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sebiferum (L.) Roxb.)w #81® ? {5 » &fdw AP L £ -+ "EE T4 £ %



FCE A NG ARBE P18 2158 2 28 « K 1T FGlomus
etunicatum 2 & 2 49 % g (Bradyrhizobium elkanii) 8 € #4648 L A(Acacia
confusa Merr)w A10M * {5 » & fAv B2 & ~ P+ HWE L2 R Z G0 EA Y
s A FEAEH 0166% ~ 285 2 9.8% (¥ 10t 0 2007) (RI13) - £ #e 47
(Elaeagnus formosana Nakai)# + 4% f# %< 48 712 ffjFrankia 91 * 1% » # 7
AR P REELEZGEE ARG ARREE 24T ~ 258 2 298 (£ %
% 0 2010) - 2 #4%-(2012)# 48 %t 2 A2 A 2 *FFSuillus bovinus»t /5
¥>(Pinus elliotti Engelm.)% 4 4 = ¥ #»(Pinus taiwanensis Hay.)u A % ¥
R A AR Ty Ahd K REFOEGETY o MR I RN 2
FPhialocephala fortinii g ' # +>(Pinus sylvestris L) A 4338 % 25 =
F1e > & B ¥ B % A ch2 £ (Otgonsuren and Lee, 2013) -

<l

o ———— et —————
zelk 0 WD1l6 .1lmm 15 .0kV x200 120um

e
zelk 1 WD16 .3mm 15.0kV x200 120um

>
3

30,

Bl12 #7484 F1? FGlomus mosseae i & & A 4330 & & 2 fi
(37 i=48)
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R 5 R Ge+R
@13 )fE M’%—TE’ AEBEF AT RS R 2 195 EL0B Y
£ A (E % )
CK : #ff e ; Ge : $45G. etunicatum ; R : #48B.
elkanii ; 4%4&G. etunicatum 2 B. elkanii

(= )#’ir’% WOAHERBREE R Ly ABRBRAREAY S e 0 T RS

ARRBEEAGE BT FFEDBL P LEY W AR

%i&ﬁé o5 ¢ F§ ) 2 FPhialocephala fortinii=a) = gF3ts » 7 Mk g v A
en /i 14 (freeze tolerance) (Otgonsuren and Lee, 2013) -

(Z)H e o AR bt ARAS T AL 2SI ARG g R
! %_,’:}‘}};3 Fa A Foenguls o ;}gﬁ_ﬂ 4 ?}’%‘J *Eﬁ%, ¢ & 5 3% (Pisolithus
tinctorius, P.t.)»> 4 48 = E 2 4p LTS A e300 BEEE M By ?,;fzq.-;?;
s T (F Pz 1996) - = % (1998):0F7 7 Aot 0 BAE AN A
G. mosseae*t % 4% 4 (Paulownia x taiwaniana Hu and Cheng)w 4 » ¥ 12
% 14 @ 2 198 5 A (Meloidogyne incognita Chitwood)s % & - 47k 2 %
(2001)e0F7 3+ R o P 2 (FR)FIR DR 0 R IEE S R R ARG T
T RAIIMA 2 FUHER o

() e A2 BER ARAE e AL 2 7 ko AP EF -
Fyaz g FREHAIBER o 37 LLF(Q2005)F B BT 0 £
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(Macaranga tanarius L.)4& 44 # = 12 FjGlomus mosseae 121 # 5 - H 2
kGO @ FHFFAKMEE; Tt ¢ 3 (Mallotus paniculatus
Larmk.)4& 48 # = #12 /A scrobiculata 121 * 15 » # 385 sfi& (proline)
SRR E ERG T FIOMF T AREY -

I~ A FIERT A L R thengk g &k

1989# # 3 AR A MR T EMFHFHR 2 H > L HEEFETI 25 P
(Pt.)srmezk 2 (Pinus luchuensis) Fji ™ 2 A #efdF dndfe e & Hx > K60 " & -
AT A RERA I A EPLERE L LA o gL % (1997)
Al R EREH A ERHR 2 o A R LR ALK we e
2006 2 P R RAMGRA D HERTERERH LR ESHER
FIWo B G RMEL 4 %A (Alnus formosana (Burk.) Makino) ~ 2 A fr+&
(Casuarina equisetifolia L.)# H i 2L 3tfa = B2 - &7 2 2 (2014)* 4 s 5 1t
Fok® #Se g RO T 8% ET 0 BEE I F1FG. mosseaeshd R -
LMHE FREAPT RS RIEL L RONF RN AREY BT Y
(2014) s 38 10 E HpF7 3 F 0 A E I F) 1 F)Glomus mosseae s & ~ kA
(Fraxinus griffithii Clarke) 2 = 1% (Melia azedarach L)% * g 3 £ % 2A/i54 £ &
B BT AREY

R s Piad  FiHRA3 B2 HARAI A TR 2553 L57 -
Marx£2 Artman (1979) 08 7 # 3R > 42480 2 A AT ¢ 2 8 #3040 &+ (Pinus
tacda L)BFa @ HA) b2 1> ¥ U R FFHR 2 FOR ESHRSEF 2 B4
few A2 RAR e BERAINZRE v £ TR HRRKRTEP B AR
FRE G A - B ihd 2 PIAEG e h EF 2 4 £ L RMEF R A3
fﬁ—g (Harley and Smith, 1983; Marx and Cordell, 1988; Le Tacon et al., 1988;
Lalonde and Piche, 1988) -

2R B kA F AR~ g # B ¢ o (US Department of Agriculture, Forest
Service, Institute for Mycorrhizal Research and Development (IMRD)) 3% # »* 774 42
dEBEFOFEFIRSZFEBREN DI EEFEFAFEFILFFR - HER
Zo@fx B B A2 BaiisF b & g2 (Schramm, 1966; Marx et al., 1984) -
Marx (1980)rdx % &2k 4 2.8 & /1 B (pH 4.8-55) » 4v » R fe 33 & A1 APt
FOmiEL AR @ AU L NIRRT > REFE A WLE R R Ak
B A T o FELCOBRBRENIO LhE 5 A F 0 P FIEE-R RS
(pH 4.5-5.0) » C:N=55:2 & 4 B » d&fd3: £5-78% 7+ ¢ * (Marx etal., 1989) -

GBI R FIEE T 4t 4 LA R AR IS 4 B A R R
AL F o B AR A FRF TR P DA G L st
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S B HRA ﬁfaﬁ%’;?#ﬁﬁ‘#ﬁw}%ﬂi
FE kO FiERS sy BRLET FIERB Y B A R FEE Fid
BRI 2 en A T ARG g S B A o A T HRB R AR o d TR
WS PAEE > 2B PR R R A e ARk AR T T
BBk R 2 A4 > 77 WEaBHRE B 4 TR - KA 0 A feddtks ¥ %
B bk BB B 5 TR S PR o WA e
(= )F AR ENEE R RE TR g Gk 7}@1 R
fﬂmy T ,¢,~ _;h“\% »”Lﬁmbq v Av\,%;g;g E oA e i*#ﬁ.ﬁéﬂz * ,__é._g—
1 R o iwﬁﬁﬁﬁﬁmﬂwﬁ~ﬁg~»ﬁi%e%%%
A R F o dpa R e
(2 ) B R R e G E 0 F xR A B EFRG > BEFNF Y 0
WREHT MR EEREL BT S FOMRER
E)RARDEA R FY ARFALEACEIEF TR R ’“iﬁé_#ai’%? 5o
e 8 AT £ A T - T HRE ARFRAR DT
A HELFBM-E L DT L8
Oﬂkﬁﬂw THITEY > PEAOARARARNL Z L L c ARy Y A
RF R FENREE AT A P E - ARFAOERALZ &
ﬁ<ﬁ~$9%ﬂ‘%wi AT FREDFIL > RF AR
EVE I
(T)RARDEEE B* R ROEFE S P R 2158 ",ﬁ% TR AR IR
AFREEF L2 B R RIS RATI T R E F A
B PR EARARR LR > BRPAREFOES o 5 AR
AZARG S % RARY 50 dop BB RS 4o 5 e
¥ o f?}fé,ﬁ‘::}%—?fé}%rié’ FRIEF Lo AT UAEL AH -5
L

W~

“

ﬂEt
. E‘G s

3t

jOORER
““i‘g‘}fﬂ ¢ RIIEE- FemE 2R pﬁ?‘?ﬁﬂi—g%%‘ﬁ%&ﬁﬁ
(alginate bead)r’ c FSAMEI B BROBRER R TP FLEE
FHARAR T KRG S FFRPE T IRES RN DG AR
P ks R B FEFERFOFRSET 5 2 QTS kR o

(= )R * ##|(agrochemicals):— 4@ 3 - d * Gikw Flep AT Fick R * &
FRZ LB RGPS A A2 1530 cmenFRE o A BB i
B B 2 A o BACER]D N AL SR (A iR IE’,(BenIate) >
*?r*’(Trladlmefon):h) §Frdl FHR s T o imd g drd| F s T
P B 7 B (% 2150 ppm) e o 2 i * 4 % & (herbicide) >t A+
TIERGURR S R) S GRS ARESL AR T -

=)u 12 e R BFRES Y e Pl 8 X DF SRR FF
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YRR CAMIBE S AEAT e £ 0  BRBEBE R A i
)~ mAZ s~ & 2 ik h%) 4 (phytotoxic factors) kA I 0w
* % eng. 85(Grove and Malajczuk, 1994) o bl4e » & #3514 g Eid A

FOALRACE PR -

(M)id T £ AR AR S 20l > T AR B A B AR A 2
£ 4 mofe s IGEY A S A RBEET o X RETP A 1 g ke FS
RS TR L N LY k1 ?ﬁ%‘—@‘%ﬁ'ﬁv&% ° "vﬂ’«rjﬂ VR R
ﬁmﬁ%&*’@@iio%ﬁiﬁiﬁ% R R A F
e &k B ket SR e A E NG ‘“hﬂ 1tk TalE R
2 FNAT R A FARE D R F ik A4 o

SRR AR AR T R e

FIIRE v FIv o (T8 > 7 iRsey A and £ 8T - 8 % Hi 8 et fe
Fopit e FINF @ HEEY > 7 IR F @RS ST G A L £ T 4

TEFARE L FURT BB ARHE ,__ﬁ-\:k FFRF R ™ adsh e ERtk
I A 5 A e e T ow R BN R E R e WR AT
7| B ik
(C)FRED L2 FTLRE R I HAEZ 2 FIEE N A FRE X B
PHEEDBERGEHAEL L ANEE M LA FARE Tfi'?.ft 18 -
(D)FEF %2 ARFAAREF ARBAN AR > 1 &E L £ Hemt
B AR AL B AR - 2E2HER -
CFFARARABRLRA2 EAHNFAE L AR AR AR FEZ £
AP TRFER I FIEFEA O BT YT W R @R EE
()= HAFARFAHRAEREN 225 7 8 TEEAHA AR FAZ IR
o NIRRT -
(T )esithA %ﬁ%ﬂﬁzﬁﬁiﬁ_@]:igﬁ—ﬁﬁi w S RIEEF 0 FAE LR E T
R AR AT W L 0T 0 dR iR & anggietn e o

E‘l’(

& 3

f

mEHRA LAY FARFZE 7 EeFHR A admg c B A E & A
Btk A B f o RS HASER NG 6 SRAVKE 523 2 4
BEOREFIAL AR B RFEERCIEFRTOELABE - L EFS
Fenk A #HF 2 5d ARG S 7 4 (Courty et al., 2010; Cairney, 2012) -
%xﬁﬁﬁé%@ﬁa%+a%ﬂméﬁ*#ﬁﬁ’*aﬁ#**m*#”“
(biofertilizer) o o ** 4k A end EHE > F B I FERYF 5 £ 4 > A ppip v F
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RAfp IS PR RLF B EE G RBEEHADE EFET o ke
Fliny o T EHREPEL 1 7 g A ST E R Fgfhenapre hu Ay
Fapthe AP ¥ a3~ 242~ W E ~ ¢ F > 40~ 535 dp 82 Dicksondy
BE o RFRETADET - FF L APFF LR ARPEL PR AN
B hst A p ALY s R AR PR L FP TR EE 10 4 f
BEARA A 3 BE S aFRRAL AR ARE &2 F F BT ARG o 47
v R RN T F TR G R AN 0 EE R LOER FRA T i
F A A By AN YL ﬂj]‘f"l N UFDFF o pRE o BEAFTRL m,;ﬁf!*’
WREFHRRB R FEF oL LA RIEAEE B2 oHAFIR- LA g
EAF D P HEREEZ 25 SR FiFRROPE -

ARPELAHARRDEY L 0 FREAR cAPTAERSBLHEL
BHEEDFI R4 R ED A2 FRHE A f?]%-”'ff]i A ANE A FE
§ ok FIRARRE = BRI & AR FAKS BAA AR BEF &
AN AEA  E 2 HE Y FEERA AN A iiﬂv%# PR 2R F B
PRAFIF o e kA h R R A FIR L et 0 ® AR T oy
B LB R -

‘E

4 ~ 3% —;—:)lf.&

3 5% (2012) A FREEAES 2 LB - ER ey AL R 2 2 REFE 2 L A
LW W2 ERNEENRTED RTRFAL T £ o

ok kR AL (1998) F AP 2 FREET FEEP o 4B R FESR 232
oo

4% 1% (2010) Frankia $f4 & 45 6 A2 £ 2 2 PP 2 2o AL 0 R
FERCEHRETFD RFTRFAL T EKD o

FMiz (1996) #2¢ & 5 iR AP LATE £ 2 R b R AR B S
3F 49:1-23 -

AP RPE 3K (1998) EEKARARL A FRBRA L T - ¢
£k ¢ 87 £ § 47 2 p. 63

FHHT (2005) AT AHESARE A 0 FE 2 p e AL L2 A TEPE
e iL®mT WX ERCERET)RTHRAL T £EF o

A P AR (2001) A AR ERP 2 AR FSIURRLZ AT M
% o fﬁ 5 € 71 10(1): 19-26 -
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Abstract

The term "fungal endophytes (endophytic fungi)" represents a group of fungi that grow in
living plant tissue during their partial or entire life cycle, without causing disease symptoms.
Almost all plants in natural ecosystems are considered symbiotic with mycorrhizal and/or
endophytic fungi. Evidence from fossil and genetic study indicates that fungi played a key
role and facilitate land-colonization by plants. Since land colonization, plants evolved
versatile mechanisms to adapt the changing extreme environments as drought, heat, cold
and salinity. Drought, heat or cold stress influence crops production and quality, and along
with the recent global climate change making the situation even worse. Recent studies show
that endophytic fungi empower plant to tolerate abiotic stresses. Examplified by: (1) the
noticeable endophyte Epichloe spp. (Neotyphodium spp.) enhance grass drought tolerance
by increasing root growth, altering stomatal behavior and osmotic adjustments; (2) the root-
colonizing endophyte Pirifomospora indica confers drought tolerance in Arabidopsis by up-
regulating the expression of drought stress-related genes in leaves; (3) thermotolerance
generated by plant (Dichanthelium lanuginosum)/fungus (Curvularia protuberata )/virus
symbiosis. Such kinds of stress-tolerance-enhanced endophytes can infect plants
nonspecifically. The host range of both Pirifomospora indica and Curvularia protuberata
are broad including monocotylendon or dicotylendon plant. Many plants might lack the
capability to quickly response to abiotic stresses by themself, and should depend on their
association with certain fungal endophytes to survive under extreme climate conditions.
Perspectively, bioprospecting of the beneficial endophytic fungi, are compulsory optimized

their beneficial function to comply the sustainable forest, agriculture and bioremediation.
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m24 R e F A4 2 3 I (mutualistic symbiose) ¢ 7 41(commensal symbioses)
B 0% - sgeni 4 p 4 E fF(Epichloe spp. » & 2+ # Neotyphodium spp.)##= 3 #
B % (% = )(Kuldau and Bacon 2008) - iz-#f s 4 93 4 & Poaceae 1 ° # 2 /f ¥
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Summary of endophyte mediated resistances to multiple biotic and abiotic stresses

Stress Endophyte-mediated response Endophyte
Drought tolerance Increased root growth; altered stomatal behavior and osmotic adjustments, altered stomatal — Epichlo¢ spp. and
behavior Neotyphodium spp.
Nematode resistance Unknown Neotyphodium spp.
Growth responses Phytohormones and synthetic growth hormones, increased phosphorus and mineral uptake  Epichloé spp. and
on, growth tolerance to low soil pH or high aluminum concentration, nitrogen efficiency Neotyphodium spp.
Interspecific competition Increased clonal growth and lateral spread: production of alleochemicals; increased seedling  Epichloé spp. and
vigor and seed yield Neotyphodium spp.
Disease resistance Unknown Epichloé spp. and
Neotyphodium spp.
Insect resistance Peramine, lolines, ergot alkaloids Epichloé spp.
Neotyphodium spp.
Anti-herbivory of mammals ~ Ergot alkaloids; and lolitrems Epichloé spp. and
Neotyphodium spp.
Tolerances to heat and low  Unknown Neotyphodium

light intensity
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3 Agsaoa< R (B-+ =) (Redman, etal., 2011)

Cultivation time: 144 hrs

Control + F culmorum

B+ - ~ #&4F. culmorum= % ¥ > f&u B+ - ~ &4F. culmorum= = {8 > £%
4 £ P OAE X P LE (B 4 aan) AEEPR AP ED LT
RE (B + dT)
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Treatment Biomass (mg + SD)
Mock (Control) 0.062 + 0.007°¢
with F. culmorum 0.105 + 0.0042

Survival rate (N=60)
100% 100% 0%
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