium oxysporum (KY484810.1)
| | | S1-12-6 Fusarium acumminatum (PV926916)
' Fusarium acuminatum (OL840842.1)
‘ | S5-8-1 Trichoderma paraviridescens (PV927021)
' Trichoderma paraviridescens (MF782827.1)
| S1-4-10 Stagonospora bicolor (PV926972)
' Stagonospora bicolor (PQ475987.1)
| S1-10-2 Stagonosporopsis lupini (PV926974)
! Stagonosporopsis lupini (GU237844.1)
| S5-6-3 Alternaria alternata (PV926959)
L Alternaria alternata (OP010268.1)
| S1-4-4 Alternaria consortialis (PV926949)
V' Alternaria consortialis (HM036619.1)
| S1-11-9 Alternaria japonica (PV926958)
Alternariajaponica (PV626843.1)
| S1-11-2 Alternaria tellustris (PV926952)
! Alternaria tellustris (PV366661.1)
| S3-7-2 Fusarium flocciferum (PV926930)
' Fusarium flocciferum (MZ890564.1)
1 S2-11-3 Tolypocladiu cvlindhosporumm (PV927012)
! Tolypocladiumn cylindrosporum (MG813239.1)
| S2-8-10 Cercospora beticola (PV927011)
' Cercospora beticola PP784291.1
| S4-11-7 Cladosporium uredinicola (PV927005)
' Cladosporium uredinicola (AY251071.2)
| S1-7-6 Dothiorella gregaria (PV926993)
! Dothiorella gregaria (EU622248.1)
|_| S1-6-4 Didymella glomerata (PV926978)
Didymella glomerata (ON025050.1)
S1-5-3 Didvmella pomorum (PV926976)
Didymella pomorum (MZ379420.1)
| S1-4-6 Fusarium avenaceum (PV926865)
| Fusarium avenaceum (PV643902.1)
| S4-12-1 Cadophora malorum (PV927006)
I Cadophora malorum (MF782737.1)
1 S1-5-4 Purpureocillium lilacimmm (PV926981)
| Purpueocillium lilacimm (MT453285.1)
Botrytis cinerea (MW 820601.1)

50 changes
3 EARREESERMRERKRNREKRE T IDNA-ITSFIMBNRZRER
Fig. 3 Phylogenetic tree of representative rhizosphere fungal isolates of Kobresia humilis from the Source Region of the Yellow
River based on rDNA-ITS sequences
TE 365 TP 5 GenBank % 5 5 5 LA R 38R 2 4 4L

Note: The numbers in parentheses are GenBank accession numbers; the scale indicates the number of substitutions
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Trichoderma viride 101526

Trichoderma paraviridescens 274.79
97
S5-11-5

100 S2-4-4

S2-8-5

S3-8-1

100(S5-10-3

S5-12-5

S5-13-2

S5-4-3

S5-8-1

S5-9-4

Trichoderma harzianum CBS 226.95

Alternaria alternata CBS 130262

—100 changes
4 EHFABRREKRE T rDNA-ITS.TEF-1a
RPB2EEFINMENRELERH
Fig.4 Phylogenetic tree of representative Trichoderma

paraviridescens isolates
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Note: The scale indicates the number of substitutions
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5.85-9-2.S5-9-27 1 S5-9-10 765 K5 i 75 3 | fE
7 i W R (B S, B LA P= kR i BE T .

4 BR# bk S5-10-3,S5-10-8.,S5-10-5 F1 S5-9-10
WHMEREA R FEENMRAENEEO ., FHKk
S5-10-3 Fll S5-10-8 HA7 = £F 4k 2 iy . 2 11 B i Wl
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tina anserina) H3 br + 3¢ rfr 2 73 B AR AR W] K5 55 LI 56
HOHP RS IEA EEE SR MR, ik
JK B A N T G i FE RO ¥ (Ephedra saxati-

5 EHGABREFENESENERE
Fig. 5 The transparent zones produced by Trichoderma paraviridescens strains which were used for
TE A PP EFAER BRI AE 5 B, 7 8 G D058 5 C, P Bk A A RE J0 I 7E s D, B BRRE J1 I 52 S E , M 44 5 1 Il

Note: A, Determination of cellulase activity; B, Determination of protease activity; C, Determination of iron carrier capacity; D, Determination

of phosphorus solubilization capacity ; E, Potassium removal capacity determination
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Table 4 Evaluation of plant growth-promoting effect of Trichoderma paraviridescens from rhizosphere soil of Kobresia humilis

bR A PR 77T Uk 3K 7R T fire TR A

Isolates name Produce cellulase Produce protease Solubilize phosphate Release potassium Produce siderophores

S5-9-24 + — -
S5-10-4 + - -
S5-9-19 — — -
S5-9-20
S2-4-4
S5-11-3
S5-9-22
S5-9-21
S5-11-4
S5-10—3
S5-10-8
S5-9-18
S5-12-1
S5-4-3
S5-10-9
S5-10-18
S5-10-10
S2-8-5
S5-13-2
S2-8-6
S5-12-3
S5-10-11
S5-10-5
S5-10-2
S5-9-16
S5-9-9
S5-9-5
S5-9-2
S5-9-17
S5-8-8
S2-4-8
S5-9-4
S5-9-13
S5-9-3
S5-9-6
S5-9-12
S5-9-7
S5-9-1
S5-9-11
S5-8-1
S5-9-27
S5-12-11
S5-9-26
S5-12-8
S5-9-10
S5-11-5
S5-12-5
S5-13-9
S3-8-1
S5-8-2
S5-12-6
S5-12-7
S5-9-25

+ 4+ +

+ 4+
|
|

|+ o+t
|
|

+
|
|

e i e e e S
e S S S A

! \ \

+ \

|
e e
| |
| |

[
+
I+

+ -

e e e i i s e A i e e e e e e e e
++ +
!
!

e e o S e e o S

++ 4+ +

TE = R bR B A AR LAY I A, — AR B A L

Note:"+" indicates that the strain has the corresponding activity, and "—" indicates no corresponding activity
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