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Abstract: In order to screen fungi with promoting effect on Artemisia annua growth, the endophytic fungi were
isolated from A. annua brunches by tissue isolation method and molecular identified. The promoting effect of
Trichoderma atroviride was studied. The results showed that 23 endophytic fungi were isolated belonging to 16
speices, in which the genus Colletotrichum was dominant. The fermentation broth of T. atroviride had
significantly negative effect on seed germination and seedling growth of A. annua The mycelium of T. atroviride
liquid fermentation had significant promoting effect on seedling growth of A. annua during April to May, but did
not after July. So, it was suggested that T. atroviride could be used as fertilizer for seedlings of A. annua, and it
combining with chemical fertilizer could also be applied to adult plants.
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ST T S 2 I R S e R B AU
MPIEERE, WHO & NEH 7 i H =Mz N E
AT ZEABNPUEY . HilE S RBARA LS
B, ERRAIR E, ARBEF kA, 32BN E
FEHL. B ER BRI, RA P KO
KEHAMAE, SEC-SRAL, HEEEE, BT
G OIMRTCAAR I AEEHEAT B4R

.4 1 A 1 (Endophyte) /2 35 78 JL A2 % st i —
SE B BBl A B AR T R A A AR S
WER I B o E A . AR, WA R AR
W AARL (K. FRs L s,
KA BEEFEHANER, BERIXHSAREK
TERME R E k. 124 N1k, 58 N AR IR T
TEETESUE . DAL DU R AR B & 2=
ST o HLAE AR A AR FE 5 T AR T AR A

AT E N AEEEET T 0B g 1%
SE, 155 —FRIREE A (Trichoderma atroviride), A
EMARACY, REARER -NZIRENAH A
W, A TR EHE A K BUR. PRI RS A
ZAR . AR SO T IRGEAR S X i E e AR 1E
PRI ST, RIS L R BEIE, 98 Tt F At
R o

1 MR

1.1 At et

8 H ME KT 258t Fe B i) [l (LA T T FR AR
Y, Kk 400 m, Jb4i 29.355 A4 106.339 AL
s T R EL 10 BRAECH: T U AR, 5T U
B, SR E SRV T AR B S

PDA [E A $5 77 3L . PDB ¥R &£ 77 3 2 [ [k
8 2O e

TaKaRa 9164 fil RR178 X7 & H =AM 4
). PCR 1%(S1000 Thermal Cycler)FlE ik B 45 1%
(Gel Doc XR)¥J A3 [E BIO-RAD 7=, HLIKAX
(DYY-6C Z4) i1 L 3k #t (DY CP-31F) ¥ A At 5 /5 —

=z
S Ao

1.2 AAEEEKEML

HE - ZMEETR 3 em K/NBL, PR KK
ek 2 min, V/KPFEE 40 min, TR 75% 2 FE B
1min, 1%JF7K7H 7 5 min J5 FH L H/KEEE 4 K.
W a 1 RGBS ISR T PDA AR F= 5 1Rk

A, LR 3 ML, A9, BRI TC R LR
W5, FOCK BT 0.5 cm K/ B JE AT
PDA [& fA55 573 L, T #E b DX T 25°C JR RS
Bi9% 5~10 d Jm, BRIOREdh A B A R0 1R 42 5%
FZN PDA P IR FE halifh, 22 2 kAL B 23R
AL -

1.3 NEHEBESTERRRGARERSEE

WEREES>FEE K TaKaRa 9164 I
RR178 3 571 & % 43 85 19 P9 AR B0 B gk 47 2 R 4
DNA F2HUNI%T 26S rDNA D1/D2 [X 455413347 PCR
. EEHENZ DNA $2H: Bhub & kT
1.5 mL EP &, I\ TaKaRa 9164 H # 2R 50 pL,
80°C/K¥ 15 min, &Ly, HULiEW. PCR RNk F
(AR 50 pLy@F5: 20 uL ddH,0, 25 uL PCR
premix (TaKaRa), 4 uL H i DNA #4i, D1/D2 1k
] 5| #)(TaKaRa) % 0.5 pL. PCR ##8fE/F: 94°C
5 min, 94°C30 s, 55°C30 s, 72°C1 min, 7{¥ 30
s T2°CHEAH 10 min. 3748 P2 925 B A W e Ml rL ik
R Ji5 16 A R R A R

REREBEHRSLERE X5y T4 8 NIR SR
KREMERATHE LSS, b BB mE Ll
B RS

1.4 DNA RISt R RGREWHE

R NCBI (http://www.ncbi.nlm.nih.gov/)F| H
BLAST Kpilll 7 3R15 0% itk ITS #4155 GenBank
W SR A EAT B, A AR R A v R R R
B 50 B R AR (1 3 2R AL . IR MEGA 5.0 #f:44%
H& 4121 (neighbour-joining, N-J), H &% (bootstrap)
791000, RGN

1.5 RERB R E & RREMEHT
RERBERERHE K ACIRIRRAERE
A E RS PDA AR AL b, BT 25°CHiR
FaRsFE, [AIEECHEE = E S B IIANEEK
B i) 43 A A BRI, BRIV EOR T4, Bk
WRE, BEREE A 1108 mL™t. B 1 mL BT
100 mL PDB #ifkk: 7735250 mL —fH), BT
25°C, 140 r min ' fUFER IS IR, 41 6~7d J&, BUH
BRI, OfidiE R, SEIKER.
RKEBRNFTEM FRFNYGEEKPEW
T A N#200, PR 1% shREFE S,
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B KB DB, IO JE LRI T L, &1L 100 Fi,
FEAC B 3 ML, fI0 A [R5 B A3 ) R B (R R 5 <
10%, 30x) 15 mL, LLEAKNXE. F 25°C, Jal
12 h, JEBRAE 21.58 umol m st R, HFRMEL
REGAEN, THHREER, RESRKRZFRE. i
IR B AT, K 1Ak, R 60 £k, 30d
JE G E KR G 1R bR.

KEEBRNE B EEKREH T i i
#200, 3 A AR TR T E ST, HKE
lem &N TEHY, MA&HEM LK. FHEESHEE
2 cm I FHIRGEARTE KR (I 3>, 5>)B8#E, LA
TEACHNIIE, BFH 20 mL, 4> 4 IRGEHE, R GEHE
SEEE, Bk — IR MR R BRI NR S R . AL
HE 40 ¥k, 30d EguitE KK B TEbrR.

1.6 REAREH LB FELE KK

4 ) (S Fh#200) 40 i 42 2 om it
Wk, WHE 3 NWAmHE, ol &Rk 05, 2
A5 g, WNEHESHRERFTEA, 6+t XHpe
TE/KEEMR 5 mL, &RALFE 55 £k, 30d A S K
REIEIR.

6 H FIEFN 4 A5 A #54. #23. #200 F

R 1 HENERED THESR LI

#160), 7 HWIE w4 2 em IS it I 8 2244, 60k 5 g,
DUIAERR 5 mL [RE /K BRI, f3407E 30 #, 30d
JE B BT b .

6 H #E A ( Ah#200) 78 7 A V)T = A 2 em
BN it FH B 2244, s 6 /M43, 43R 2.5, 5.
7.5.10 g A HREBEAH 2 5 100 mg, PAFERE 5 mL
THEAKAXIE, AL 70 k. 30 d JEIEF &4
Hiy 3 53 fif B

8 A & AN (W A #200)E 9 A WIH = &
2 cm I, BERRIE FHIRSEAR T R B2 221K 5 9. &
PR AL 100 mg, PASERR 5 mL iE AKX R . BRAb
L 75 Mk, 30 d Joil B i T b o

1.7 FWRIGTH T
F SPSS 20.0 #AFXFHdl 34T 2 = L #T,
P<0.05 N&EZF /KT, P<0.01 NHkEZEKT.

2 &5 AN By
21 BEENERENSBRLE LR

T IR H 3 o B N AR L 23 Bk, &0
TXE 16 Fh(E 1).

Table 1 Molecular identification and composition of endophytic fungi from Artemisia annua

s HERERT ARALLER B —
No. GenBank accession No. Similar species Similarity /%
Q9 KM099499.1 IR AEF Trichoderma atroviride 98
Q3 KU523864.1 Scopulariopsis sp. JZZ-2016 strain HIC003 99
Q26 KM268731.1 Acremonium sp. HYJ3(2) 99
Q1 LC134282.1 Cladosporium sp. JCM 28595 99
Q7 KX197405.1 15 3R Colletotrichum boninense strain F212054 99
Q8 KJ619456.1 [ 7 %JE [ Colletotrichum boninense strain Z-D-07 99
Q13 KJ1619456.1 7 JRJH Colletotrichum boninense strain Z-D-07 99
Q4 KF921294.1 ZEWBIJETE Colletotrichum fructicola strain RTG 99
Q19 KF914875.1 R IE B Colletotrichum karstii strain AMX 99
Q18 JX644068.1 Wiz LA Ceriporia lacerata voucher Dail0734 99
Q15 JX644068.1 Wiz LA Ceriporia lacerata voucher Dail0734 97
Q17 JX644068.1 Wiz 7L Ceriporia lacerata voucher Dai10734 99
Q23 KX619602.1 M2 4EEMLEE Perenniporia centrali-africana isolate URM85597 99
Q12 KX619602.1 M2 LEENMLIE Perenniporia centrali-africana isolate URM85597 99
Q20 JN048768.1 FEA2H Trametes hirsuta voucher Cui 7784 99
Q10 LC133954.1 Trametes sp. JCM 28112 98
Q27 KP283520.1 %&£ 2 L1 Polyporus brumalis voucher PB1 99
Q28 KP283520.1 %&£ 2 L1 Polyporus brumalis voucher PB1 99
Q22 KP322775.1 Agaricomycetes sp. P10531P30CC432 96
Qi1 AF079067.1 XS HAE Termitomyces cartilagineus strain ATCC 58865 99
Q25 AF079067.1 XS HAE Termitomyces cartilagineus strain ATCC 58865 96
Q14 KM407664.1 Peroneutypa sp. HUEFS 192196 isolate AD355 98
Q24 KF719207.1 B 71 2 12 5% Rosellinia aquila strain CBS 399.61 99
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Colletotrichum fructicola
&1 AR5 N AR R VR

Fig. 1 Part of endophytic fungi from Artemisia annua

M LRI, IWE R o B N AR T
% JH 1 J& (Colletotrichum) 28 34 &, 345 3 #h 5 #k,
40,35 18 5 2% JH B (C. boninense) . 4% 44 7% JH 14 (C.
fructicola). =I5 s JH 14 (C. karstii). M 1 A0,
HEMENERNES 22 M. 23 BRERE A 5
PRA S e B JE, 1 AR S e BN, ULRHIX 6 MRAT AT R
B AR BT R

B 2 REEATE. A WV, B: BigL; C BT

Fig. 2 Trichoderma atroviride. A: Colony; B: Mycelium; C: Conidium.
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Q15 Ceriporia lacerata voucher Dail 0734

Q25 Termitomyces cartilagineus strain ATCC 58865
Q18 Ceriporia lacerata voucher Dail0734

. Termitomyces cartilagineus strain ATCC 58865

Q17 Ceriporia lacerata voucher Dail0734
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Perenniporia centrali-africana isolate URM83597
Polyporus brumalis voucher PB1

Q27 Polyporus brumalis voucher PB1

Q12 Perenniporia centrali-africana isolate URM85597
Q23 P. centrali-africana isolate URM85597

Q28 Polyporus brumalis voucher PB1

100

[ Trametes sp. JCM 28112
71 Q10 Trametes sp. JCM 28112
Agaricomycetes sp. P10531P30CC432

_99‘_ Q22 Agaricomycetes sp. P10531P30CC432

100] Cladosporium sp. JCM 28595

55

I—Q] Cladosporium sp. JCM 28595
100 Trichoderma atroviride
L Q9 T. atroviride

100, Acremonium sp. HY13(2)

100

[ Q26 Acremonium sp. HYJ3(2)

28 [~ Rosellinia aguila strain CBS 399.61

Q14 Peroneutypa sp. HUEFS 192196 isolate AD355
Peroneutypa sp. HUEFS 192196 isolate AD355
Colletotrichum karstii strain AMX

69 C- Sfructicola strain RTG

26 Q4 C. fructicola strain RTG
Q19 C. karstii strain AMX

36— Q24 Rosellinia aquila strain CBS 399.61

100] Trametes hirsuta voucher Cui 7784

l Q20 7. hirsuta voucher Cui 7784

lOOrScopulariopsis sp. JZZ-2016 strain HIC003

100j

L Q3 Scopulariopsis sp. JZZ-2016 strain HIC003

52 Colletotrichum boninense strain F212054
’{C. honinense strain Z-D-07

B
0.05

[#] 3 3T 26Sr DNADL/D2 JE9IHE LS

Fig. 3 Phylogenetic analysis based on 26S rDNA D1/D2 sequences

Q13 C. boninense strain Z-D-07
Q7 C. boninense strain F212054

100

55
58 Q8 C. honinense strain Z-D-07
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2.3 REARBNFREEKNE W

M 2 AL, R RGBT
FFIIR R RFEH. REFFEE(P<0.05), S5XHE
FHEL, KRR R AFR ZFFREU 3 T % T 31.06%.
54.09%F1 35.62%, Ut BHH T A1k 5 B R
FINHIER . BRBRE MRS, MHE st
559, FRE 5 LA ESiE K IR BB E

2 IR BRI G H A R IR
Table 2 Effect of Trichoderma atroviride fermentation broth on seed

germination of Artemisia annua

MR JOF M6 SRR s RN
Dilution ratio Germination Germ_lnatlon Ger_mlnanon
rate vigor index
0 88.00+1.00a 85.67+2.08a 30.29+0.69a
1x 60.67 +9.02b 39.33+11.50b 19.50+3.22b
5% 89.33+3.21a 86.67+4.51a 30.89+1.63a
10% 85.67+4.16a 80.67+8.02a 29.20+1.71a
30x 86.33+5.13a 79.67+9.02a 29.83+2.05a

M 3 H UG Y, ASFERRREAG SR s R B R
BRI EEM A, s aifsE, ST &,
WON T, M R R N e B SRR A R AR B )
ARELER: RKELHEEEFREER, HE5K
BRI B AT e 2R R AR B P 4l v e

3 IRGOREE R BERR IR TR W E A K KR

R LR 5. 10 <FIXT B (P<0.05), {HAIF
PR 30X ZERARE ; KIS %) i b
T AR A 2 35 = T B R 30 <X R [1) (P <0.05),
HZM B2 = TR 30x1(P<0.05). KEAHE
AL 7 1 S % AR B, PRz 15.27%, 1R
FLIE N T 8.99%, Hu b-TEIINT 11.76%. " ILA
BEIRIBRN T J5, MU SmaF 1K 2F 2, EX4%)
HAEKWA RN, A AR M, B
AR BBEEFEEH

MK 4 TR, PRGN EE R IR R R HE (1)
A1 AR A S 2 I T A A R Ak B AN % R (P < 0.05);
R G RANFR R 3> HE 1Ak = 3 i B A T oA
APH(P<0.05); KEFBMRE 1<, 3%, 5xEIEENH
T E L E AT IR (P <0.05); KEERARE 1<, 5%
BEVE R M R T 2 RS T B ) R AR T R R
3x[)(P<0.05). KM MG HE %)) 1 5 hT A L,
MRk T 17.02%, #REE/D T 38.43%, T E
DT 241%, R FEED T 44.44%, ST E
DT 24%. DRI, TRERREE RIS T A
B EFERIHEIER, X AR A K LT
JR AR R A PNEIAE 5 A 5 o X T YR SRR R R B
SEF S EER R

Table 3 Seedling growth of Artemisia annua after seeds soaked with Trichoderma atroviride fermentation broth

fﬁ%%{ﬁgz B (om) i Root 2L (mm) fif F Fresh weight (g) T#E Dry weight (g)

Dilution Height & Length  Hl Diameter Stem R ER Y i L3RSy e WS LSy HA
ratio (cm) (mm) diameter  Underground  Aerial part Total Underground  Aerial part Total
1x 1.58+0.64b  18.88+5.20ab  1.03+0.21a 1.04+0.16a 0.16+0.07a 0.10+0.03a  0.26+0.08a 0.02+0.0l1a 0.02+0.01a 0.04+0.01a
5x 1.82+0.59a 16.41+4.31d 0.9940.18ab 1.04+0.17a 0.164+0.11a 0.10+0.07a 0.26+0.18a 0.02+0.01a 0.02+0.0l1ab 0.04+0.0la

10x 1.81+0.57a 17.14+4.29dc  0.99+0.22ab  1.03+0.17ab 0.16+0.07a 0.09+0.03a  0.25+0.08a 0.0240.0l1a 0.02+0.01ab 0.0440.0la
30x 1.73+0.48ab 18.22+4.36abc 0.94+0.21b 0.98+0.18b 0.16+0.11a 0.08+0.03a 0.24+0.12a 0.0240.01a 0.02+40.01b 0.04+0.01a
0 1.87+0.55a 19.26+4.91a 0.95+0.20b 0.98+0.15ab 0.17+0.06a 0.12+0.11a 0.2940.13a 0.03+0.01a 0.02+0.01b 0.04+0.01a

R 4 REAF KRR T B4 K B

Table 4 Effect of Trichoderma atroviride fermentation broth on seedling growth of Artemisia annua.

i Root

5 Fresh weight (g)

-2 Dry weight (g)

fﬂ%ﬁ’& Y (cm) : ZHL (mm)

Dilution Height  Length Ml Diameter Stem R ER Ay i Ly =gl WSy by B
ratio (cm) (mm) diameter Underground  Aerial part Total Underground  Aerial part Total
0 192+0.75a 17.75+4.75a 091+0.19a 0.83%0.15a 0.08+0.0%9a 012+0.05a 019+0.12a  0010.0la 0.02+00la 0.03+0.0la
1x 1.184+0.64c 14.7345.57b 0.86+0.20a 0.81+0.22a 0.02+0.02b 0.12+0.14a 0.15#0.14a 0.01+0.00b 0.01+0.0l1a 0.02+0.01b
3% 1.51+0.68b 18.58+5.37a 0.89+0.20a 0.80+0.25a 0.06 +0.14b 0.09+0.05a 0.15#0.17a 0.01+0.01a 0.02+0.0l1a 0.03%0.0la
5% 191+0.74a 17.574#5.43a 0.90+0.25a 0.87+0.19a 0.04+0.04b  0.12+0.07a 0.16+0.10a 0.01+0.00b  0.02+0.01a 0.02+0.01b

M5 AT, 8 4-5 HEHR RGO B RR K
WEiR 2244 5 g B A, Hbkm . TR EEE,
H BEFE . MU FEL M BT ML R &

fp e, ST E W TS KA BT 0.5, 29 22
AL )(P<0.05). FPETE 5 H KR 224k 5 g 4b
AR SIS AT IRAR EL, BR8N T 22.73%,
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NEEEIIN T 33.72%, Hb EEEFEIEIN T 17.58%, Hi
FHEEK 46.67%, M EFEIGK 18.6%, ZEAHIY
£ 11.48%, HEFHIEK: 16.81%, S EEE I N T 25.49%,
ST EEK 31.94%. W] WA & IR SR SR

R 5 RGBSR A L2 A3 4-5 A4 B m

R 224K 5 g A Hoih bR 45 H R R rIAE K
TR RIE BEPRIEEA, HXTH R
AR VR Bk 305 B K HR B 22 4R 75 EA 3|
—SE NP5 g ind. ) A REERFI A B A HEAE T o

Table 5 Effect of Trichoderma atroviride mycelium on seedling growth of Artemisia annua during April—May

Fﬁﬁ@ W om) i Root - S (mm) : fif 85 Fresh Yveight (9) : FHE Dry?f\/eight (9)

Mycelium Height & Length  f Diameter Stem R RS it b3y ISl LU R L) syl

(g ind.”) (cm) (mm) diameter  Underground  Aerial part Total Underground ~ Aerial part Total
0 3.05+1.15b 26.3046.27a 1.1340.28b 1.0940.21b  0.26+0.15b 0.26+0.12b  0.51+0.22b 0.03+0.02b 0.04+0.02b  0.07+0.03b
0.5 2.6440.93c 23.86+6.44b 1.16+0.22b 1.06+0.18b 0.14+0.11c 0.21+0.08c  0.35+0.17c 0.02+0.01c 0.04+0.01c 0.06+0.02c
2 3.1440.88h 24.1444.64b 1.1940.20b 1.13+0.15b 0.23+0.13b 0.26+0.09b  0.48+0.21b 0.03+0.01b  0.04+0.01b  0.08+0.03b
5 3.7440.90a 25.80#5.04b 1.32+0.24a 1.21+0.20a 0.35+0.18a 0.30+0.11a  0.65+0.27a 0.04+0.02a 0.05+0.02a 0.10+0.03a

MFE 6 AT, 4 DNEFEMPE 7 HH&H% 5 g
R B 22 AR AR TR, st b3 o 5 B2 556 R TE B2
FMEZR(P>0.05). 7 HANE &R LA 1)
15 S b 8 B RN O IR B3 2 R (P>
0.05), (HIMREMTEEIELAI(P<0.01), HEPk
2.5, 5. 7.5 110 g W AR AbFE A5 4 e 3R 25
i 55 43 5 4(0.26540.067) (0.27020.057). (0.255+
0.069)#1(0.263+0.105) g, i 100 mg & & AL HE )
9(0.68540.274) g, /KX HE[1)24(0.25940.105) g. 9
HEERIH 5 g B22Ak, 40 B i
[(0.20040.077) g]FNiE KX} fE[(0.267 +0.113) g] L&
7 57(P>0.05), HKEZEKTEAMELAHEM
[(0.77420.379) g] (P<0.01). ixX 7 B R ¥ B 24 44 %o} 75
SRR BERREER.
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Table 6 Effect of Trichoderma atroviride mycelium on seedling growth of

different varieties Artemisia annua

sFh Cultivar

%} Control B £24k Mycelium

#54 0.13+0.021d 0.14+0.03cd
#23 0.1540.04bcd 0.17 +0.04bc
#200 0.2140.10a 0.21+0.08a
#160 0.18+0.05ab 0.21+0.07a
» \/\
3 Wig

AR TEEE AR, W EME 70 2 23 Fk
WAERTE, DUBRIE 8 Hw s, Hh Ao
VIR - BRIRGEREZSN, HR N AR R WAL
AR R FCAROE™ ), R ik IR G B A N T
LA IR TN R

st R BE RRR, REE R KRR
1 = Z5(Trifolium repens). 232 #i(Lolium perenne)
(A R ZE A K BRA RN . AR5
H, IRGRREE R IBBON 75 78 b1 R 2 AT 5 5 4
YER, Hox HA R fa 4t AR KA i sem . iR
2R B R VBON T W A AR KA W A A
R, Mtk T AR 8, B R R A A 1]
AT F IR G OK B R W VR A R E B O
(Coptis chinensis), SEUEFEIET:, 1HH #IAR LIRSk
AR B R IO 5 185 A i ) 7 22 B4R I
FARIE . IRGAREE KR EERA IR 4F
Y5 ZER A — otk R OO HLRR o A R 2
WAREERI Y, V577 SRR BRI SEZ
PRI 2R RO o T AT ARV HP A 2 i 40 5 7
FhF R ER, WA BT,

REARBEEANEZ M EREKKIEN. £
4-5 J it IR SR A 35 R T B 2 AR 75 1 0 i R A
AR, 7] LUR (2 AR AR AT
YRR R, HAA —ZErREA8. BE7 HM9
H ., BT 22 44 it FH 77 2ok B RRdk 10 g, HARAAE
RZIA ., A4 5-6 H RN ZT, <iR&EH,
Y BRI S S R R AR R A K
1M 7-8 Hs& 35°C ~40°C &R S, 9 H BRI
A FRE, (HRNEAZ, Bt 7-9 H Lifm, L%
T, IRGORE W AT REMKAET:, RGN, itk
HEWT, IRERAREE B 22 AR08 v R A E 2 T
FOE BRI AR AR SRS B SR I, A2
WA S S H TR AT S HRAE IR WIkE
HAMERE SO TRAEMRESEE. Bk, K
TPRUEBEARGE T, IRGART A 2= R &, N
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