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Trichoderma afroharzianum LMNS-M9: identification,
biological characteristics, and growth-promoting effect on
quinoa

TIAN Miao, PENG Yufei, LU Hong, QIN Nan, REN Lu, YIN Hui’, ZHAO Xiaojun"

College of Plant Protection, Shanxi Agricultural University, Taiyuan 030031, Shanxi, China

Abstract: [Background] Quinoa is an example of functional food that is popular all over the
world, while little has been reported about the endophyte Trichoderma afroharzianum of quinoa
seeds. [Objective] To determine the antimicrobial activity and growth-promoting effect of
endophytic fungi isolated from quinoa seeds. [Methods] The isolated endophytic fungi were
identified based on morphology and the ITS, tefl, and rpb2 gene sequences characteristics. The
antimicrobial effects of endophytic fungi were determined by plate confrontation method and
plate culture method. The growth-promoting effect of the strain on quinoa was determined by
pot experiment. [Results] The strain LMNS-M9 was identified as T. afroharzianum. The
mycelial growth and sporulation of strain LMNS-M9 were promoted at 30 °C, pH 5.0, and the
presence of magnesium ion. Glucose, lactose, peptone, and potassium dihydrogen phosphate
were suitable for mycelial growth of strain LMNS-M9, and glucose, ammonium nitrate, and
dipotassium hydrogen phosphate were suitable for sporulation. LMNS-M9 showed inhibitory
activity against Botrytis cinerea, Ascochyta caulina, Fusarium citri, Alternaria alternata, and
Trichothecium roseum, with the inhibition rates of 12.53%, 51.96%, 52.38%, 59.25%, and
62.04%, respectively. The volatiles showed the inhibition rates of 35.86%, 61.54%, 33.33%,
41.95%, and 59.09%, respectively. LMNS-M9 could contact or entangle the mycelia of
pathogens (B. cinerea, A. caulina, F. citri, and A. alternata) to rupture or lyse the mycelia. The
pot experiment showed that LMNS-M9 advanced the germination of quinoa seeds by 2 days.
Furthermore, LMNS-M9 increased the root length, underground fresh weight, and underground
dry weight of quinoa seedlings by 71.88%, 104.66%, and 68.89%, respectively. [Conclusion]
The endophytic fungus isolated from quinoa seeds was identified as T. afroharzianum. It
inhibited the growth of five pathogens and promoted the root growth of quinoa, demonstrating
good biocontrol potential.

Keywords: quinoa; endophytic fungi; pathogens; ITS, tefl, and rpb2 gene sequences; inhibition
rate; mycoparasitism; solid-state fermentation
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K85 (Trichoder may) & — 2 B 52 Fl L AR
PZIERT L, RIS TR )RR ALY,
524 280 M FPUCTI L KB T Z B R 8 A
FLIR, FEAFE TR, RH . Y0m . B
SR A S U BRI, RE [ K
ARE(T. harzianum). BifEARZ(T. asperellum).,
LREOREL(T. viride)SF 1 HA ZR A B,
Tl A . AR SE
ot . Befd RS K o AT R AL
HA AR E AR B P Ay R B
F R B Z R ab N T AR . BN, WAL A
SRR R, DA R R . A
EFARE . ANSAE . B/ASIATN . AR
Ji& 95 25 3 B Bl iR (http://www.chinapesticide.org.
cn/hysj/index.jhtml), Wy R AR L GR35 —
HUk&2Z4, HF 2015 4, Chaverri 25
WHAEIT R 14 SRR, JHRE 7 a5k
DI AR EE (T, afroharzianum)fZE N ) 9 IS8Tl
LG DA BRI A A4, EREAFD
P HARP Holepgap ™ gt i )
M EPEEZE AR M AR
7 2N MR AR R (B- 1,3 SR Ml . £F AR R TS
TR0 )t T [ K 4 %) 6. TRT (Bottrytis cinerea) . 241
i JH T (Colletotrichum gloeosporioides) . 2R ffl
St 7] T (Fusarium oxysporum) i 4 it Be , i HA
IEA R SR YT Ak, SR SOK B T S
HaAGE Z A N 2 1 & AL (polyphenol oxidase) .
i A Ak W) B (peroxidase) . # %A 1k ¥ B Ak [
(superoxide dismutase) 55 [ A F 37 g 1) 3 14 >
P A EPUREDY, IR . e
TE AP,

O 8 AR 55 T8 LR AT AR S N AR AR T
AIATRE . AR BRSO, EOK . W RAEMEY,

i T. asperdlum, ZEARE(T. virens), T. harzianum
BB AMN A RER ., FFER KRR
WA T. asperellum o] # il & %5 2= Ul B JE 5%
(Magnaporthiopsis maydis) & 224 £, 1
mAdRE LT ED, EERMTNEERFESE
2, FECONEER AR (Alternaria) . i) R
(Fusarium), 2% 5% )& (Phoma) 5§ ;  Hi o 51 58 %
& HU(A. destruens). 4 (Aspergillus niger).

% F Hi 41 (Cladosporium herbarum) %54 1) i fit
A s s 4 SR T E WA S TR, B R
Pl A 5 A AR A S AR X D, A e
B 5 M FE A o1~ v i et 5 S0 G MR N AR
B, WidJEA%%, 1TSS, tefl # rpb2 3 [H ¥ 4]
S AW 2R A ) R AT Y8, JR A M HAM A
AL AR A, DU O AR AE 1 i R K &
LMNS-M9 B {628 A2 F S A 4 o

AR

1.1 ##
1.1.1 &

A A, 7RI VE g Fr AR BB (A
Flr: BRAL 100)FI X BEHL R AR BEFAE & 10 1,
HART . & A ARl g gt 32 42 S Fh ol
A 100,
1.1.2 i E

itk 5 B R 4 B O AC BE A A T
(A. alternata) LGB-h"" | JK#%j 1 (B. cinerea)
LMHM2P! A& 5 T H#(F. citri) LMSF-1d01, 43
1 B350 T8 (Trichothecium roseum) LMSF-fh05
2242 5% 1 (Ascochyta caulina) LMHS-3!), 3
RA LI B oy B AR AR
1.1.3 EHFRE

5 A ME IR (PDAYRE R 3 (g/L): &
PREH AR 46.0; A UKE FEBUE(SNA)
R g2 H 2 B8 NirenbergU Ay e Bl ; kK

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



FH AR EE: JEMPE R AR EE LMNS-M9 %58 ARV 2R vE K H 2 e 4B 1R 3851

A BB R (CMD)R; 25 1] Qin P2 ik
Bl s A IR IS B2 HR D vk B il
1.1.4 FERFFNLE

Tag PCR Master Mix, DNA Ladder Mix
Marker . PCR 5% . Bzup # X H & & K 4
DNA fh#idF &, AT A TR RO
FRNH], PCRY 41X, Applied Biosystems 23 F ;
RN LA, TEARMAGRARAR;
oy T BB MR R SE, Olympus 237 ; pH
1, BIgR - 2 E R A R A A
1.2 FiE
121 EHSBES5ESR

BAERF AR 75% 2 BH2 1 min,
1%K RN 5 min, 75% B3R 1 min,
TCRKEEDE 3 IR, BURG — R IRAE N2
XTI RS R R E T IR PR B B AR X
T, RIGHRZE PDA HigRdk, 25 °CHAWEH:
Fro FRVFREIENEE G, M PREGA
Z R 22F PDA ¥i5R3E I 25 °CHi% . A 4ifk
3-5 1%, WAkt 4 CIRRARAEDY,
1.2.2 EHRESEUE

W B TR AR 30 2T CMD. PDA Al
SNA HigfHk |, 25 °CHigF 7 d, MEHEL S
(FEZ . P aF) . R AR A6 A oW g |
HBMEL, HEBMBENEsAMRT . RS
FEA, IR AR O B E D
123 BEHMSFEE

WEESESR 7 d BTRRR IR 22, WA ks

F1 FMRPBRHGHY

SR FHEC TR BE PR A #3200 £ 32 L DNA, W51
P EFR LMNS-MO ) ITS . tefl il rpb2 JL Kk
TP R Do Hp 1TS SR k551 Pxt
ITSI/ITS4AR ) tefl FERY A VeSS [1%F EF1-728F/
TEF1LLErevP™*, %3+ rpb2 JL[H 5 [ #%F Frpb2-F/
Frpb2-R, mA TAY) TR (V) B PR
A . PCR WK (25 uL): Taq PCR Master
Mix 12.5 pL, F. B 1#)(10.0 pmol/L)# 1.0 pL,
i DNA 1.0 uL, ddH,0 9.5 uL. PCR ¥ 4%
. 95 °C 5 min; 94 °C 30 s, 57 °C 30 s,
72 °C 90 s, 30 f¥; 72 °C 10 min, PCR *
Wik 24 T AR TR () A A IR 2 ]
L, P as RSS2 GenBank BiE /4 (R 2).,
PR LMNS-M9 (1) ITS JEFE I )7 25 2 4E NCBI H
PEAT BLAST Ka & H1EL X 20 A1 o TR s 4 7 ik
LMNS-MO i tefl F1 rpb2 LK 751 5 A5 &8 4
TN P A AT X, SR 4B 42 5 (neighbor-
joining method, #X{4 PAUP v4.0b10)i1T R4
KB 5T, HEHE 1000 K.
1.2.4 BEHREVFHERR

ANRVE IR (IR . AU L BRI 4R B
TR B 22 KR AL 5 7R AR B R 3
FEA b, 2 W A S A B A 1) TR N LA
SR, R R B A A B T Y AR 1 R R R
R L R R, R B IR A A R S5 T e 1
fig — A B O BERR AR, B B RR B R 4 O A T 1Y
T A ) R Rl PR 65 A 46 J 5, 0 T A T s A [
Bl . AR . BERREY . SR E TSR, K

Table 1  Primers used in this study
Gene name Primers name Sequences (5'—3") Product size (bp)
ITS ITS1 TCCGTAGGTGAACCTGCGG 546
ITS4 TCCTCCGCTTATTGATATGC
tefl EF1-728F CATCGAGAAGTTCGAGAAGG 1241
TEF1LLErev AACTTGCAGGCAATGTGG
rpb2 Frpb2-F CCTGCTGGCCAAGCTGT 944
Frpb2-R CAGATACCTAAGATCATAC
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Table 2  Strains and GenBank accession numbers used in this study

Species Strain No. Geographical origin GenBank accession No.
ITS tefl rpb2
T. afroharzianum LMNS-M9 Shanxi, China 0Q472509 0Q509672 0Q686718
T22 Colombia; New York AF469188 AF469194 KP009145
G.J.S. 00-24 Mexico AF443922 AF443940 FJ442726
CBS 130439 Montana, USA Fl442671 Fl463401 -
CBS 124620 Peru FJ442265 FJ463301 FJ442691
CBS 124614 Peru FJ442233 FJ463298 FJ442709
CBS 130443 Peru FJ442214 FJ463302 FJ442740
G.J.S. 05-113 Italy FJ442235 FJ463378 -
CBS 134709 - KP115287 KP115273 -
G.J.S. 97-263 Japan AF194010 AF348091 -
G.J.S. 97-268 Japan AF194015 AF348105 -
G.J.S. 99-225 Cameroon AY027781 AF348106 -
Z19 Shandong, China KR911900 KR911897 -
SC098 Sichuan, China 0OK335763 0OK338641 -
T™2-4 Beijing, China MK779176 MK779175 MK779174
T. afarasin CBS 130501 Cameroon FJ442630 FJ463327 -
CBS 130755 Cameroon AY027784 AF348093 -
T. atrobrunneum G.J.S. 05-467 UK FJ442628 FJ463303 -
G.J.S. 05-469 UK FJ442629 FJ463304 -
T. camerunense CBS 137272 Cameroon AY027780 AF348107 -
T. endophyticum DIS 221D Ecuador FJ442248 FJ463389 FJ442794
DIS 220K Ecuador FJ442270 FJ463328 FJ442765
T. guizhouense CBS 134707 - KP115286 KP115271 -
GJ.S. 85-119 Indonesia AF443923 AF443941 FJ442718
T. harzianum CBS 226.95 UK AJ222720 AF348101 AF545549
CBS 227.95 UK AJ222721 AF348100 -
T. inhamatum CBS 273.78 Colombia FJ442680 AF348099 FJ442725
T. lentiforme CBS 100542 Guiana, French AF469189 AF469195 -
DIS 167E Brazil FJ442644 FJ463333 FJ442764
T. lixii CBS 110080 Thailand AF443920 AF443938 KJ665290
T. neotropicale G.J.S. 11-185 Peru HQ022407 HQO022771 -
G.J.S. 11-198 Peru FJ884107 FJ967803 -
T. pyramidale CBS 135574 Italy - KJ665699 KJ665334
T. rifaii CBS 130745 Panama FJ442621 FJ463321 FJ442720
T. simmonsii CBS 123765 North Carolina, USA AF443918 AF443936 FJ442798
CBS 130431 Maryland, USA AF443917 AF443935 Fl442757
T. aggressivum CBS 100525 UK AF057600 AF348095 AF545541

- TR
—: No data.
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PR LMNS-M9 [ RPF(EAE 5 mm)#efp 2 FikE;
Fekk, 25°CHFR, HA 3 . 2d BRI
IR YR EAR, TR RS SRS T R4
AR, 7 d A MERT WO R,

AN pH B 22 4R K A=A R . fER
H i PDA Fife iR 80 °CA AL,
1 mol/L NaOH Fll HC1 % ¥ K pH 1B 35I| I &2
2.0, 3.0, 40, 50, 6.0, 7.0, 8.0 Fl 9.0, ¥
Pk LMNS-M9 [ PR T A pH ) PDA
R b, 25 °CHE SR, A 3 IR, HERE pH
M N L A K R

AN [R) T BE o B 22 A KR P L ) - B
E LMNS-M9 [ B P 2 PDA 85557 5L 1, &
WI'ETF 20, 25, 30 F135°CH5E, HE 3K, it
=W N5 S o N P2 A R e B 1 e ==
PR 22 M KR (mmy/d)= (R V& BB DE EAR)/2;
724 B (CFU/mL)=[ (X + X+ X3+ X4+ X5)/80]x400 %
10" R gk, o Xi=Xs 2 5 A Hhor s s 43
AT
1.2.5 HEHRIEERNE

IR HE : Ktk LMNS-M9 T PDA
BRIk 25 °CHEFR 5 d, AE LT 5 i SRR B
W5 TR Fk LMNS-M9 /) B %70 2 15 2 PDA 5557
Heih% 5 mm b, FEH PO XRR SR
SR B R DE, RN R T X RE L, 25 °CHE
F%, B 3R, 7dEPEIFIN VR AR, 1A
IR,
0T 3 (Yo)=ChF R 1) T 2% 2 A2 — Ak B9 TR 9% 2
1)/ BRI TR VA2 - TR DR 42) < 100

TAEFIE . B8 Bell 2500450 7 vk xf
REREIREITH, 19 KREWHLHES
2 100%; 1. AR 2ZH 5 5>2/3; K.
13<KREWH LB HF<23; V. KEH%HE
WR<1/35 VI R 225 55 5 100%.

FER YA VE I E . # bk LMNS-M9
FMERT IR I 25 °CHE SR 5 d, BULRDE -5 #
Fh3) PDA $igRErl . KRR Y PDA
Br SR BL BN E AN B fR LMNS-M9 /i) PDA 5557
B RO, BOBED, DIz PDA BiFEALS
AR IR TE I PDA i FR BB XTI, 25 °C
BRAE, A 3R 7 d R A SO
JRE RIS EAS, TR,

T 2 (%)=Ch B R 7% 52— P E 7% B
12 )/OKT B T V8 ELAR TR DFELA2) % 100,

A AEMEHNE : R LMNS-M9 Fifit
W I 25 °CHi 9% 3 d, Wiz, ML
IK Y MO ) 8 P 2292V R . FE KR PDA B 5%
SV HI % 50°CA AT, Bl mL Y50 F IO
I A, K/ANZ) 4.0 cmx2.5 cmx0.1 cm, fF:
BEE IS, BB MR LMNS-M9 A1t 55 )5
BB B 22 BL TP 20 L, BERPE ARG A W
(BIFG 2 em), B THIA K IE L8R 5 5
Wi, 25 °CHEFE 12 d, HE 3wk, HABHEM
KEAEIG
1.2.6 BEHIREEANE

W O N B A A T S A R
(50 cm*36 cmx3 cm), HU 50 A4NEA 3 Fh 2= 5L i
FM, REEREAE TEAENE, 25 °CHigR 5 d, fFR#
MWEANEFFIRAGA, EL 1 g BEFmA
100 mL JEREKH, A mERTHR g =i .

W R WL ) T 4 6 TR W AR (D AR
11 cm, JK£ 8 em, #ifm 10 cm), AFAEF{E
AL T 10 K, LUK L BER G JE 5 R Xt
M, ERE S K. HBME 2-4 d, BREIFHE
i 35 dERHZHAIE, SR K S
(b EAR AT o SRS E T 105 CCHEFR
30 min, T, MEHTE, SEBRHED
1) AT VEA
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2.1 HE# LMNS-M9 894 #2451
2.1.1  FETSYFE

AW S NFE R 3 B B N A B
9 #k, HiPEFE LMNS-M9 XJ2E 3 95 3 5 s A
WA EEN . Bk, EEEHK LMNS-M9
PHT RGNS, B3R 7 d B, HFk LMNS-M9
10 3 P FRAE FITRTEIEAS | ot S i (0 55 22 57
AR, 76 SNA 53R 0t I 4Met, ARk
(& 1A, 1B), 7& PDA 75k F2+ 5, 9
EAREAZR, IEf R WO ESE, R
AR A0 L FEmAN YR, FiE A A 2R A
(8 1C. 1D); 7E CMD Hi7idk 225, Mgk,
IERHGRERSE, WHAGAREAE 1E, 1F).

£ PDA KigR3E b nl W% 21 v 4 e 1) 7 1
(& 2A. 2B); AAEMFHEEESTIEY, £
Bl 90°/r K (& 2C. 2D), K/ HFn F5hA
U2 Re A 34 MRAE(EZ 5AY), LR 2=
BR, K/NG5.6-12.3) umx(2.2-3.6) um, F1
9.3 umx2.9 um (& 2E . 2F); J3HEA 15 LB
Ui, BRIEZOIRATE, K/NM2.9-6.3) umx(2.3—4.0) um,
-1 4.1 umx2.9 um (B 2G. 2H), 7E SNA Ki3%
b, RN R(5.9-12.9) umx(2.0-3.8) um,
4593 umx3.2 pm; AT KN
(2.5-4.2) pmx(2.1-3.6) pm, “¥-¥ 3.4 pmx2.9 ym,, 7
CMD HiFhk b RV NAI(5.9-16.2) pmx(2.2-42) pm,
440102 umx3.1 pm; 4T KN K
(2.8-4.2) umx(2.2-3.6) um, ¥ 3.4 um=3.0 um,
212 ETFITS. tefl F rpb2 REM ARG A B
D

Ftk LMNS-MO () ITS . tefl il rpb2 3[4
FESIKE S5 4 546, 1 241 1 944 bp., ¥ ITS
FEH P45 NCBI 0 e A AH T 3wk 04 )7 41 A
T BLAST xt, M5 T. afroharzianum

1 HE#k LMNS-M9 ZEREIEFE EREER
7S A-B: SNA Higrdk bW IE 1 A1 P
A&, C-D: PDA KEFR3E b 00T 7 IR T A TR 2.
E-F: CMD HiJ5JE I i IV IE 1A T 25

Figure I Colony morphology of strain LMNS-M9
on different media. A—B: Colony morphology on
the upside and downside of SNA. C—D: Colony
morphology on the upside and downside of PDA.

E-F: Colony morphology on the upside and
downside of CMD.

(MK779176 .AF194010 . KP115287 H1 FJ442214)
T. lixii (AF443920), T. simmonsii (AF443917)
M T. guizhouense (KP115286) ) AH Lk & ik
100%, JovkIX 43 LA EJUANFr . DL tefl JERT
I RG R BWEH, Hk LMNS-M9 5
Z19. CBS 124614, TM2-4, SC098. GJ.S.97-268 .
G.J.S. 99-225, CBS 130443, CBS 124620, CBS
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E 2 E#k LMNS-M97E PDA 25 & i R S4S4E

Fi.G-H: 4 #+1

A-B: FEffE. C-D: A FAE. E-F: Jil

Figure 2 Microscopic characteristics of strain LMNS-M9 on PDA. A—B: Pustules. C—D: Conidiophores.

E—F: Phialides. G—H: Conidia.

134709, G.J.S.97-263, T22, CBS 130439, GJ.S.

05-113 1 G.J.S. 00-24 3£ 15 £ T. afroharzianum
PL 98%M) A &S A I — 473 3 (B 3A),
X ARS8 H AT . ZELL rpb2 K& 41 44
HWRGERFTW P, Wk LMNS-M9 5 GJ.S.
00-24 . CBS 124620. T22. CBS 130443 .
TM2-4 Fil CBS 124614 3t 7 £k T. afroharzianum
PL 100%HY H ESCFRFR BN —D0 3, H5AR%E
J& HoAd R B 2 DX ok (8 3B). ZRa A
ARG T T € B LMNS-M9 ShEM G %
KB (T. afroharzianum),
2.1.3 FEEFIEH LMNS-M9 & 224 K71
b 0p-A |

SRBRIEAR G, BBk LMNS-M9 7E % Hi 4
BEANZLRE O 5 752 258 B A K R 0 2 T b
MIGE SR, TES MiaM LB s R L EAEK
AR 21.4 mm/d #1203 mm/d, —HEZRAE

Fo 3 PPREAML, Bk LMNS-M9 7E & &HE A
R 1 5 5 Rk b A K TR I S i A TR R
MREE R R, A KRN 27.8 mm/d. Pifh
BEERER A L, BERR A B E S THRA
B, AR RKEEN 269 mm/d, 3 B4 E B 1A
b, Bk LMNS-M9 75 6 BRBE Ay 55 97 3% A=
e o 4 I 2 1 T R R R R 1 s R
RN 21.4 mm/d (B 4A),

SRERIEAR L, Bk LMNS-MO 755 # 20
(ARG FRIE LA 7= i it i R RER R LR ) B
Fidk, FrAIEEE A 1.8x10°-23.8x10° CFU/mL.,
3 FAUEARLL, HkE LMNS-M9 755 SRR sk
FRBE b R R T B R R e 1 %
FL, PRHUEEER 1.0x10°-23.8x10° CFU/mL.
PAFPRETRER A EL , iR S 0 0 2 o TR —
B, PRRETEEDY 4.0x10°-23.8x10° CFU/mL.
3 Fha R B T, Hitk LMNS-M9 7E S Hike:
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Trichoderma afroharzianum 719 (KR911897)
Trichoderma afroharzianum CBS 124614 (F]463298)
Trichoderma afioharzianum TM2-4 (MK779175)
Trichoderma afroharzianum SC098 (OK338641)
Trichoderma afioharzianum LMNS-M9 (0Q509672)
Trichoderma afroharzianum G.J.S. 97-268 (AF348105)
Trichoderma afroharzianum G.J.S. 99-225 (AF348106)
Trichoderma afroharzianum CBS 130443 (FJ463302)
98| ' Trichoderma afioharzianuin CBS 124620 (FJ463301)
Trichoderma afroharzianum CBS 134709 (KP115273)
Trichoderma afroharzianum G.).S. 97-263 (AF348091)
Trichoderma afroharzianum T22 (AF469194)
93 Trichoderma afroharzianum CBS 130439 (FJ463401)
70 Trichoderma afroharzianum G.J.S. 05-113 (FJ463378)
Trichoderma afroharzianum G.1.S. 00-24 (AF443940)
69 97, Trichoderma atrobrunneum G.1.8. 05-467 (FJ463303)
Trichoderma atrobrunneum G.).S. 05-469 (FJ463304)
95 — Trichoderma guizhouense CBS 134707 (KP115271)
Trichoderma guizhouense G.J.S. 85-119 (AF443941)
Trichoderma pyramidale CBS 135574 (KJ665699)
100 Trichoderma lentiforme CBS 100542 (AF469195)
Trichoderma lentiforme DIS 167E (FJ463333)
Trichoderma inhamatum CBS 273.78 (AF348099)
88 Trichoderma neotropicale G.J.S. 11-185 (HQ022771)
Trichoderma neotropicale G.J.S. 11-198 (FJ967803)
96 | Trichoderma endophyticum DIS 220K (FJ463328)
Trichoderma endophyticum DIS 221D (FJ463389)
Trichoderma afarasin CBS 130755 (AF348093)
Trichoderma afarasin CBS 130501 (FJ463327)
98 | Trichoderma simmonsii CBS 123765 (AF443936)
Trichoderma simmonsii CBS 130431 (AF443935)
Trichoderma lixii CBS 110080 (AF443938)
100 | Trichoderma harzianum CBS 226.95 (AF348101)
Trichoderma harzianum CBS 227.95 (AF348100)
Trichoderma camerunense CBS 137272 (AF348107)
Trichoderma rifaii CBS 130745 (FJ463321)
Trichoderma aggressivium CBS 100525 (AF348095)

95

76

97

100 [Trichaderma endophyticum DIS 221D (FJ442794)
B 78 Trichoderma endophyticum DIS 220K (F1442765)
. ——— Trichoderma rifaii CBS 130745 (F1442720)
’7 —————————————— Trichoderma harzianum CBS 226.95 (AF545549)
51 - Trichoderma lixii CBS 110080 (KJ665290)
100 l Trichoderma simmonsii CBS 123765 (F1442798)
Trichoderma simmonsii CBS 130431 (FJ442757)
Trichoderma afroharzianum G.1.S. 00-24 (FJ442726)
Trichoderma afroharzianum CBS 124620 (F1442691)
Trichoderma afroharzianum T22 (KP009145)
100 | ' Trichoderma afroharzianum CBS 130443 (FJ442740)
Trichoderma afroharzianim LMNS-M9 (0Q686718)
Trichoderma afroharzianum TM2-4 (MK779174)
Trichoderma afroharzianum CBS 124614 (F1442709)
Trichoderma aggressivum CBS 100525 (AF545541)

1

B3 ®E# LMNS-M9 E T tefl EFFF(A)F rph2 BEEFFIBHEMRZELAER 5N HFIM
GenBank & 5¢5; 70 TS BUHEAC K bootstrap S H5% ;. 7 LR A LI

Figure 3 The phylogenetic tree based on tefl gene sequences (A) and rpb2 gene sequences (B) of strain
LMNS-M9. The GenBank accession numbers of aligned sequences were shown in the parenthesis; Values at
branch nodes represent bootstrap value; The length of branch represents the evolutionary distance.

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



FI AR5 RIS A EE LMNS-M9 [1%85E . WAk SO R 1 e £ AR H

3857

ARG b 07 f T S e T O BRI AT R B R il
ARG FRAE, AT 0.0-23.8x10° CFU/mL
(Kl 4B).
2.1.4 A[E pH M EH LMNS-M9 &£ 4 K FA
P B 82

pH X B bk LMNS-M9 By 5§ 2245 KA i 5%

W, & E pH AN 5.0-60, A K#EEKN
32.2-33.5 mnv/d, BE&TFHA pH, X4 pH<2.0
i, AERKHEREFERM, DT 89 mm/d; 4
pH>9.0 i}, AR KA T 0 mmv/d (K 4C).
FIAK LMNS-MO 7£ pH £ 4 4.0-9.0 s 1] 7751,
& pH {E 5.0, F=filil 16.8x10° CFU/mL,

A 300¢ 2 MCarbon source B 300 B Carbon source
. = ENitrogensource 3 . _ ENitrogen source
25.0¢ i . OPhosphate £ 250} . & @Phosphate
- i a OMetal ion E {_ O Metal ion
T i rh O
g 20.0 ; e 20.07
£ X
) : ~
s 150 § 1501
= i B
3 3
S 10.0 : b S 1001 i
&) i 8, i
i 8 ;
500 . g s50f b
S H b
0.0 5 Q0 0 = o il,Q.Io. ’—I—‘ Q 0.0 =TS TS S = Y o Q.‘Qi ‘C‘l—jl
SS3E2EAZS3S S 34 Ef& 5523239
C 350 .- 20,0 > D 450 —— Growth rate --=-- Conidia production 12,0 3
E E
30.0 5 40.0 | =
e 10.0 £
S 550 11500 53507 3]
E T S  Eso0f 180 2
£ 200 % S 3
I 11005 7 160 &
S 1501 5 g 200f 5
= = § =
2 i ® £ 1507 140 B
g1 {b 50 & 5 00l g
< E o
50t , 5 i 120 5
A ) 2 5.0 2
0.0 b—= e : : : ' 00 © 0.0 ’ ; : : 0.0 O
20 3.0 40 50 6.0 7.0 80 9.0 20 25 30 35
pH Temperature (°C)
4 AEEZ. pH FLEENE#H LMNS-M9 B4 KMZRIFE A AFEEFEE K LMNS-M9

W22 KR, B: ARIEFEXTRK LMNS-M9 725200, C: N[A] pH Xk LMNS-M9 1 224 K il
B, D: AREEXFER LMNS-M9 224 KA AN, Glu: #%4h; Lac: FLBE; Suc: JE
Bi; Amn: BSFREL; Pep: HHAMR; Ams: HifR%E:; Dhp: R —#; Pdp: WEfR 4 ; Mas: HilR
BE; Cus: BRFRHW; Cac: BRIRES. K AR/ING FREFR IR 225 835 (P<0.05), T[H

Figure 4 Effects of different nutrition, pH and temperature on mycelial growth and sporulation of strain
LMNS-M9. A: Effects of different nutrition on mycelial growth of strain LMNS-M9. B: Effects of different
nutrition on sporulation of strain LMNS-M9. C: Effects of different pH on mycelial growth and sporulation
of strain LMNS-M9. D: Effects of different temperature on mycelial growth and sporulation of strain
LMNS-M9. Glu: Glucose; Lac: Lactose; Suc: Sucrose; Amn: Ammonium nitrate; Pep: Peptone; Ams:
Ammonium sulfate; Dhp: Dipotassium hydrogen phosphate; Pdp: Potassium dihydrogen phosphate; Mas:

Magnesium sulphate; Cus: Cupric sulfate; Cac: Calcium carbonate. Different lowercase letters represent
significant differences (P<0.05), the same below.
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W T HA pH, 24 pH<4.0 8 pH>6.0 i}, 7~
il B E REAL, KT 7.2x10° CFU/mL; 4
pH<3.0 i}, HE#k LMNS-M9 A 7= (& 4C).
2.1.5 AELRE X Bk LMNS-M9 & £ 4 KF0
P B 82

& ELE AR LMNS-M9 B 22 A4 K 1Rl
25-30 °C, KRN 33.6-42.0 mm/d; KT
20 °Cal T 35 °Ch, AERKHREE TR, KT
15.1 mm/d (¥l 4D). i&'B K LMNS-M9 =i/
TR 30 °C, =i AN 9.1x10° CFU/mL;
LT 25 °Calim T 35 °CHY, iR ¥ T
K%, KT 4.9x10° CFU/mL (/& 4D).

B. cinerea A. caulina

0.00 :
el iné L 1) it
B. ciné' P:A. cai™ g CXT au‘)"’.ﬂm”[. cose”

F. citri

2.2 E#k LMNS-M9 X} 4% R & B30 &1 1E
PR AR LMNS-M9 X 5 Fifuss Ji A A [ A
FIPIEIE R o XTIREEE 5% 7 d B, bk LMNS-M9
55 B. cinerea fil T. roseum [ 3¢ FAb 7= A= 5 4 £4
A, 5 A caulina [A) A B R AN (B 5A),
PR ECH -G, P X} T. roseum A5 HLIE
e, fEPUisECh I, X B. cinerea (454
VER AR, FEPUECN NG, ; XTI # 12 d B,
Ik LMNS-M9 REZE 35 A. caulina, F. citri
A. alternata X 3 P J5i i 1 I 7% (K] 5B). 7 d
B}, EPE LMNS-M9 X} B. cinerea, A. caulina,
F. citri. A. alternata 1 T. roseum At 3 A Xt 18417

A. alternata T. roseum

o

70.00 ¢
60.00
50.00
40.00
30.00

Inhibition rate (%)

20.00
10.00

0.00 :
ot nd At o i
g.cin GA cout™ F-“}f auel““mfr ros?™

5 H# LMNS-M9 3 EEBIMEIIER  A: @bk LMNS-M9 5395 5 X F IRt 5% 7 d BBV, B: B
Pk LMNS-M9 595 5 i % IEE 35 35 12 d (975, C: XIR G SR M 227 d). D: BFniE 3093 27 d)

Figure 5

Inhibitory effect of strain LMNS-M9 against pathogens. A: Colonies of strain LMNS-M9 against

pathogens for 7 d. B: Colonies of strain LMNS-M9 against pathogens for 12 d. C: The inhibition rate of flat
plate confrontation (7 d). D: The inhibition rate of plate culture (7 d).
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BRI 12.53% . 51.96%. 52.38%. 59.25%F
62.04% (1 5C); #ELPIINHIRMKIK A 35.86%
61.54%. 33.33%. 41.95%Fl 59.09% (&l 5D).

S URF 85 55 K IR B bk LMNS-M9 (1) B 22 7] 4%
fit . Z8%% B. cinerea. A. caulina. F. citri 0
A alternata M2 (K 6 B E7kirs), ff
B. cinerea. F. citri. A. alternata [/ & 22 %Y |
HiEE 6 HEFTL s, Wk LMNS-M9 5
T. roseum B4 T8 22 A= K H R, X B8 45 BT
IEHE AR (K 6B).
2.3 HE# LMNS-M9 W EE4EE K
Eﬁ ur]

PERD R MR LMNS-MO 5 dJ5, R 28 W

A. caulina

B. cinerea

i
by

Bl 6 =¥k LMNS-M9 X iFmERENEFEEHR

F. citri

i

sk, fl 7 3.3x10° CFU/g (B 7A). #&FhG
2 d, AHEEXTREAE S AR IS R % LMNS-M9
MFERT F i R R ES ARG
AR LMNS-M9 (1) 3L T 2857 (1) H 1 R
69.0%, XTHEHTE %N 30.0%; 4 d i, FH4LM
Fb HR i 3T R 25 (B 7B 7C). 35 d B,

FHELXT IR, A6 S ARG KR 8 LMNS-M9 5Ll
R YR K T, S 9.32 em;

mekm TR EEZS, 7538 1053 cm Fl
10.10 cm (& 7D, 7E). #HECXTRE, FESAEDIRG
ARFE LMNS-M9 R T 12257 4)y 1 0 1l | s i
H, MR EREEE . MM T E B S T,

7 0.959 0, 0.057 1 F10.007 6 g (& 7F . 7G).

A. alternata T. roseum

A: WOFRA. B. XFHRZ. Bafisk. HEHE LMNS-M9

X I R 2 PR SE s A EETk R R 22 BT RN s BRR=10 pm

Figure 6 The mycoparasitism effects of strain LMNS-M9 against pathogens. A: Treatment groups. B:
Control groups. Black arrow: Entanglement of strain LMNS-M9 mycelia on pathogen mycelia; White arrow:
Rupture and digestion of pathogen mycelia; Bars=10 pm.
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Germination rate (%)0

- 12.00¢ a B LMNS-M9 & 12000 B LMNS-M9
10.00 — a OCK 1.0000} L cK
= 8.00 ~ 0.8000F b
o1 NN NIRRT WA N
| ooosol [ | [ [ | |
0.00 : ] — . —

0.000 0

oosl I [ | W ||
0.000 0 : : \

JRTIL gt

E 7 ®#k LMNS-M9 WMEEZEKBEM  A: K LMNS-M9 By LEE B: HEEMQ2d).C:
MR D: A RKEN. E: bRE . BEK.F. i EetE . TH.G: s FiffE, T&

Figure 7 Effect of strain LMNS-M9 on the growth of quinoa. A: Solid-state fermentation of strain
LMNS-M9. B: Germination condition (2 d). C: Germination rate. D: Seedling growth condition. E: Plant
height and root length. F: Aboveground fresh and dry weight. G: Underground fresh and dry weight.
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