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FOETARARY, I, R P B AR R B MaxQ®
MaxP". ARIFIAR37% it N T el i%, Ao fh
T FF (Festuca arundinacea) M1 Z24F-H: B2 ¥ (Lolium
perenne) PARAFIL R A, TEFIPE 4. B WRAHE
FI1SE [ BRI AR, e R R B P 2R FU IR
PP R A B M) R RS T R T ORISR,
IR I AE N T AT AR B M2 1k
filt. 22N KA ZAELL T, TideiRas 1 a N AR B
B PUER P 24 R R -2 R, 2 E N
—RE- A BRI AR, 20204E T RAEIEA
] GO N S SRy it o X et

Xof SR A T 22 M IR 2 15 e b R il 1) B R
(Hordeum brevisubulatum)W "= B (Epichloé bromico-
laybit5E e IR, HAZ DL KA J5, FIA i TE F2 A M
P A B b WBE 1 PR 28 v S A e A i
—— P Meperaminef & ALK, AN S XFEYIA TR M
KA IR S S R, A, TR P R
R Epichloé NHE BB, WA W THERN N A E IR
P 95 22 SimpsonZE A\ PTG K IR, Epichlos2s R
AR LR 2 5 R AR SR OC R BUR I AE
Vi, SRS YRR AR, R, AR SR
SR SRS G R B WA ES K2 A7 N L3R, A1
HIEF KA N HHE. bromicola- K2 FAp i, N i i
FIARFE N A R — 0 R B IR G MR i VR 1Y
ARG HURRE L RIHET R B HEB AR S AR K
P&, RIS N gt—EWF9RE. bromicola- K2 3 F H HE 5L
Tl b1kt

1 AR Tk

1.1 SR

KREFT: ¥iRZE 15 K K3 (Hordeum vulgare cv.
Yangsimai No. 1), WJSEFVLIR 1% 5 e pRapfb TR
AIRAF. S5HF 1S KRFEH vulgare var. nudum cv.
Chaiging No. 1), B H &R BF#BEfAL.
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1.2 E. bromicola- XZ&H kgt

WAEERHEM: (1) TR EGIR. mHaRE. Kb
Y EIH R I 1, FH75% RS G 385 min, T

K hPE3~57; FEFH10% NaClOWE IS TES min, JCHK
WYE3~SIK; BRAL B AR T BT O R ELE, KR
TR B AR FRLF AR, BT /K BAR RS
FH(30%), THHIRIEFRA(2542)° CAMF T BE
5~7d, BEFRMARK QAL R AIRR, SRARKETLHE
. (2) #Fh. Z%LatchFChristensen 71, HIT
RITHERZZ oA LA Y)2~3 mmv N, R ES R
(T 22 (N 2E BT T bR TEPD A RS F5 31 323 i) 2 A5 1
b, BT N TSR TEIR(25+2)°C 444 F B 55357 d,
SRIGTEMEI25°C, JEREEREE 72500 LUX. St HRHTE]
16 h d™' &M F 37 d. X BTG AR JIE 4 43
A LAEYI2~3 mmvN T, ZEFIRER S R FR. 3) B8
H. KR R YRR RS S, AL SR
EIRKHE GRS B4 S IR LR T
=2:3: )R, B FRA M (2542)°C JEIRBRE 2500
LUX. JGCHEETEI14 h d7', RS 4&0F R(1242)°C.
10h d7', EEMFUEE. XHHEICE N FRER 5T
B %, i TheK.
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A= B A R RS R A1 60 d2EF, FhF s, 43
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FIRfFrf P9 A LR YA i,

1.3 E. bromicola- KZ&HRgiAe ZPEIRITY

20194F3 F 17 H 72 24N R 27 5 28 B ROl i 56 oty
HEATE. bromicola- K Hip ik, X545 1620 m,
SRR 184 mm, 1R TOCCHIAERIE3594.5°C. N
Y3+ BB R, A2 AP R (E. bromicola-} K3
HFhE . E. bromicola-#R R FHiFN i) S 245 B R4
PR KA . BRKRAZ). RHIBEALIX it &—Fh
R—/NX, BEANXFP3ET, AEERN3AT, F7K 1 m, 1THR
30 cm, FEEE3 cm, ERE3WK. ANTIFEG SR, #EIE
3~4 cm. B4 PR X M A p= i A T

FERhF RGBS, BEAS/INX B LSS ORI 1 SER, I
Rt S ot M N =B ) Sy ST R UMY TE 7 Sl i w1 P
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FRAPFaE . FERKE . ERERES. R Excel
2010FISPSS 19.0#4 7L S BHE 1Y s5k A K Geit 5.
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2 ghR (3.4%), RIMINIERIKFE10148K(96.6%). Frgare kel 1,
YIRRKEEMMR I T N A B B B R R, K4

2.1 E. bromicola- KZEPAii Gkl b 2 2%,
E. bromicolaW = B E K WBE 1R HICH 4 43 DA 22 A T AP AR AR I T VR A M BE A T AR K

PLFEARLZ T (E1(2), (b)), BABAGES  (E1(c)), EZ AR T IME AR Z o, )2
KRB, HHEFRAZ 10508k, Mo, feMlidh3erk  PREZ (&), IR A, B E AR N A

Bl 1 E. bromicola WBE1 N FLIA 18 2277 K F M AR T (1473 A R A S TR 3 B B IR I VR ARAE. () $EFDE. bromicola WBE1NA: FUIR A BR
7 AR MRETCR; (b) REFNIAETCH; (c) B iy K2 -8 i A FUPR TR 22045 (d) THEmh i 2R T2 P i) P9 A BT TR 22 4
(e) FUBHHEAR I M- i T s N AR ORI R 2244 () 1A BT HE b A RS2 B b T 202 AR AT Y N A LR BRI 7 (5 SR ML = 9 em)

Figure 1 Mycelium in leaf sheath and seed of E. bromicola WBE] strain inoculated barley and colony feature of re-isolated fungal endophyte. (a)
Endophyte strain of E. bromicola WBELI inoculated sterile barley seedling after 7 d growth; (b) endophyte uninoculated sterile barley of after 7d
growth; (c) endophyte mycelium in leaf sheath of inoculated barley; (d) endophyte mycelium in aleurone layer of seed harvested from inoculated barley;
(e) endophyte strain re-isolated from inoculated leaf sheaths; (f) colony incubated from re-isolated endophyte (4 = 9 cm)
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LR V-5 I R R SR E—EL (K 1 @), (D).

2.2 E. bromicola-F¢ K ZEHh i 124k EVEIRVED
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(e)~ Hb A%t (c), (). BUE MIMELSE. *F**/35FRP < 0.05. P < 0.017KF

Figure 2 Plant height (a), (d), tiller numbers per plant (b), (¢), and biomass (c), (f) of E. bromicola-hulled barley novel germplasm (LZ+1 1), E.
bromicola-hulless barley novel germplasm (LQ+1_1), hulled barley (LZ) and hulless barley (LQ) (values are Means + SE). * and ** indicate significant

at P < 0.05 and P < 0.01 between treatments (7-test)
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M EFERK AR RBORT X, M. kg s
B RREEBCR R R AR R R BUNT XL
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FIRP < 0.05. P<0.01/KF

Figure 3 Number of spikes per plant (a), main spike length (b), grain number of main spike (c) and grain yield per plant (d) of E. bromicola-hulled
barley novel germplasm (LZ+1 1) and hulled barley (LZ) (values are means + SE). * and ** indicate significant at P < 0.05 and P < 0.01 between

treatments (7-test)

F* 1 E. bromicola-F& KEH Wﬁig‘lﬁ%%ﬂ!a)

Table 1 Main characters of E. bromicola-hulled barley novel germplasm

Pek HRR Xif iR

FHIE AFEZHCV (%) SEHME 5 FZHCV (%)

FEf (cm) 86.2+4.4 5.1 82.5+3.3 4.0

ST BERL 17.0+7.7 454 14.1£3.0 213

HRREETE (g Plant ') 34.0+15.7 46.0 23.248.3 35.7

EARRAIEL 14.3+6.6 46.4 12.9+2.5 19.1

FREREL 20.4+1.9 9.3 16.4£1.1 6.7

FHK (em) 17.1£1.2 7.2 16.4+1.1 6.7

KA1 () 12.14.9 405 9.6+3.2 334

a) VIEFR NHEESD
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FIRP < 0.05. P < 0.0k

Figure 4 Number of spikes per plant (a), main spike length (b), grain number of main spike (c¢) and grain yield per plant (d) of E. bromicola-hulless
barley novel germplasm (LQ+1_1) and hulless barley (LQ) (values are means + SE). * and ** indicate significant at P < 0.05 and P < 0.01 between

treatments (7-test)

£ 2 E. bromicola-B- K EH R £ EHRFH

Table 2 Main characters of E. bromicola-hulless barley novel germplasm

= HF T it

ik M AR FZHCV (%) SFIE AR RHBICV (%)
BT (cm) 89.8+4.7 5.2 91.0+3.3 3.6
SYBERL 20.6+8.6 415 15.9+8.6 54.1
HRREETE (g Plant ') 43.2+18.6 43.0 31.5+17.1 54.4
EARRAEEL 16.5+6.3 38.1 12.3+7.1 57.3
FREREL 22.0+1.9 8.6 20.9+1.3 6.3
FHHK (cm) 18.0+1.0 5.7 16.5+0.6 3.9
KA i () 12.8+5.9 46.4 10+5.6 56.2

a) “FEIMEFR HI{H+£SD

PN BEER, B R 2 R ok o A S A
WRIZE R (F2).
3 Whig

FFH A BT B R, SR T Ho s

T nE 2 A AR P A R
RUMCHCBER AR R, R R Py

YT I PR TR E AL, Py Ak
ZATEZFE, ATEAEY RSN TSk, EPE TN
M U 5 i A S A R AN S R R AR
(932 Wit i, W FRBE B 2 2Py, ok B % A
Rk, AR YN SZ AR FERI 45 A D B A M 38 4,
RN A H R YRR ] R T R AR, AR
P FHYBRBET 100%" . 25 TR, AT Hemhiy Jr 24k
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(L e s WIE= R i e = S Sl S RO G N S U
P BRI RS RaR TR R A

FIF A O 250 N A BT R 2 E ST 46 2 (Bro-
mus erectus), JIR[FE—FERRIEFP PRI N A B {UA 8%
ot e AR, T R RN AR N A BB AR HRE A
i ge—F A BB TR i R A
FH SR o BERE AN AN 2 B Pk 1) v S 2P A AR
W, MR A3% 4%, mEE Al K2R A
PR TR P 05 AL R T ) AR A T
T ERS N A TR 0 18 5P A 2 A A R RO R, B
IR FAN IR 1% 5%, KaurE NP F A0l 41
BHAERFRERRERE, WNAERRNBY RSN
37%~40%. AR TG TEHEME. bromicolaNA: H.
WEIRE G, TR N2%. HE5HE S5LatchfChris-
tensen'" ") FH G B 1 5 A BB 0 S A 1A 1
WSS AL, A BT E EAY Rl R s
P BANZAL. SimpsonZs NP BFSE 45 &, Epi-
chloéJBRFLNA A HFN 2 5 5 s FHEY ES R
B RHTE FAEPIS, 255 R A AR, ARF5E
ITPK R N A B A 2 5 R F RGO R
AR K22t T AR A

RN A BRI A P 22 AR JAETE T A El B, A%
FEANMLRESE AL FHCY, B 254 ST R
P22 H AR, IR0 X, TRZEBE 2 e
AT, WA A 5], H AR EARS
iy, BRER P EZ EBAMARNZE, HLMD
M. AV KNS, ZEREH VR 2 Y
PR ZZAR S A AE AN ] B, N 2 375 200 MR R A 200 e P
. BT RS2 N AR LR TR 22 R R BE, P
BRG] SEATHES . WL — AN X TR kA
KRB ARG LI, E. bromicolald 't B EIWBE1
WALV R JG, WAEmH I depBE - PATA K, 2%k
A3 S5 TR LA ZERETAR DA 43 XL TR A RE (R A
Ko M), FERGAFN T, 22 EE 5 TR
2 WA ar AT, IR ORI, R 2 DA 227
. BN ML), S5E. bromicolaW 4 B
DA 2L ARAE R R A Th i A3 AR — 3K

RENEEFERPMMEY G, 241 EAEYHRE
Za5Ab, W KA S A AR R B,
E. bromicolaN*: EWIEM E R KEZ 5, E. bromicola-
B R A2 R AT MR AN T TR A AR 1 26 7 IR 175 d,
{HE. bromicolaN A MR H LA EE. bromicola-
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W R A A B R AT, Latch5 NPBF5E & 31,
WA ELA S R R T AR AR SR O TR B R 4 B
PRI — AR A R RGN T 38%. A5 AN,
E. bromicola-F KA TR K HAN BT A 3057 BEEL
BB AR L B SRR A RO R R I T 4
5. JCHRATR T R R H R B AR AR AR K, X S AR
LA AT DASE m ERaE T B R AR 2R R e
KB BT r= &, WARERREEARMT
i TR A B K BT e 4 SR — B

KEMTE A, WA B R DS REH. vul-
gare) FIHAWAEY) ™ 5 pirk, (HIXEeqy 2 /E W] g
SxBEE MEARE S 25 TRF A8 8 FH A B A T AR 25 14 1 A8 4k
U358 B R A 5 B9 VE T, Le Coeq N RIFSY K W,
FEAKE AL 22 G IR AR 5T, A B TATE
R —ASH SR SR AR K. HumeZE APORIFSE &
B, FERRARST N A FLIR Y B B e THERPARD
A A B AR R T 5. ELE34EXTAR3T
AR1. fEERMRAAZ YN A FLR R R MR
MR B, (RYAR3TIN A B Y R A FArBERE T i
. AR YL P A L R B M RE RS B e, R
A T B A B RS I R E L. AR
T, w2 R Max P P AR B AT s HO T AR
SR, [P N A LR A R A K22 v, AR
LT 8 25 8ORA 3, 31X 5 SimpsonE AP B g 4
SARL, 3 T B B 1 oA A LT (] — R R AN )
rn PRI IS, AR BN R S A A AN R s ), b
— P AR R E R T REERIMERR, A KB, U
— AR R, REAR. WA EEAEAE A
Yl KA E R —2, BN A H R RE RS Hors
FE 4 A JE PR AR A 5.

4 5B

E. bromicolaP " FLIH BENS I HEFD 22 5 I fs £ AE
YIRS R BOERAEY) D, AR B R TR,
E. bromicolaP " FLH BEMEF HAE = Jais EAEM A
Ui SO0 AR T30 1E EAEY . E. bromicolalN
A BRI ATE R — R B IR S TR B R, — 7 TH AT
DI A Uit s, Sy — Iy al Rhs e e A
REGFI, AP AL, A NIZIRE. bromico-
la- Rz FiFh FURF SR AL T LA L, B 2 1
RARFNEEE- BT, HEHRnfeaeE TR
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Plant-endophyte associations play important roles in grassland agricultural ecology. Many studies indicate that endophytic
fungi can promote host growth and reduce the biotic and abiotic stresses of host plants. Epichloé endophytes of the family
Clavicitaceae are fungal symbionts of Pooideac grasses. These endophytes usually do not express any obvious host
symptoms. Many Epichloé endophytes can endow hosts with increased abiotic stress tolerance as a result of enhanced
growth, tillering, reproduction and nutrient acquisition, particularly under conditions of drought, cold, salt and nutrient
deficiencies and thus, have important roles in pastoral agricultural systems. Animal-safe grass-endophyte associations that
confer bio-protective properties for increased pasture persistence and productivity have been developed and
commercialized.

Artificial inoculation with symbiotic Epichloé microbes is an important technique for the creation of novel germplasm.
Selected Epichloé strains can add value to some grass-based forage systems by providing both biotic and abiotic stress
resistance. In addition, they can improve and strengthen grass physiological functions and plant vigor. The Epichloé
bromicola WBEI1 endophyte of Hordeum brevisubulatum played an important role in maintaining the growth of host grass
by promoting nutrient absorption and maintaining the ionic balance under salt stress. E. bromicola WBE1 can produce
peramine, an alkaloid produced by Epichloé species, that protects host grasses from herbivorous insects. However, this
strain was unable to synthesize the alkaloids that are toxic to livestock, such as ergine, ergonovine, ergovaline or lolitrem B.

Barley (Hordeum vulgare) is one of the most important cereal crops. The importance of barley to human and animal
nutrition, and indeed to the foundation and maintenance of human civilization, is well documented. Traditional barley
breeding for improved environmental stress tolerance has resulted in good varieties. However, conventional breeding
techniques neglect the microorganisms in plants.

In this study, animal-safe endophytic E. bromicola WBE]1 isolated from wild barley (H. brevisubulatum) was artificially
inoculated into cultivated hulled barley (H. vulgare cv. Yangsimai No. 1) and hull-less barley (H. vulgare var. nudum cv.
Chaiqing No. 1), creating novel barley germplasm.

Plants that were inoculated with endophytes and those that were free of endophytes were evaluated for growth in the
field. The plant height, tiller numbers, biomass and the grain weight per plant of endophyte-inoculated hulled barley plants
(Yangsimai No. 1) were 5%, 20%, 46% and 22% higher than those of the control hulled barley plants, respectively, and they
matured about 5 days earlier. The tiller numbers, biomass and grain weight per plant of endophyte-inoculated hull-less
barley plants (Chaiqing No. 1) were 29%, 37% and 28% higher, respectively, than those of the control hull-less barley
plants in the field. However, there was no significant difference between inoculated hull-less barley plants and control hull-
less barley plants in the plant height and growth period.

A novel germplasm of barley containing the endophyte was successfully created. E. bromicola improves plant
characteristics and the growth of host. The results presented here provide evidence that the inoculation of barley with E.
bromicola may be used to improve its germplasm. E. bromicola can be successfully inoculated into other phylogenetically
close host species, and this technique has the potential to improve the growth of Hordeae cereal crops and serve as a broad
application to produce agriculturally useful synthetic novel symbioses in germplasm.

Hordeum brevisubulatum, Epichloé endophyte, Hordeum valgare, novel germplasm
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