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ABSTRACT: Coastal plant species Tetragonia tetragonoides (Pall.) Kuntze native to the Dokdo islands was sampled and then 17
endophytic fungi were purely isolated based on morphological differences. The fungal isolates were characterized by their growth
properties under NaCl concentration or pH gradient. Culture filtrates of the 17 fungal isolates were treated to Waito-c rice (WR)
seedlings for verifying plant growth-promoting activity. As the results, YH103 strain showed the highest plant growth-promoting activity
among them. Phylogenetic analysis of the isolates was done by the maximum likelihood method based on partial internal transcribed
spacer region (ITS region: contaning ITS1, 5.85, and ITS2), beta-tubulin (BenAJ, and calmodulin (CaM) gene sequences. Chromatographic
analysis of the strain YH103 culture filtrate showed the existence of gibberellins (GAs, GAy, GAs, and GAss). Finally, the strain YH103 was
identified as Aspergillus tubingensis by microscopic observation and molecular analysis and, to our knowledge, this is the first report of
GAs producing A. tubingensis.
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B AE Pl BYHOIT Tkt AlB o] Aasi
(Shin et al., 2004; You et al., 2011,2015b). 7]22Z 0 2 3|9t4]
2(Coastal plants) 24 Z-50] & 4517 QA|g H 2ol 9]
3elo] 29102 Q8] ol o] §2155 gL, oleig &
Aol 1] Sfol S AAAE 5w =
A)44.0 2 o] 2ol 2|1 93¢k w2 gk s
ofl Sl Mo} WAH 0.2 ATE T 9z Aol

S AP AR YR AR BEe) B4 B
O 72 gt thefet AFAle] Havp 5 o]FaL glo
(Yoon et al., 2005), 0]9] ZHA#2] 324 (Jeon ef al.,
2009; Sung and Ghim, 2010), < EFA Al+* (You et al., 2015b,
2015¢), TE(You et al., 2011, 2013b)o]] Tjgt AL} 21
O &2 o]fofX|aL Qlrh F|Tofl= FEA EelEH = o 5
ol A Al Eol LAY 7HA = ol e A7 BarE 9L
=td|(Youeral.,2011,2013b), E3] o] & YAH+HF+=
9] gH of] A= sfiebAl=oll s A%, a1, ol gt
A& Folslal(Redman et al., 2002; Rodriguez et al., 2004,
2008), A1 o] A4S EAI3h] 7| B A0 2 Ao of
ok A Ml G e S 710k 85| 1 ek Redman ef
al.,2002; Waller et al., 2005; You et al., 2012, 2013a).

53], WAF7H A=A ol gt S S35k #AY
20 g2 A5 A G 2 29 indole acetic acid (IAA) 2} gibberellic
acid (GA)= AAFEIThT ¥ 15T 9] o w(Khan ef al., 2008,
2011; Hamayun et al., 2009) 3jQFA] S of] A= WA+
7} RAFSH= GA = A 71A] Arthrinium <5(Khan et al., 2009b),
Cadophora 2(You et al., 2013a), Gliomastix <(Khan ef al.,
2009a), Fusarium <(Seo et al., 2012) L Penicillium <(Khan
etal.,2008; Youetal.,2012) 52 A 5o A AJAECIL B 31
B3 Stk BEE B2 T, £7)40.2 Wl o, Aol
Z7)9) HAE 0 2 Qleh Bt d 270 2 ele) wof
AH glefo] = o o] s o0 & Q13|
SR B ) ol A Al e 4
A A= AEgt e o] Aot A BT Rl S8
Aolth. whepA 2 Ats 5= XP‘E E‘Ph

AEAlze| AE A #Rel =2

E o AP QU= B¢ FA B9l W Z(Tetragonia tetra-

gonoides (Pall.) Kuntze) & X 5}o] WA H LA = A A
2 o535 T AR 2 ARSI ABA 2] A H2)E 95
o] AHEAJ A (Tween 80)2} 32 WA (Perchloric acid 1.0%) 2
ZfolH AT E %{Sodium hypochlorite 1.0%)2 AMg-3}o]
Al 54 9] EHE A4dE thKhan ef al., 2008; You ef al.,
2015a). E!’:r:(-% Wiz o] Ma) A|ZE2-3cm Zo| 2 Atk
A 43 A S071S A 0 4% 95
of wjoFatolt. wjoRz 1. Ale] 241 HjAlel] 1) A
%}Eﬂ]—o]/ﬂ(Streptomycin) 80 mg/L o] 3Z3}%] hagem minimal
(HM) 8 A& AR8-8F0] 25°C | 4] 3-7 U vl 5} th(Rim et
al.,2005; You et al., 2012). BL2|A| & 9] Tt ThH of| 4| A3
U2 wtARS] et 2l S 9ol =8 HM v 2] of] S =S
o] T ATt 25t A v Bl o, o] Sof = FEjstA o=
Ayo| gt w573 9] AH-2 €]5) potato dextrose agar (PDA) B %] o]]
A At el ke HHE3 St You et al., 2015a).
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(Salinity %)@} pHol| u}eh 442 BH15l7] Slaf chopat 52
TS 2 gsto] APk G EE35,5,7, 9% 455
of e} pHi=4, 5.5, 9% A §3heAck. A= TU2 7]
Fo= vjestol 2 2ol ujet AAHe] A= TSk
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ol APl AEl W

=2 Q0E

Bzo YA FRRIE 424
A4S 471 §J3t 71EujR 2= Czapek broth
medium (CBM)E A1 AL, o5 242 50 ml 2] vf %] of A
25°Co]|A] 180 rpm Z7AS = REH|SF SFATtHYou er al.,
2012). vl kN2 o] 742 (Whatman) & ARE-3}0] o] 1}5} & o
3o 30 ml& SAARS] | mle] Hel§ole Zulshelct
(Khan et al., 2008; You et al., 2012, 2013a, 2015a).
AN B 717 418 PO (Waito-c
rice) o] 715 191§+ ek} U LS00 mg L) S |
PJo}iL A2 g F4-5 9 Bk S0l WA AIA wotat 54
£ A8 3}o] water agar (0.5%) 0] IH3al| A AQuljsFAc) 6-8Y
Foll AT $3.8 U7 |of wet el Aol ALgs
St} o= sterile distilled water (SDW)¥} 5-%% CBM
WA -8 271 0% p5o] AR AT A 27 o]l
o|g7] FHF-Zof FHIRt F5ul S o1k 10 ulE A 25k
74 F AAFFE ST X4 A o](Shoot length) 2t
A=A Zo|(Plant length) S 33] REESA61t. 47
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A AR o] St F0] Wkl THolS membrane
filter 2 o3t & pHE Ao, YHREZEZZE=20
ng®] [17, 17-°H,] 3422 (Gibberellin: GA)-& 223}7] o]
=9 wfj Foi pefof] A 7FsEGTE. vl oFoi kol of ethyl acetate
(EtOAc)E 7}sto] 24 2|519) 3L, methanolS | 2] 5}of
pH 830 & uk29ith A& Cjg column (90-130 um, 60 A
pore size, Altech)®} Celite/SiO> column (81 formic acid &
32315 ethyl acetate : hexane = 95 : 5)2 0|83} =31
o}, 3L QAR89 EtOAc 2 polyvinylpolypyrrolidone
(PVPP)E o]-&-5to] J&HA 2] qle}. Z12]al pHE thA| 27
3l EtOAcE A 2]s}o] =3} 0 1, =5 ZIALS methanol
of| €3 A| 4 membrane filter £ o] }3F Fof] HAA| Z & ALE-
3}l th(Khan ef al.,2009a,2011; You et al., 2012, 2015a). WAY
w57 Atk oA AR O] 415 9181 HPLC column
£ u BondaPak Cig column (3.9 x 300 mm)2 AR5} O,

H-EZ2(GA)L acetic acid (1%)E 3Z33F methanol 2] 5=
ol ek selsttch o AT PRE LS AL
wsto] Aavtag A sketlal, SHEE
9] EFA| #-=—ethereal diazomethane © & methyl ester 2 -3-%=3}
o] R a7tA2 1ASsITE 18]a AlE= dichloromethane
o] £IA1A A GC/MS [30 m x 0.25 mm (i.d.), 0.25 um film
thickness HP-1 capillary column]o] =915} 31(Khan et al.,
2008, 2009a; You et al., 2012, 2015a), hydrocarbon standard
o] R 9 KRI 42 274300k [Ha] $u 23]
ZE7Z(Obtained from Prof. Lewis N. Mander, Australian
National University, Canberra, Australia) 2] 37| 2] o] 22 &S
v sto] AeF BEA59IcHKhan et al., 2008; You et al.,
2013a, 2015a).

reaction vial o] &

250 ASsiy 24 2 57

Genomic DNA 2] B2 & $]5}¢] Lﬁﬂgﬂ%—é— PDB ujj%]
AE3E 5 25°Co| A 120 rpm &2 5-7Y ) 9

o, 2 A EA sl BN 5 A ST A
-+ DNeasy plant mini kit (QIAGEN)E- 0]&-

=32l A Als2d AllE

DNAE =391, ITSHY ZalolW 2= ITS1 (5'-TCC
GTA GGT GAA CCT GCG G-3")2}ITS4 (5'-TCC TCC GCT
TAT TGA TAT GC-3")E A}£-35}9] . )(White et al., 1990),
ZA}e] Zeto]m ZL=bt2a (5-GGT AAC CAA
ATC GGT GCT GCT TTC-3")2} bt2b (5-ACC CTC AGT
GTA GTG ACC CTT GGC-3)E AR5} tHGlass and
Donaldson, 1995). Calmodulin 3% Z}-9] 3Z2}o]H 2= ¢md5
(5"-CCG AGT ACA AGG AGG CCT TC-3")2}lemdé6 (5'-CCG
ATA GAG GTC ATA ACG TGG-3')Z(Hong et al., 2006) A}
&5klek =3, PCR AHE2 purification kit (AccuPrepPCR
& Gel Extraction Kit, Bioneer) = AR8-5}o] A A8t Zof] & 7]
AEZ siEshgich 28al G714 95 NCBI2| GenBank
blast AL Eslo] AHEA o] =0 Zu} B3] A2 Es}o]
) LEASI T TAEET} AT E RS MEGA =

2 I3(Version 6.0)2 0]-25}o] Clustal W ¥ © 2 multiple
alignment&- 3}%1 © 1 phylogenetic tree+=maximum likelihood
(ML) P48 0] -8-3}0] Tamura-nei A5 d ¢1g|So g2 B
7oA QA& gelsto] & oIt Tamura et al.,
2013; You et al., 2015a).

beta-tubulin &

FEDFR| JENHQI 2HE

Soat A B 1ol 370 Fejshy BRe 9
3]] malt extract agar (MEA), czapek yeast extract agar (CYA)
9 creatine sucrose agar (CREA) ¥ A& Al&5l o w, F5
= 25°Col| A 15U7E sl ] of| A uljoFRt 5 yEksk ik
EZE MEA Hjx|oll A At WAt RS Fetdn(Carl
Zeiss) 0.2 Pzslod EAYZ 217 (Conidiophore) 1} E-AY 3£}
(Conidium) 52 #2513t
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Table 1. The cultural characteristics by salinity and pH value of
endophytic fungi isolated from Tetragonia tetragonoides

Fungal Salinity (%) pH value
isolates  3.5% 5% 7% 9% pH4 pHS5.S5 pH9
YH101 +++  +++ + - HH+ -
YH102  +++  +++ ++ + A +
YH103  +++ A+ ++ A ++
YH104  +++  +++ ++ + A ++
YH105  +++  +++ ++ + A
YH106  +++  +++ A+ A
YH107  +++ 4+ A A ++
YHI108  +++  +++ A+ + A +
YHI09  +++ 4+ A+ A ++
YHI110 +++  +++ ++ + +H+ -
YHI11l  +++ ++ ++ A ++
YHI12  +++ ++ ++ A ++
YH113  +++  +++ ++ ++ +H+ ++
YHI14 +++  +++  +++ + 4+ +
YHII5 ++ +++  +++ ++ 4+ +
YHI16 ++ ++ 4+ ++
YHI17 4+ ++ ++ 4+ ++

-, no growth (1-2 cm); +, weak growth (2-3 cm); ++, good growth (3-4 cm); +++,
very good growth (4-8 cm).

pH 270M= Hae Bk A} ofshA Aehs A o=
Q1= 3 t(Table 1).

M A
Yz0) We| 2 HE 24 Helsle] Yeja oz o2 177)
F TF AW 00 o] 52 CBM Hh o] o

fl

ol
S
£

3

5o ol ol S ol el o] Hefate] 79
7F WjFSHE. S 224 SDWE A elgh 2 ol A4
o] Zo7}5.00 cmo]| 131 A1BA| 9] Zol=8.76 cm 24 %)
91}, gk hET A CBM 2|2 5-3ako] A 2]t 90
= Ae] Z0]7F5.55 emol 91T 4B A9 Aoli= 1024 cm
2 ZAEIITE YHI0O 320 4 A4 AlAfo] 74 e
4.78 emo] 911, A2 Aol SDWS} CBM HjA:2 A2l
S ER19.16 cem o 2 = ik E3E YHI03 w5570
CFE M) e} el r ok AR o) 71 skl A
9 4R Do} 242k9.22 ems} 18,12 em 2 S E e
e AR RG] AR Aol 12 T ar])
o2 TREYI AR Lol 10 L) o2 Bk

an

AEAREH TS B3 YHIOS 2] vopolofis
& RESpAL TSRS B o] BElol Aot
= ATk o]of wheh i Atol A= TAALL GAof thgh &
A1) STk YHI03 2] 53t ofgiolg 3
5to] HPLC 9] retention time2 Q1A T HEZS =

N
=
=
MBI GO-MSE 8 ool afole B89} v
=
%

oo R

N

A3t ATAAE HEEHA 3o GA=45R7H 2RI

. B5 GAS-L2 GA4 (0.01 ng/ml), GA7 (1.63 ng/ml)}

GAs (0.02 ng/ml), GA o (0.05 ng/ml)0] 1L EZ=52 7} v] w3

A RREA T 4 qlslen, AlEE4 GAR oAl GATY
GA;°] ZHRI= }ItKFig. 1).

Table 2. Screening for plant growth-promoting activity of Waito-c rice seedling with fungal culture filtrates of endophytic fungal strains isolated from root

of Tetragonia tetragonoides (cm)
Fungal isolates SL PL Fungal isolates SL PL

SDW 5.00 + 0.25ijkl 8.76 + 0.31ij YH109 4.78 £ 0.37jkl 9.16 £ 0.52i

CBM 5.55 + 0.24efgh 10.24 + 0.37fgh YHI110 5.88 £ 0.24cde 12.34 £ 0.59b
YHI101 5.74 + 0.36def 10.76 + 0.40efg YHI111 4.58 +0.381 11.10 + 0.34de
YH102 5.12 + 0.2%hij 9.42 +0.48fgh YH112 6.88 +0.34b 12.44 +0.34b
YH103 9.11+0.40a 10.64 + 0.65a YH113 5.04 + 0.40ijk 10.88 + 0.36ef
YH104 5.38 £ 0.26efgh 10.14 + 0.43gh YH114 6.22+0.19¢c 12.14 + 0.62bc
YH105 5.60 + 0.45defg 11.94 +0.52bc YH115 5.24 +0.11ghi 8.28 + 0.44j
YH106 5.10 £ 0.22hij 9.82 +£0.43h YH116 6.20 £ 0.37¢c 11.92 + 0.33bc
YH107 5.96 + 0.29cd 11.66 + 0.48cd YH117 4.62 £ 0.26k1 10.50 + 0.56efg
YH108 5.04 + 0.34ijk 11.96 + 0.52bc

The ten microliters of concentrated fungal culture filtrates (FCFs) were treated to Waito-c rice (WR) seedlings. The shoot length and plant length of WR seedlings were measured
after a week of treatment (You et al., 2015a). According to Duncan's multiple range test (DMRT) (P < 0.05), the different letters in a row indicate significant differences. The letters
indicate that values are not significantly different. Data are showed as mean value + standard deviation. SL, Shoot length; PL, Plant length; SDW, sterile distilled water; CBM,

lyophilized liquid of Czapek broth medium.
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fz:"ndﬂggzoo 2as3 lon 222,00 (221.70 t0 222.70): O.P804.0 SEAF9| =™ U HIEsH 2M
e GAZ AASH= YHI03 50| B4< 98] ITS %
o [KU356312], beta-tubulin (BenA) &% ]—[KU356313] il

e > R e e T ‘ calmodulin (CaM) 8-Z1xHKU356314]12] 97]4 <& NCBI

B me—— GenBanko] 553151 TL4-415.8 Soaslel, 3531421 9
30000 2|5 o131 W] YH103 = Aspergillus section Nigri
fﬁﬁﬁﬁ 2482 o 6}% 10| ﬂoll‘:l 1, A. tubingensis CBS 134.48" -5

B« e RNV EPNVRRULIRRR oF Ze Fo2 FHEULt AFTH BAL Aspergillus

/gundazgzoo P Scan 441 (24.818 min): O.P.804.D section Nigrioﬂ ‘/—'.\‘5 ’E‘;L-'i“&—;lsﬂ‘ ;_é}'ﬂ:d‘-zr—% o]%‘@il out-
40000 group 8. 2= Aspergillus porphyreostipitatus sp. nov. CBS
o 138203 T (KJ775564, KI775080, KJ775338) 2 AF&5}0] 901
25000 A& g3t Varga er al., 2011) (Fig. 2). E3F ZLHAF
??EZZ O 2= 4. neoniger CBS 115657, A. brasiliensis CBS 101740"
10000 9 4. awamori CBS 557.65' 0] B2 7}7k$- 71 o & 3ol ]
o o Sk

miz > 0’320 240 260 280 300 330 240 360 380 400”430 440 460 480 500

Fig. 1. The GC-MS SIM spectra for GA in fungal culture filtrate of the 'rr'R'T"" | 34EHI_'||?_| J-Il_l_,-él_

Aspergillus tubingensis YH103. GC-MS peak of A. tubingensis YH103;

(A) GC-MS peak of fungal culture filtrate, and (B) GC-MS peak of MEA, CYA, CREA =] %] oA uljoFat YH103 #3=2] &)

standard GA7, (C) lon value of standard GA;.

97rAxpE)‘gi//1¢spipe7‘iS CBS 1128117 DQ900603 AY820013 EU163267
74—|~A costaricaensis CBS 1155747 DQ900602 AY820014 EU163268
- A. eucalypticola CBS 1227127 EU482439 EU482435 EU482433
91 ‘ A. neoniger CBS 115656 FJ491682 FJ491691 F1491700
8 [A neoniger CBS 115657 FJ491692 FJ491699 FJ491681
| Aspergillus tubingensis YH103 KU356312 KU356313 KU356314
81‘95 'A. tubingensis CBS 134.48T AJ223853 AY820007 AJ964876
A. brasiliensis CBS 1017407 AJ280010 AY820006 AM295175
A. awamori CBS 557.65T AM087614 AY820001 AJ964874
A. foetidus CBS 114.49T EF661187 EF661090 EF661155
A. lacticoffeatus CBS 1018837 AY819998 EU163270 DQ900604
79’.4. Joetidus CBS 121.28"T F]1491683 FJ491690 F1491694
A. niger CBS 554.65T AJ223852 AY 585536 AJ964872
‘ A. sclerotiicarbonarius CBS 1210577 EU159216 EU159229 EU159235
/7.4. ibericus CBS 1215937 AY656625 AM419748 AJ971805
96\_1 A. carbonarius CBS 111.26T DQ900605 AY 585532 AJ964873
99l A. sclerotioniger CBS 115572 DQ900606 AY819996 EU163271
4. vadensis CBS 1133657 AY585549 AY585531 EU163269
A. japonicus CBS 114.51T AJ279985 AY 585542 AJ964875
100/ 4. violaceofiscus CBS 122.35 FI491676 FI491687 FJ491696

o A. violaceofuscus CBS 123.27%T FJ491678 FJ491685 FI491698
A. violaceofuscus CBS 102.23T F1491677 FI491686 F1491697
A. aculeatus CBS 172.66T AJ279988 AY 585540 AJ964877

A. homomorphus CBS 101889T EF166063 AY820015 AM887865
A. saccharolyticus CBS 1274497 HM853552 HM853553 HM853554
T—FA indologenus CBS 114.80T AJ280005 AY585539 AM419750
1

98 100

© 99|

A. violaceofuscus CBS 115571 EU482440 EU482434 EU482432
7| A. aculeatinus CBS 1210607 EU159211 EU159220 EU159241
QQL'A.ﬁjiensi: CBS 119.49 F1491679 FJ491689 FJ491701
97'4. fijiensis CBS 313.89" FI491680 FJ491688 FJ491695
4. heteromorphus CBS 117.55T AJ280013 AY 585529 AM421461
9ol A. ellipticus CBS 707.79T AJ280014 AY585530 AM117809
A. porpi ipil CBS 138203" KI775564 KI775080 K1775338

—
0.02

Fig. 2. Combined phylogenic tree for ITS, BenA and CaM of Aspergillus section Nigri. A. porphyreostipitatus sp. nov. CBS 138203T was used as outgroup
in these analyses (KJ775564, KJ775080, and KJ775338). Numbers above branches are bootstrap values. Only values above 70% are indicated. The ‘T” after
the collection number indicates the type strain of the species (T=Type, NT=Neotype). Bar, 0.02 substitutions per nucleotide position; combined alignment

1,240 bp. CBS culture collection of the CBS-KNAW Fungal Biodiversity Centre, Utrecht, Netherlands.
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Fig. 3. Mophological description of Aspergillus tubingensis YH103
isolated from root of T. fetragonoides. The A. tubingensis YH103 (A)
Colonies on MEA, (B) Colonies on CYA, (C) Colonies on CREA, (D-G)
Conidiophores, (H-1) Conidia.

o291 S41e FarshaL, olof tste] Waldn| AL ol g3t
BAYEA T RAYE A v L% RS B G 2
42 AX BT YHI03 g 72 52k 25°Col A vjeka
2 uj, MEA (5.0-5.1 mm), CYA (3.8-3.9 mm), CREA (2.1-2.2
mm)¢] S Lheh i,

A Z= A (Vesicle)©] 2123 um 8] 7|0 97 =
21 o 3L, AF(Stipe)= 8.0-6.5 um 2] F o] o 7] 7]
A Bk

B 322K Conidia)= 2.0-3.0 x 2.0-3.0 um =L7]01 A
213} 2= 919} 31 2K Conidiophore) 2] & ej o} A 2 212] &
B & B w3} wof]| 4. tubingensis2} SAFSH HEf S LYERY
Ach(Fig. 3). Al 543t Fef 21Ql 542 == YH103
5= A. tubingensis Mosseray O 2 Z|& FA & %it)

mlo
it

L
S0 AAHE A4o] et AefetAel ATE vl
chopet AEo] A48 0 2 WY 7= Ak g o)
3 AT A1 B 0]7] 8 Fof thak MR8 o] 23 gl
2ol ofof Wisko] §-§ulAE Sol 3t AT A2 of

o AL MRS A} Bo] 22 A

5 1 Bohsl} e

7, FAAE, Wz &
7L FHotAlof, L AEF Yok,
dob| 2]7h 5ol A AHg st o]y O 2= HeF T AT
e 2P AL Qe =2 sjet 5419 A A A A of] Ak
FErert Sl 55 1?‘} Jokar glo] ol et A
= 7HAIAL QA FEE Ao FHERt L E 4= Qe 2 A
T S oo thld B At e of] AP Sk A
WS TAE AGE flshe] S A A =] e WA
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3.5% (w/v) o404 RFek= 72 & A (slight or moderate
halophilic) © 2 G153}, 3.5% (W/v) 5= Lo A AA5H=
AL 5 FA o] o} d <=l halo-tolerant 2 555 i Kushner,
1985). & Ato A hFEo] £ #7774 0= 3.5%
4 5.0%9] = QoA T glo] s, 7-9% 5o A
Ayo] h2:817) = A T ito] Aol F1 s A e.w )
2ol 2 o) QAAIEO] 150 S o) BEL Waw o}
o, o] & Qlaf MY 2o} S ARG oh= WA B3 AT
WS HEsIS Ao w s Aol
o} E3F 53141501 pH 4.0-5.59] A 27 ol A &= 223t
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=2t = 751 2 ol5 WAd RV == B 579 o =
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e WAHF7H 7= B8-S ERls] flste] A=A
FEd A& ST YH109 o 529] 7 -9-0f] 2|/
do7t 7HE R Ao ® SIS, By A = thE
253} Zpo] 7F AA] QAT A G0 A -f-of] 212 ol
Ak A ZAYE Asfshe B2 o) nE o] A& 7
o] UZ Aoz AT B3], AR o] 93 24
O] A3h=YH103 w27} 71 & 2/d& YetliglaL, &4
AL Sl Ao B2 GA ol EAE gl o Zs 2R
2l GA4E= AT AT GAs, GA o= BEAIERQ A& A
A 2 Aol A= v AISke] S48tk GAE AEs 2
(Phytohormone) .2 A AX|7}A] 2F 136F5F71 LA Q1A
Tt A48 e = GA|, GA;, GAy 2 GA, .20 425 H)
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ZF o2, 4577 7= AR B3 ThE u| A E el
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A 24 7 Hore} 3 Rofoll 4 1 1] 1 gJekRim eral.
2005; You et al., 2012). L&} o] 3t - F-E0] LHEEA o
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Efj Alof| A B]nA] HF=o] =& 1‘1:]0]{-1]—_’17_ 3t 2= 9l sl E
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Ho] #2Eo] B3 QJtiKhan et al., 2008; You ef al.,
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of ol Aele A B Aol FARA BAAT So] gt A7
= B %3 Q) o m(Kriaaetal., 2015; Maet al., 2015), o] A
et 58 Aol = B8 5= ol At 77 7HA = A
H L2 Alds| AThar Sk 4= QT T3 A. tubingensisol| A GA
AR RE A1 BIEE Aol o2 B 5o
el 7102 7RI B A A|opA e Aol A4y
Sl AlE- ARl ABHgo] e AFoln, AHe
= Q17 WA EA) e e B0l } sfeta| ool A A
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2
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