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Abstract: Endophytic fungi are microbes that live asymptomatically inside plant tissues. Accumulating research studies
suggest that endophytic fungi have a fundamental influence on the fitness and competitiveness of their host plants. Here, we
surveyed the species diversity and community structure of endophytic fungi associated with the seeds of common ragweed
(Ambrosia artemisiifolia L.) , which is a notorious invasive weed belonging to the Asteraceae family in China. The main
objective was to document the distribution of the fungal symbionts and to determine at what point endophytic fungi affect
seed germination and seedling development in common ragweed. Endophytic fungi were found in all common ragweed
populations collected from six study locations in China, with fungal isolation rates ranging from 19% to 92.63%. Yet, the
isolation rates of endophytic fungi were significantly different (P < 0.01) among all six locations, with the highest isolation
rate being obtained from seeds collected from Langfang City, Hebei Province. The endophytes in common ragweed seeds
were predominantly isolated from involucre, with the isolation rate reaching 65.52%. The fungal isolation rates were 21.74%
for seeds and 18.18% for bracks, respectively. Five fungal genera were detected in common ragweed seeds collected from

Changle City, Fujian Province. The most frequent genera of the endophytic community were Alternaria and Fusarium , which
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accounted for 82.26% and 9.68% of isolates, respectively. Three genera were indicated as rare endophytes in common
ragweed seeds, none of which exceeded 5% of isolates. Our data indicate that endophytes from common ragweed seeds are
horizontally transmitted to the next generation, because no endophytic fungi were detected in newly developed seedlings.
After determining the fungal genera and their relative abundance, an experiment was conducted with fermentation broths
from seven representative isolates of common endophytic fungi that are present in A. artemisiifolia seeds. The germination of
common ragweed seeds and subsequent seedling development were inhibited when seeds were treated with fermentation
broths from seven endophytic fungal isolates. The germination of common ragweed seeds noticeably declined (P < 0.01)
when treated with fermentation broths of the seven selected fungal isolates. Fermentation broths of strain AM-17 and AM-8
had the highest inhibition effects on seed germination. The germination percentages of seeds treated with strain AM-17 and
AM-8 fermentation broths were 14.92% and 17.11% , respectively, whereas the germination percentage of seeds treated with
water (control) reached 86.52%. The experiments also showed that the growth of common ragweed seedlings is inhibited by
treatment with fungal fermentation broths. Four out of seven fungal fermentation broths significantly (P < 0.01) reduced the
aboveground stem length of common ragweed seedlings when compared to the water treatment ( control ). Strains AM-8 and
AM-17 inhibited seedling growth the greatest. Six of seven fungal fermentation broths significantly (P < 0.01) reduced the
root length of seedlings, while all fungal fermentation broths significantly (P < 0.01) reduced lateral root number. In
striking contrast, lateral roots failed to develop when seedlings were treated with the fermentation broth of strains AM-17 and
AM-8. Five out of the fermentation broths significantly (P < 0.01) reduced the biomass of common ragweed seedlings.
Seventy-seven percent of seedlings were dead after treatment with the fermentation broth of strain AM-17 for 5 days. Seed
survival was not severely (P > 0.05) affected by fungal fermentation broth treatments. Seed viability analysis indicated that
most seeds (50%—87.5% ) were viable after the various fungal fermentation broth treatments. Our data demonstrate that

metabolites produced in fungal fermentation broths do not facilitate seed germination, but did not kill the seeds.

Key Words: Ambrosia artemisiifolia, endophytic fungi, community, seed germination, seedling development
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Table 1 Seed collection locations and habitats
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ITS4 :5'-TCCTCCGCTTATTGATATGC-3" ,1TS5:5'-GGAAGTAAAAGTCGTAACAAGG-3’, PCR WK Z (25 pL)
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AN T 5 AR B9KBE 4 B 51 bk RS F I8 s R
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common ragweed seeds in a site of Changle city of Fujian
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Fig. 4 Neighbor-joining tree based on sequence analysis of the internal transcribed spacer (ITS) region

1RG5 EH R R T TEEY 1000 K Bootstrap F 4ME, 155 419 GenBank H1F SIS

T2 EH AM-17 X BT 408 £ KA RN

Table 2 Effects of strain AM-17 fermentation broth treatment on seedlings of common ragweed

B R SN R PR IR FALHR
Fungal fermentation broth Total number of seedlings Number of dead seedlings % of dead seedling
YR CK 44 0 0
AM-17 44 34 77
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Fig. 5  Effects of fungal fermentation broth treatment on

common ragweed seed germination (average + SE)
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Fig. 7  Effects of fungal fermentation broth treatment on Fig. 8 Effects of fungal fermentation broth treatment on root
aboveground and underground length of common ragweed number of common ragweed seedlings ( average + SE)
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Table 3 Viability of ragweed seeds after fungal fermentation broth treatment

ENCV-SiRE

L7 . Number of ungerminated Rﬁ%%ﬂz SEFPF- LU % a‘ﬁh%ﬁ ?ﬁfﬂb?tt{ﬁﬂ/%
Fungal strains el Number of dead seeds of dead seed Viable seeds of viable seed
XTI CK 14 4 28.57 7 50
AM-6 39 9 20.08 25 64.10
AM-8 86 6 6.98 65 75.58
AM-17 85 10 11.76 60 70.59
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bk ABEHTH FER TR GERNT Hfol/ % ERT A ERIT /%

Number of ungerminated

Fungal strains ) Number of dead seeds of dead seed Viable seeds of viable seed
seeds
AM-22 71 8 11.27 53 74.65
AM-24 36 8 22.22 18 50
AM-29 41 6 14.63 21 51.22
AM-32 93 5 5.38 68 73.12

x4 MSEFRERFHRERBRMFEN
Table 4 Viability of ragweed seeds after fungal strain AM-17 fermentation broth treatment on MS medium
itk Fungal strain AW A TFEL Ungerminated seeds AP TF4L Dead seeds TG FI T4 Viable seeds G FIF LU H/% of viable seed

X HE CK 23 0 17 73.91
AM-17 24 0 21 87.50
3 it S5%ie 0.0035 | o .
WA e R T | |
REBFHR TR PR IEE > LR A LIS, \é 000251 be be
IR M Bl B VR Y A R N Atk B 00T a
PR EE I AT, I rp TR RO RCR R R RO % 0.0015
Fhge g b 72> AR MEAE Y B9 M, Shipunov et =2 0.0010 -
al. LW T B 45 2k 4244 ( Centaurea stoebe ) J5U5™= L Fll A 17 0.0005 F
HRRHT N A2 LRI 22 5 S0 BT Rl T N A LT Y A A oA LD
IR, 25 R 26% W BE R EHF T EANER © z 2 % %' %' %’ %
B, — SRR AL B — P BB BT Y B — B Vg 2 O Bk Endophytic fungal strains

RN EITIY ARG 5 FhNESUA SR B9 MEHEEEBRLENSH S EMENRMIHEARMER)
R AT AR T P94 BRI RF S /2 A Fig 9 Bffects of fungal fermentation broth treatment on seedling
MR, 7 A FH, 45— Bl P94 ZURT RO ARG (< biomass of common ragweed (aerage + SF)
16% ) , BI¥AT BT K A 38R 2ECY) . Rout et al. 247 FEARIE B ) B R R KB 2 B A Wi 7E 0.05 kP B8 3
T A= 2 (Sorghum halepense ) P3 A & 040 1 XF s 2 A
(RASE I, PN A 20 BRI R 8 AR = A B S PR R 20 KoY P A BRI 43 1 2 SRR B XA LY
T frh A KA W N A B X SN A B A T AT 65.52%) 4 R IR A — E 1 53 A
(K 2) s REBUKFFD bt 2o g 3 N 2 BT (0 N AE BT A9 SRS SR AE AN [ b X 22 8] 22 57 B 4 (19%—
92.63%) (& 1) o [RIUL K 30 - P KR A St A A K SR T A T L, AR A R T A Rty 9 2 LT v v
B S ) A BRTRE (17 82.26% ) , HeR Wikt ( Fusarium) BLB (15 9.68% ) s Hots I LB MIXT 52 (KT 5% )
(1 3) o XG5 IHFHA N A R EE D BORh ORI T — ARy LA IR AR (R R ) 1Y
JEEA AT 1% 1 (R R T AR Al e R AR SR X — WL IE AR ST 45 SR T I, LUK RS
R i A PN A A B 5 R AR R e e kb Bk N 2 B IR IR SRR
S MUNERDER RS IR REE L oK KRS R MR PP B R R SR VR 22 KB RN T A A B E RN AR
T, Tt B e ) SR e w150 4 R ) R AR AR o - TR A 20 A1

I A S E AN ITS XBUFFI 0, KR N AR ELE R By 5 AN s, 0 2 BEas 1w i 1) (AU
L08R BAER N Stagonosporopsis J& , HrPAERS R R I B AL R, AR BN, KA TIKE MY
BERS AR BT ITS P3R5 S F KB/ E, 7] 43 A. arborescens ,A. tenuissima F A. alternata &
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3AFHE, (HREMRGEREMAIE 3 AR BIRIER — 208 b, FH xDNA ITS 73K AN BE A8 7 4% X 7 (18]

4) . VR, 7SRRI AR B R I I R A A — i ™™

JK B BB Y — 4R A R ), HORP R 7k 58 A MO TR A8 AL R . WIS K B b~ AN RE R 2F
A4 ZE N FER R A RER 2, Fh 7O ZURIRFFEE Y BRIEH WA BsE T 00, sh i dili & ik 12 5%
Sl IR R TR R R L (HUR R KR b O R A L A% TR R Ak B R R 4 4T
A i e JORR A 18 1 23R 100 P 4 R R JU e A o TR A A S S 0 R R 1430 R = 2 K
¥ (Ambrosia trifida) , PP~ 0 2 B 1 19 F R X R A0S FIS A KRS S FEE | K 3R T 2R A 5
TRTE 4%—T4% Z 8], AR X 22 5 25 (R RD PR T R B AR AR E— 2 1 o 0 30 o AR AL 1k
A= R IR FERN I BARAE T HRTE AR WARGE . ABFSE BT 09 7 A P9 A= BT TR 38000 TR 2 T T e T8 o
T R, A R TR R A R RO R TR AR (1 5) bk e AR AR AL A W AR AR TR
FERMHREH(E 6, 7, 8) . Hrh Tk AM-17 A BB K E A+ & 28 A AR R A1 A 9 1 g 4
HIVEFIBCON IR, Bk AM=17 ALBRJS | KB 4 27 U 14.929% (X IRELIN K28 50 86.52% ) | AR FIAH
PRI S A 32 317 5 B4, B8 238 A bR RSB T, 3K S0 45 SR I N AR LB AT BB SE A 7 A A (B L)
A W A HEAE R 5 R B  AS [) 09 A A= LG i AR 2 e AN R Y o 7EBE SR G2 it o vp A
SRR ZE T UL Y 2 , P A TR A TR 14 B T L ) 1 i LR A | L AR I T
PRGN THFD T LI

Tty N A BT 6 1 AR B9 PR T, R BORT LR BLAE LR JLAS J e 1, AR 8 08 AR 89 98 J T (latent
pathogens ) , £ — & 2 {4 N 30R0 T 12 gl 1 14 A IR B8 5 G 2 2E F 55 15 07 19 JR 85 181 ( Botrytis cinerea) '™
AT E KPP T S B R AL B8 ( Fusarium verticillioides ) | 5 W 8% ( Aspergillus flavus ) B3 VE NSV, A
PUAE R BRI A P P4 1 = 552 13 L pa A a3 im0 R AR A T ORI R AL T
TFE (Acremonium zeae) "™ ;3 A HAT 850, 7= 28 B B BB AL A 1 L S W FD (AR | sh i
WA ) B A AT 18 BRI AE AR RN L, A0 A TR 2RO A B B R B AL TR ( Epichloe) (TTtE
A : Neotyphodium J& ) WAEEE ' ;4 MRS , 75— 05 0F FIRE ALK BRAFhSE (SR B2 ) s ik 4T
FFIKIR, B R TRFRI86 &, &k A THUEN A 2 ( Opuntia streptacantha) R EMERED AT
FAR R  BNEEFRFT WA R E A& M AR F L By 7 AR N A SRR,
R T AR 12 A [ A e 0 i KR 1 (9 W 5 (HR B R O b - R 2 B FRTG (R 3 R 4) . CAMBERIER
5 S50 5 A S5 1 R ) 1 — A TR B R AR ORI AR T LA R A Y SR T R P R R
— 2 AR SCRIF TR ST, FA T DA77 Kb 1) P9 A L T I 2 M b 70 AR AR 7 J P =2
— XA EA S A T B A TR

PP R4 1 R A 305 s A SR B, 32 A R AR A W a4 B i 5 Sk I A 2 1 S B A o
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