Korean J. Org. Agric. 417
Volume 28, Number 3: 417-430, August 2020 ISSN 1229-3571 (Print)
http://dx.doi.org/10.11625/KJOA.2020.28.3.417 ISSN 2287-819X (Online)

Trichoderma sp. GLO020l 23t 1.3 4] &9
Az 2EH L 943} g3

T TTY EETT S EETTT Y

ZMET - RMETT - SRETT - el - MojY

Effect of Trichoderma sp. GL02 on alleviating
Drought Stress in Pepper Plants

Kim, Sang Tae * Yoo, Sung-Je - Song, Jaekyeong -
Weon, Hang-Yeon - Sang, Mee Kyung

Drought stress is one of major environmental stresses in plants; this leads to reduce
plant growth and crop yield. In this study, we selected fungal isolate for mitigating
drought stress in pepper plants. To do this, 41 fungi were isolated from rhizosphere
or bulk soils of various plants in Jeju, Gangneung, Hampyeong in Korea. Out of
41 isolates, we screened two isolates without phytotoxicity through seed germination
of tomato, pepper, and cabbage treated with fungal spores; through following plant
assay, we selected GL02 as a candidate for alleviating drought stress in pepper
plants. As a result of greenhouse test of pepper plants in drought condition, the
stomatal conductance on leaves of pepper plants treated with GL02 was increased,
whereras the malondialdehyde (MDA) and electrolyte leakage were decreased
compared to that in control plants. When stressed plants were rewatered, stomatal
conductance of the plants treated with GL02 was increased; the electrolyte leakage
was decreased. Based on internal transcribed spacer (ITS) sequencing analysis,
isolate GL02 was belonging to genus Trichoderma. Taken together, drought stress
in pepper plants treated with GL02 was alleviated, when it was rewatered after
drought-stressed, the plants could be recovered effectively. Therefore, Trichoderma
sp. GL02 could be used as a bio-fertilizer to alleviate drought stress in pepper plants.

Key words : chili pepper, drought, fungi
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252 Ax 2EH 2o 93] AEZ W superoxide (Oy), hydroxyl radicals (OH), hydrogen
peroxide (H,0,), singlet oxygen ('0,)¢] E3H EA4krrt 451, o] 2 <ls) 22 4ks}
o} Mzt k3 5o 221 4ksld ~EH 2~ B EthMittler, 2002) ol F A #YE &4
2] alondialdehyde (MDA) 3&& F71A1717] W&ol MDAE 21=9] 4Hsh4
1S 221 = Y= biomakerE ©]-&o] FrhMiller et al., 2007). E3H A= HAH &
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=) o] @] 29, 5o B3 Ak Boky 2l EoF Qo9 ko] & Eoky)
Ao @79} BEulE ZH EYoA FFolE Bt ol & s MEHI EWI0 g
< 100 mL2] 10 mM MgSO,°ll &3 3 160 rpm, 28C oA 1413t 5+ J& vjfsie] &
o dENS THE 3 dichloran rosebengal chloramphenicol (DRBC, difco) B A|oll 3] g
Taste] 28CollA 443t vl 3 PR Z 02 AFoldt 41 5 EYsiAT. EEd &
F= @xA 2831 potato dextrose agar (PDA, difco)oll Bl A3}e] slantZ 4C ol A H#A3}
of Agskitt.
2. wolg A

22 AEe AaletA e 475 ol thgk A ot

o Brketan. iy, s9ukel ), WiF (=Y 338, %}3}%‘), EnEmAEEHY, 2
#d2)2 FAE 1% NaOCloll 117 53t f’é&#i 33] Mt kAt #e
gk &8°]= potato dextrose agarell FE3te] 28Coll4 79 E<t wiYFF ¥ H 10 mL2}
Bt AZGBH)E AHESt ZAE 9 O}ﬁ‘jr 83t A= F8HA v © 2 haemocytometer
Z AFE3F] 107 spores/mLE ZFEA O™, 0.02%2] tween20S HS F W A3 FAES
3AIZE F<9F AASEA T 3k F3o] Aol ARG FAE water agar (agar 1.5%)°l &
TS F28ColA 3~5¢Y FQF Mige & FAe] wotsS Hrletdth. FA ok HAS
H3te] 10702 3REE 319 21, dspergillus terreus JF27S positive control 2 AH&-3FA TH Yoo
et al., 2018).
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2= 2 ¥5< GL029} JSRF04 ool tigh 11
= 2Ed A B a7 =R %}0}37] 28k 50 mL conical tube®l|
HF3 calcined clay9} WU EEolES L1(vv)E EF3I] 30 mL B 259 13U
= %7:] A& & 15 59 growth chamber (28°C, 16 hrs light, 8 hrs dark)ol| A v &} o m,
e i 10 mLE #7381 59 £ FAT 1579 §F GL029}F JSRF04 9] 32}
%@1(10 spores/mL)= 20 mL #F A3 § #FE TSt A 2EHE FATH
T bl

T 3Y T 32U = MEPEtA, A i3 (Relative water content, RWC)
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(Tiwari et al., 2016)2 =% 3}11, Barrs®} Weatherley (1962)2] Al4HH RWC (%) = (FW-DW)/
(TW-DW) x 1002.2 Alxksle] o] &34 T}

kst GL029] A=zl tigk WS HI187] Y18k PDAC glycerol= 0, 5, 10, 20% &
gale] 2% z7o] gE HWixE A3 F GL02 (10 uL, 107 spores/mL)S HFE3 ¥ 7¢
&Rt 28C oA wieFst] FAF S BT = A4 1 eme| IZE2IRHZ FA
AR E AE 1 mLe HiEgol ¥l 30% B9 voltexingdr $ XA} & A H(sporula-
tion)= 38" A haemocytometerE 43T
A Ax 21AAY 2Eg 2~ A &35 ZLE A i, & FAEIEES: 4]
2:1)& AolA 15Y T3 T ARRSRoH, 13 AEL 127 EF oA 377 7%
ZERA 12 em)oll & FO &2 A Ao] ARG ARE Aol B F& 90T ol A 13T
R 23] A AskTh % FE A2 2F F(4~59), GL029| EAAEAN(20 mL, 107
spores/mL)< T A & #AFE TSt AAH Ax ~EH2E zoiq Az 2~
Ed2 520 mLe B8 5YSA B3t re-watering 3T AAHAZE 5Y F SC-1 Leaf
porometer (Decagon Devices, WA, USA)E ©|&3}o] Qo] 7]F % =% (stomatal conductance),
malondialdehyde (MDA) (Bao et al., 2009)2} $12] % 7]*FZ ®(electrolyte leakage)< 33 7}31<
Azol o3t A& Agd Asf ddES FAHA

4. GL02 54

ik Fgo] GL02E 574317 9138+ potato dextrose brotholl A 28C, 7¢ &<t 160 rpm
ol A & wjFst & Het AZGBH)N AE FAME A Aol A BAAPER 99t 2 gt
% G-spinTM total DNA extraction kit (iNtRON, Korea)E A}-8-3}4] genomic DNAE 2]
st F3o] AE 93l internal transcribed spacer (ITS) (ITS1-F, 5-TCC GTA GGT
GAA CCT GCG G-3°, ITS4-R, 5°-TCC TCC GCT TAT TGA TAT GC-3’)E Al&3lo] ZFZ3}
RO, Macrogen sequencing service (Daejeon, South Korea)ollA 714 ES EA5F5 T
GL022] DNA $7]A4<€-2 National Center for Biotechnology Information (NCBI)©] BLAST
network serviceE AH83I Trichoderma®] type isolates®} Hlul3}%] 0™, AlF 5+ Molecular

rn

Evolutionary Genetics Analysis (MEGA) version 6.06 program (The Biodesign institute, Tempe,
AZ, USA)E AH&-3}4] neighbor-joining method 2 /3 3}t

Statistical Analysis System (SAS) (version 9.4, SAS Institute Inc., Cary, NC)&

o
R
W, BE AFE 25 23] gHEsto] skl al Leven's testE ot A Xt
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o] FAAS #9138 T dataD EPY3IATH ANOVA B4 F A2 693 A (least
significant difference; LSD, P<0.05)< 3} Th.

A

U FHeo &) &4, Ao FF ARt EYH 2 EY, 2019 A8 &A EY
Ao 27
(Table 1). & < 3
agaro| A BEulE, 33 wF T wolS-S RISt EulE A= positive control =
ARESE JF27 FFE 100.0£0.0%2] Tol-&S B O GL02E 96.7+3.3%, JSRF04= 96.7+

3.3%FoH, HiFol A E JF27-2 93.3£6.7%, GLO2E 93.3+6.7%, JSRF04E 96.7+3.3%, 3L3-ol

A= TF27 96.7+3.3%, GLO2E 96.7+3.3%, JSRF04= 96.7+3.3% % EE3 41 +F T A& =
A EE WdAol fle 2 &5 GL029} JSRF04E LA Aal g thFig. 1).

GL029} JSRF049] 2 2~E# 2 7HA: a37t A=A gRlstr] 98 A F3ol& A&
gk a5 Bl 20% PEGE At A& AX(FE) 2EH2E Fo] 4t 28+
RWC, %)5 Flstant thxT9 A5 259 Al Fadeo] 33.56+1.82%% 21, GLO02
£ A AEANE 40.62£1.10% = FEEHo| 1'415 el FofstAl A FAEHALS
, ol A& HAAS 8l HFAHOZ GL02 #FE AWsAl H A t(Fig. 2).
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Table 1 List of fungi isolated from rhizosphere or bulk soil of various plants in Korea

NO. Isolate Source Host Location
1 HSFO01 Rhizosphere Strawberry Hampyeong
2 HSF02 Rhizosphere Strawberry Hampyeong
3 HSFO03 Rhizosphere Strawberry Hampyeong
4 HSF04 Rhizosphere Strawberry Hampyeong
5 HSFO05 Rhizosphere Strawberry Hampyeong
6 HSF06 Rhizosphere Strawberry Hampyeong
7 HSF07 Rhizosphere Strawberry Hampyeong
8 HSF08 Rhizosphere Strawberry Hampyeong
9 HSF09 Rhizosphere Strawberry Hampyeong
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NO. Isolate Source Host Location

10 HSF10 Rhizosphere Strawberry Hampyeong
11 HSF11 Rhizosphere Strawberry Hampyeong
12 HSF12 Rhizosphere Strawberry Hampyeong
13 HSF13 Rhizosphere Strawberry Hampyeong
14 HSF14 Rhizosphere Strawberry Hampyeong
15 HSF15 Rhizosphere Strawberry Hampyeong
16 GLSO01 Bulk soil Chive Gangneung
17 GLS02 Bulk soil Chive Gangneung
18 GLS03 Bulk soil Chive Gangneung
19 GLS04 Bulk soil Chive Gangneung
20 GLS05 Bulk soil Chive Gangneung
21 GLS06 Bulk soil Chive Gangneung
22 GLO1 Rhizosphere Chive Gangneung
23 GLO02 Rhizosphere Chive Gangneung
24 GLO03 Rhizosphere Chive Gangneung
25 GLCO01 Rhizosphere Chive Gangneung
26 GCO01 Rhizosphere Cucumber Gangneung
27 GC02 Rhizosphere Cucumber Gangneung
28 GCO03 Rhizosphere Cucumber Gangneung
29 GCHO1 Rhizosphere Cucumber Gangneung
30 GTO1 Rhizosphere Turmeric Gangneung
31 GT02 Rhizosphere Turmeric Gangneung
32 GTHO1 Rhizosphere Turmeric Gangneung
33 JSRFO01 Rhizosphere Strawberry Jeju

34 JSRF04 Rhizosphere Strawberry Jeju

35 JSRF05 Rhizosphere Strawberry Jeju

36 JTRF02 Rhizosphere Tomato Jeju

37 JTRFO3 Rhizosphere Tomato Jeju

38 JTRF04 Rhizosphere Tomato Jeju

39 JTRFO05 Rhizosphere Tomato Jeju

40 JTRFO06 Rhizosphere Tomato Jeju

41 JTRFO07 Rhizosphere Tomato Jeju
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Fig. 1. Seed germination of tomato (A), cabbage (B) and pepper (C) in water agar grown

with tested fungal isolates. Asterisks on the bar mean statistical difference by LSD

(P<0.05); error bars indicate standard errors.
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Fig. 2. Relative water content (%) of pepper seedling drenched with 20% PEG after
treatment of fungal spores. Asterisk on the bar mean statistical difference by
LSD; error bars indicate standard errors.

2. A #go] 7h W4 B7t

Ak FF GL02 AAe] Az FedA e WA
o glycerol & F7lste] AYAQ] i 2E# 2~ 2%
o} GL02 #2] TAF A glycerold] dHaFo] &
A7Fo] Zhash=t, glycerol©] 10% 32 Bl 2| ol A= 84.48+12.59%, 20% -+ Hij <] ol A
T 26.72£1.17%= T8 i_‘éﬁﬂiﬂ Z7V&FE FAL AAo] ZHadkeE AL BT o33k %
AolA GL02 7F9] ZA AT T A A G AH (em’) G log (6.48+£0.08)°] 1L, glycerol
] 5% FrE A NA = log (6.28+0.06)2 ThA FHA3E O U, glycerolo] 10%2F 20% &Hr
Hi Ao A= ER1=]A] Sk THFig. 3).
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Fig. 3. Pictures (A), relative mycelial growth (B) and sporulation (C) of Trichoderma sp.
GL02 on PDA amended with various concentrations (0, 5, 10, 20%) of glycerol.

T(re-watering) & 737, GLO2E A3 A&

12.54 mmol/m*sE Tt =& ZHo=Z B

o13tAth Anjum S(2011)°] WEH A2 Ax ~EY
@

ha =
o2 Q3 Yol $EFAT 7 FAEE EH FoFTD BRSAT. o] eF N FAEES

e B34 88 4R olojx|=d|(Kusvuran, 2012), GL02E A g3 &S iz o
H 7| 3HEE7E 4] fAHE 202 Hol 3P &85 F7I8tHA A=z Ui 2E
P2 g vt & S ok =3 dxzzdod A MDAE tZ&T 6.16+0.72 nmol/g} T
H|5lo] GLO2E A 2]t 2] B0l = 3.86+0.400.2 o3k HAastgd oy, Ax & A d
& A 9o BAA ol QAT AV|AEEE GLO2E A8l dF 2 EollA 6.23+0.56%,
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Fig. 4. Stomatal conductance (A), MDA (B) and electrolyte leakage (C) of pepper plants
treated with GLO2 spore suspension. Drought stress by water deficit was chal-
lenged for 5 days and then 40 mL of water was drenched into each pot. Asterisks
on the bar mean statistical difference by LSD; error bars indicate standard errors.

Z T QAT A9 5.132042%= T thH] BA 3] HAstthFig. 4). A2 Ax £~
EY2E 3 232 02 4481A 2EYAE WA HAA A U S5k S8 F
I, F7Fe Bk aE AE kst A EAEY B E fFEste] A& FiE 74 2
o} o3t Atsld AEHAE Flshs WHOE MDA MM EEE 747t A d H4tkst
<} HOZ o]&F 1 tChomkitichai et al., 2014). wWehA], &

in]

ANz & &lst= W
TE B3 GL2E 13 A& AHEstH MDAS A7 HAEE7} 7ASE ASE Hol 1
F 2 Eo] Ax 2EHAE BE v X U 2370 Z %*ﬁo}” e A ~EYAE A
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oo Trichoderma stromaticum GJS 97-183 (HQ342376)
Trichoderma effusum DAOM 230007 (DQOG3008)
Trichoderma caesareum BPI GJS 01-225 (NR 134427)
Trichoderma ivoriense CBS 125734 (MHG63658)
Trichoderma floccosum CBS 124372 (NR137306)
Trichoderma sichuanense HMAS 248737 (NR153277)

73 Irichoderma rossicum DAOM 230011 (HQ342419)

Trichoderma hebeiense HMAS 248743 (NR153278)
Trichoderma barbatum CBS 125733 (MHE63657)
75 Trichoderma oblongisporum DAOM 167085 (NR138437)
100'Trchoderma fertile CBS 339.93 (MHB862409)
a5 —— Irichoderma foliicola CBS 130008 (MHB8E5621)
golLr Irichoderma piluliferum CBS 120927 (NR134407)
65—Trichoderma parapiluliferum BPl GJS 91-60 (NR134341)
Trichoderma nybergianum CBS 122500 (NR134400)
Trichoderma hypoxylonn CGMCC 3.17906 (NR153269)
98—Trchoderma faxi CGMCC 1672 (NR134366)
Trichoderma auranteffusum CBS 119284 (NR134383)
Trichoderma profrudens CBS 121320 (NR134373)
9% |Trichoderma sp. GL02

T3] 52 Trichoderma brevicompactum TUB F-1076 (NR138434)
Trichoderma furrialbense CBS 112445 (NR138448)
Trichoderma melanomagnum BP| 843663 (NR134351)
0 ————— Trnichoderma phellinicola CBS 119283 (MH863055)
84— Trichoderma microcitrinum BPI 1112833 (NR138445)

Trichoderma eucorficioides BPI1 747358 (NR134431)
Trichoderma victoriense BPI GJS 99-200 (NR134369)
Trichoderma citrinum CBS 894.85 (NR134368)
Trichoderma pulvinatum CBS 121279 (NR134410)
94 Trichoderma protopulvinatum CBS 739.83 (NR134409)

62|

58

90

0,010

Fig. 5. Phylogentic trees constructed by neighbor-joining method based on ITS gene
sequences of GLO2. Bootstrap values expressed as percentages of 1,000 replica-

tions are given at branching point. The scale bars represent 0.01 substitutions
per site.

4. GL02 &%

Az 2E# 2o SSAAFE AL #5 GLO2E ITSE B3l d7IAYg 24 A
GL02= T. turrialbense CBS 112445, T. brevicompactum TUB F-10763} 100% A4
W, T. protrudens CBS 1213203} 99.8% AHd< R AT Egto|IZHnt F F3o]
2Eo] B kgt A5 = v AER 2EG 2 3| A& WAdEs =8t
2 B3 Ho]9 th(Hashem et al, 2014). Egfo]lAEntE AT 3¢ A= A4 FE5F
7F F7betal AE W FEEEHS FAANATE ASE 4#A Ath(Mastouri et al., 2010).
T hazianum T359] 739 @4ks) G40 &4E F7HAA 2Ed 2ol o3 A& 4314
Yl & W% O™, T aroviride ID20GS] 75 AZZAANA A& Aol F7tstdla, 3
A8l 40 A4S F7HA MDASH Hy0,9] e ZLaAFoEA AES et
(Gusain et al., 2014; Guler et al., 2016). Racic 5(2018)°ll W= Evu}E| T brevicompactum

<= Asie W, ABAZES Fdastal, dieid@dol thxTd nls) S7tsts 2oz
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THol 2 At o, AEAAHS E& HAF Trichoderma sp. GLO2S A3ttt GLO2

g 13 AEAel Aef3tAe w, 2ol w3 71 FAEEsE S7shal, MDAStH "*71"45

TE Aadhe 202 Kol GLR2E AEd 13 AEAle dx 2EH 27 48k, 1

Z T ABFed e W 3B aaHo|dnh o]#g A= GL2E 1S A EAd Az

2EHAE AT F8S AAE AFEE F ASS AR =S 23 2 AYS
3}y Trichoderma sp. GL022] Ax 2E# 2 ¢8l 37} 33 A4ars} AFdo] A=A
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