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Effect of the Trichoderma atroviride T2 Proteinaceous TraT2A Induction
Treatment on Photoresponsive and Fluorescent Characteristics of Lily
Leaves inoculated Botrytis cinerea
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(College of Plant Protection, Gansu Agricultural University; Biocontrol Engineering Laboratory of Crop Diseases and
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Abstract: Lanzhou lily and Trichoderma atroviride T2 proteinaceous TraT2A were used as
experimental materials to explore the physiological mechanisms of TraT2A in the resistance of Lanzhou
lily to gray mold. The changes in the physiological characteristics of stomata, photosynthetic-
photoresponsiveness, chlorophyll fluorescence of the lily leaves were analyzed, and the resistance of the
lily against Botrytis cinerea was measured after a combinatorial treatment of TraT2A and inoculation of
Botrytis cinerea (IB) . The results showed that the stomatal aperture of the lily leaves became smaller by
the TraT2A + IB treatment. With the enhancement of photosynthetically active radiation (PAR), the
electron transport rate (ETR) of TraT2A + IB treated lily leaves was significantly higher than that of the
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control, inoculation of Botrytis cinerea and TraT2A treatment. After TraT2A + IB treatment, the maximum
photon yield (F,/Fy), PSII potential activity (F\/Fy), ®psy and gp of PSII were higher, and the NPQ
value was lower than those of the control, IB and TraT2A, and they were significantly different. The
induction effect of lily against Botrytis cinerea reached above 96% in 5 d and 7 d after the TraT2A + IB
treatment. The results indicate that the PSII reaction center could capture light energy more effectively in
photosynthesis and thus enhance the photosynthetic characteristics and the disease resistance to gray mold
in the TraT2A + IB-treated Lanzhou lily.

Keywords: lily; Trichoderma atroviride T2; TraT2A; stomata; light response; fluorescence

characteristics; gray mold; induced resistance
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BR[Oy = (F' - F) [Fy's RSP E R 2 KR8 (gp= (Fo' - Fo) /
(Fo' = Fo»» HOEEMERSHERZOCE K] A ERE KR BINPQ = (Fo - Fu') [Fy's HIHFERL
SRR K] ERESHE (EIRT 5, 2006).

1.3 TraT2A FESAEZMNBEMREFIAN
H4E DL 0 bnite, WELi0 5% TraT2A + IB AL IB AFE 5 d F1 7 d B9 E &4t KB KR IS,
Ht s TR B S FPURCR -
RESRARME: 0, MR REIUREE: 1 %, RBERITHAR & A B A 1%L s 2 %%, 9
BE TR 5 A AR 2% ~ 5%; 3 2, JRBERITHAR 5 i T AR 6% ~ 20%; 4 2%, JRBERITH
AR AR 21% ~ 40%; 5 2%, JRBER AR &S AR 40% L B CGRTG2E 4%, 2016).
IETEE = [ (BZUmMA x SZRFMD / CRAERME x FEBAREMED 1 x 100,
FHIFPURBMRE (%) = CIRBREIREE - A ERERED P ETEE < 100.

14 BEESETS S
RIGEHE K DPS v7.05 BTS00, FRE XSS IGH BN 2R T E R B E .
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2.1 TrT2A FSAEBNEEMH A SFLEFHR

B TraT2A i SACER RIZEK, 45 d B E A 4 NMEE AR B35 fLEC R I e 1
I b AR, MTERE G 3 d kBl (B 1), HAp TraT2A + B H R H & S FLECEY
ISBVEFALES 27.67 A, LEXTHRL IB. TraT2A &EE5 512 4.57. 5.77. 5.83 4>, HAIX I, 1B, TraT2A
WERI RIS EREE; SdERILBETNEHBTRE, BEAILHM 3 M-S Z;
7 d WP BR T RBE A 1B A FE G E AN E AN, FIXHIR. TraT2A WS ALBERWEE: 9d &4
HERARE.
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Fig.1 Effect of TraT2A induced treatment on the number of lily leaf stomata
- 1 indicates 1 d before treatment. Different lowercase and uppercases indicate the difference in significance between different treatments at the

same time at 0.05 and 0.01 levels respectively. The same below.
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fE TraT2A+ 1B A5 1. 3. 50 9 d AL, FEREAHAR 3 ME B Z A1 E 25 2= 5, 7
d AL B R 2 /N T Al 3 NACEE,  TERERR VAR IR ZE R AN RSN, A AR A b B 2 5
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Table 1 Effects of TraT2A induction on lily stomata opening degree pm

e WA 1d BeWE 1d HfE3d
Treatment Inoculation before 1 day Inoculation after 1 day‘ Inoculation after 3 days

K ¥ Length T % Width K% Length 7% 1% Width K% Length %2 [ Width
X Control 15.5+4.7 Aa 5.0+2.1 Aa 175+ 1.8 Aa 7.0£2.1 Aa 150+ 1.8 Aa 55+1.1 Aa
1B 155+2.1 Aa 50+1.4 Aa 155+3.3 Aa 6.5+1.4Aa 145+3.2 Aa 5.0+0.0 Aa
TraT2A 155+3.3 Aa 50+ 1.8 Aa 145+4.1 Aa 5.0+1.8 Aa 13.5+4.2 Aa 5.0+1.8 Aa
TraT2A +1B 15.5+£3.0 Aa 50£14 Aa 155+3.1 Aa 6.0£1.4 Aa 15.0£3.1 Aa 45+1.1 Aa
s BEHE 5 d BERE 7d BEHE 9d
Treatment Inoculation after 5 days Inoculation after 7 days Inoculation after 9 days

K ¥ Length T ¥ Width K ¥ Length %2 ¥ Width K Length %2 ¥ Width
X} Control 15.0+2.5 Aa 45+2.1Aa 155+ 1.9 ABb 3.0£0.5Cc 155+1.9 Aa 45+09 Aa
1B 13.5+£29 Aa 45+1.1Aa 16.4 £ 1.0 Aab 4.0+0.2Bb 144+1.7 Aa 3.5+04 Ab
TraT2A 145+2.1 Aa 3.0+ 1.1 Aa 17.5+0.0 Aa 5.0+0.6 Aa 15.7+1.0 Aa 4.0+ 0.5 Aab
TraT2A + 1B 125+2.5Aa 50+1.8 Aa 13.5+ 1.4 Bc 2.8+0.3 Cc 153+1.7 Aa 4.0+0.2 Aab

E: ANEL RE TR IR F— I WA E A FELE 0.05 A10.01 KPRIZEREEE. TH.
Note: Different lowercase and uppercase indicate the difference in significance between different treatments at the same time at 0.05 and 0.01

levels respectively. The same below.

*f H8 Control

TraT2A TraT2A + 1B

E2 TRAMESIES GEMRERER3 D

Fig.2 The stomatal morphology of different treatments [ Botrytis cinerea (IB) inoculation after 3 d]

2.2 TraT2A FFLEX T &M i N L 20

B 3 F TN, BEE A BERS (PAR) W3R, & a8 =20 5 & 0 ARG B A5 i 2 (ETR)
B K, 24 PAR 155 165 pmol - m™ - s I TraT2A + IB ZbFRfK) B & Ff ETR Hig ik, 25T
TraT2A + IB 1 IB Ab3 ] ETR FFEEIG AN, HABPEASLEER R K 1R WSS, 24 PAR 153 580
umol - m™ - s N XF JE AT TraT2A AbERf) ETR FF4H T 45 84K KF I TraT2A + 1B AR ETR ]
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B3 TraT2A FSAIEE & KM HIL
Fig.3 Light response curves of lily induced by TraT2A

2.3 TraT2A REXZMBE EM AIHERRASHE
23.1 F,/Fn#= F,/F,

EPEHE RN SN ES, EREREMIhRert, w8 %% (F) HEERE (F) 1
EeAE Fu/Fo, PIARER PSIDVEAEIG 1, T F, 5K Fir I HUE Fu/Fy PTAREE PS 1R RE AL AL
REL PS I AT TE R o« BEE R [ Fo/Fo EE2W PSTNEE R TROR, FE VR EYE AR
I RURTEFR, (M FuFa AT 0.80 ~ 0.83 2], %524 St 80 52 315 E %48
FRERE, JeMmIIM G RE (ERT &, 20065 FKKIL, 2007) .

TraT2A + IB AL B G (1) Fo/Fo B Fy/Fo 35 535 5 T X IB TraT2 A A0 FEAY, 73 3R & T 3.21%.
1.93%-. 3.88%FH 13.83%- 9.34%. 16.02%, HE5HAth 3 MNMEERR) Fy/Fo 1 Fy/Fy Z [E35F(E R R 2
Z5, HCNIB AFEK), H FJ/Fy. FJ/Fo MXTE. TraT2A Z AIFEREZESR (P < 0.05, H4).
VLB TraT2A + IB 2RI H & PS ILE T O 58 i dd, v LMEE & PSIT b KRGS (G PE B3
VARCES

077 | Aa 33 [ Aa
i | =
0.76 - 3.2
3.1+
0.75 + Bb 3.0 F Bb
E <9y L
% 074 - Bbe [Ne 29T B
59 Be 28 r Be
0.73 - 2.7 ¢
2.6 +
0.72 -
2.5 r
071 : ‘ ‘ ! 2.4 : : :
%J g Control B TraT2A TraT2A+ IB %J g Control B TraT2A TraT2A+ IB

4 TraT2A FRLENEE F/Fn# F./F, IR
Fig.4 F,/Fy and F,/F, of lily induced by TraT2A
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232 Dpgys NPQ F= gp 0975 vh

Dpsi SRTEN T PSILIIEAL 20K . TraT2A + IB AbFE 5 d I, Dpsu M gp (B 15 562 1 T oA 3
AN, S RIEEXTIE . 1By TraT2A 32/ 1 42.25%. 44.86%- 55.51%F1 27.62%. 35.42%- 42.90%;
1M NPQ {H ) 2 K T Hodth 3 NAbFE, £ TraT2A + IB AbFE ) PS 1T e 2 A O BESE 3R (L e T A
M T EER T (B 5D,
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Fig.5 Effect on ®@psn, NPQ and gp of lily induced by TraT2A

24 TrT2A FELEMBEEMARERNENM

60 d % 7 ¥4 H B4 THE TraT2A 100 £5315 FA0EE 5. 7 f1 9 d B, XU EIR 0175 S U 7
A 100%. 96.65%F1 44.61% (£ 2, K 6) .

£2 TraT2A FRLEREMAEFER

Table 2 The effect of TraT2A induced resistance to lily against Botrytis cinerea

s IR A PP AR %

Average disease index Effect of induced resistance
Treatment

5d 7d 9d 5d 7d 9d
TraT2A + 1B 0 0.33 7.55 100.00 96.65 44.61

1B 4.33 9.87 13.63
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TraT2A+ 1B

6 TraT2A FEFEEARXBRYR
Fig. 6 Induced resistance effect of lily against gray mold by TraT2A

3 iR

ABEFH TraT2A FHFAFE W H A FSALAFHERHAEISR, vJHIEKERPRAN. fER
AR s, R S PR T DR sl B R E R A, RIHEDIE R A K, REEwrTTE,
2R 6 AT R DO G R B N EEal . IR A SR AR R R AR RS, B RAARIIE YL &4
FRAR 0 B 25 Fh A T DR 0k FL A R Ml (R0 B BRI E PR E FZ WrER, B RS & PR, iR
SEFH DL AL A W EREE K B B B S (EIRT: 25, 2006) o Mag & ARRER: #ll 2
M ARG RGN (PSTDD BIBNAARAL, AT R B BRI 5 Fh A T R X a A AE FH B s, ZERf
FAEVBOSEERE S, WA R SR R i 4 S U T R R R B T R 5t (Murchie &
Lawson, 2013) . MR K IESH AT TT T AZEY 10 E EmMLEIFIETE R (Fracheboud et
al., 1999; Anamika et al., 2014) , {HRZZHEARLEEY)TE PO IET7 06 WARE . A 70 it
SERIOCHARRDT T TraT2A AN B A& ROz, SR EWE— R AME L EH
Rkmpr (PAR) WIMG9%, TraT2A + 1B ACHE A& L HEZE (ETR) MR & T X, 1B, TraT2A
AbFR, PAR 4 455 pmol - m™ - s7 iF, ETR 35 B 5 KAH, 4331048 39.30.21.03.19.33.13.56 pmol - m™ - 57
TraT2A + IB 435 5 & PS I I K6 T 7= & (Fy/Fp) Al PS TTEAETEPE Al LA IR 1B TraT2A
IHETFE T 3.21% 1.93%. 3.88%A1 13.83%. 9.34%. 16.02%, PSII &R GEANEMEEET A,
Dpsu Ml gp (H = TXTHE L IB A TraT2A 4bFE, NPO (A T1X 3 Mk HE; [FIB7E 5d. 7 d B} TraT2A + 1B
AR PR () S HUR R 730 100%501 96.65% . X ik — BRI SR 2 R A S EAMU AT i Hi i 1 45
br, WAEAIEIE S ORI LI T A7

AARIG AT TraT2A 5 FAEGE A G4t v A fLE R R R 2R3 R S HEE
BAHAT THEFL, KIL TraT2A - FBHEMOKEEG, A& RS LE0E . RV
BEE & RGE S (PAR) ISR, TraT2A + IB 5 SACEE (A B AR (ETR) Banbhis,
HEJE & X IB, TraT2A 403, & 76T PSR AOGE T/ & (F/F,) « PSIIE
TEWEYE Fy/Fos ®psufll gp ¥ 03 5 T HAth 3 ANMbEE; 11 NPO (E B K T HoAh 3 NP TraT2A +
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IBALEEJG 5 d A1 7 d X H & HURER TS HURRCRIIZE 96%LL Lo T A FEGUME | & 5 Al s S5
SALE LR ITRE S KEH R AR KRR, HRRIOCRHEMN TG E, Wi iR
L5 e a1 AR KBS S GUR I (1 5¢ R 8 R R0 K, A e itk — 25 39T
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