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IFABESERM LA ERT RT3
FORE L ERERC £ R EFRY, EHEFL KRR

MR R K2R e, VTR EE 471003; 2 0 R R E TR S BAR RS, (A% E 277300)

B E: RSN IRITE S RS A AR G5 25 1 7710, KU SR A 85 490 51 7 i 5998 A1 1 AL
BT TRIESE . XTI IR R, 5 AN AR T AR IS 2 o BUR N T8 B AT 1R %, Herh BBk TH16 I THS4
XS B A 1 PR Ao . PTR80S0 R W, KB TA TH16 Rl THS4 7 BIF K AR 10° A - mL™ s
BURF s I3 69.4%H1 60.0%. HBEFARR G, FATHEKREGEEE (P, JEE CO k& (CH. <L
FHE (G COp ML ZE (Ag) Rubisco H KR (Vemay )~ RuBP F KT A% (1,00 K Rubisco
FBPase iFVEX W 3. MHeRh i 8205 1 53 BO6 G 3R T BRI I AEBE Veomax T Jmax 10 T B TR
B AER T R P BN Pav A Vemaxs Jmax IV BRI MR 200 TROKF o BebloR 87 58 W 2238 06 & A1
KE:FMLILF, FBPase. FBPA, SBPase #1 TP 73 A MG T 6.53 £%. 3.51 f%. 5.17 £5H1 7.81 fi%.
TR0 AR W A 285 VA 0L o 0% 5 ' A AR DG IS P S R DR TR i 17 W 85 RDAS 7 6 & AR BRI 4
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Effects of Trichoderma harzianum on Photosynthetic Characteristics in
Tomato Leaves Infected with Fulvia fulva

CHEN Shuang-chen', JI De-gang”, LI Cong', LIU Ai-rong"’, WANG Hong-tao’>, and LIN Xiao-min'

('Department of Forestry, Henan University of Science and Technology, Luoyang, Henan 471003, China; *Zaozhuang
Agricultural Demonstration Garden, Zaozhuang, Shandong 277300, China)

Abstract: The mechanisms of antagonism between Trichoderma harzianum and Fulvia fulva in
tomato leaves were analyzed using combined indoor screening and field efficacy trial. All five testing
strains had distinct inhibitory effects to tomato leaf mould disease by the antagonistic experiments. The
inhibitory effects of strains TH16 and TH54 were the strongest in all the tested strains. Field efficacy trial
results showed that the optimal concentration of spores suspension were 10 per milliliter. The control
effects of TH16 and TH54 were 69.4% and 60.0% respectively. Net photosynthetic rate, intercellular CO,
concentralion, stomatal conductance, light saturated rate of the CO, assimilation (Agy), maximum
carboxylation rates (Vimax) and maximum RuBP regeneration rate (J,.x) were increased significantly after
the inoculation of tomato leaves with T. harzianum. Activities of ribulose-1,5-bisphosphate
carboxylase/oxygenase Rubisco and stromal fructose-1,6-bisphosphatase (FBPase) and genes expression

levels encoded Calvin cycle enzymes increased in tomato plants inoculated with T. harzianum THI16.
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However, leaf mould disease infection resulted in lower net photosynthetic rate, Vemax and Jmax value.
Meanwhile, the inhibition of Py, Ay Vemax and Jmax could be recovered in the plants infected with leaf
mould disease if pre-inoculated with T. harzianum. The expression levels of the genes encoded Calvin
cycle key enzymes could be induced in the plants inoculated with T. harzianum. The expression levels of
FBPase, FBPA, SBPase and TPI were increased 6.53, 3.51, 5.17 and 7.81 times of the control respectively.
The results showed that T. harzianum invoked a range of related enzymes and genes to facilitate
photosynthetic metabolism against leaf mould disease.
Key words: tomato; Trichoderma harzianum; antagonistic effect; tomato leaf mould disease;

photosynthetic characteristics

K% (Trichoderma spp.) J& T 50 L T 2240 B, | iz A7Ae T 38, R, whfL A
TRIEREEE AT, HARKHEED, P Rak, ERET, RedeAipk S L 3ge v 95 I i 2L
BER (Verma et al., 2007; Vinale et al., 2008; Baeetal., 2011). #a&1t, KREZR/DEMY)EALIEL
PRI 18 /N E 29 Tl JR EL B R ILH F5Ht/EH] (Reino etal., 2008).

A5 9 2299 1 [Fulvia fulva (Cooke) Cifferri.] J& TR0 W IR LB IL 0, & —Fhoe ORdr )™
W FHMEFENE (W 55, 2009). MR H T AN Z L B0 PE A28 P iRe s, A
PO AR PO 2 BT B R AL, PO B RHE LR . H R B A A B B v A LA AR 2
RN E, B2 AT R A MRS A, BRI EE,  H AR A 2 kB G
i F RGBS R AR OSE (G2 45, 2007).

KT A EE X it P4 2 A5t 250 R 2B BT A CAF — 280190 Elad (1997) MIWFFURE, KEn[f
B VA = B A B IR R AR . EREREE (2008) WIFST T R A EE XS M3 (RS BT/, X IRERG 7
5 d ], FOLRRE EG A B 06T 2 9 P B 995 R (12 kg 86%, FEHTAL I 3= 24 5 Fr RS B Al FH - WA 25 (2009)
IRIFFER W, WS IR g mI o = 2 A A 6 2 0t 2 s T AR AR E S e T 1 22 [ A /D B ROR
BT, AR, MR E W 22 DL A KRN g e A K 7 X 2 A T 7 0l 00 B R 22

LR 0] P EUTR Q2 EAEMI A AU . IR R Ak R A0 AH DG 52 214515 (Mandal
etal., 2009). WFFTRM, S8k ] EIE L AR A i CO, MR A4 3R  (Ag) Rubisco
KR, (Vema)~ BRIGA 2 BT R0 Fo/F LA TR AT FRAOG G 4277 % (Nogués et al., 2002).
T2 ] S B R SRS E S R 71%, 11 Rubisco £ FAE A0 M A JLFAREIAS 2] (Veronese et
al., 2003). &0 ] 3 BRI 28 2 5 B ADGA AR 1) 8 Z A, M B AP 1R R AED -
*# (Lindenthal et al., 2005 o {HE 50 A5 B -5 1145005 B LA S R b A b i MOl & U A e 248 Calvin
I OC il % M SRR () 284k, 2 oK DLARGE

ARG 5 ANIGIRRFE BRI 1R 0 20 B A s RS DU T R EE AR, IE
BT T HERR BRI S SRR DG A DRI 1k A T TR e Y 2 5

QY ViR SRS DARES

11 ##

PRI T 2012 4F 9 H—2013 4F 4 AR B RHEOR e 7 SE IR = e . B Al 4 - (F. fulva)
BFE FS ARSI 2 /A7 . MK EE# (T. harzianum) %4k TH4. TH9. TH16. TH46 [ TH54
HHI TR A 4 () 22 e o (R FR A shFi o —H1407 . &L RNA SR & H AxyGEN 498
], RNA gl & B Qiagen A ], R ARA G H Fermentas /3 7], 1Q £ 4, 5L 0 2 # PCR
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Fill 2 48 1Q SYBR Green R G AR AR, 514 LilEE T Ak,

12 ABERERMERTHE

KRR R FR70 (K58 25, 2012)0 AEE AT E2090% I T 28 Cifftk 3 do $AEE R 5 mm
(25 T B B, R BB ) PDA SPARZE M, PR AC B VA R Bl 0 PR A o AL D BT
YEBHPEXTIE, DL PN N 70% FF FEFCAT EER 771 800 £y AL HE A BHAE XS R, fFAbHE 3 IkFEH . 28 C
THIREE TR 6 do
1.3 ABE X EH A B E R RN E

Tt I TSR R ZE, SRR T K IR R IR, AU DR R NS SRR (O
W WEA =3 Do 21 8~ 10 LM, PRk KIAFEAMFWFMLE, 24 8 4l. Hrf 6 41 ms
ZoFH = P IR HE (R I B PRSP F IR IR B AR TH16 A THS4 (91 B I7 il geph 2 Fr
b, TR IR 2.75 x 10°, 2.75 x 1081 2.75 x 10" -mL™"; 1 4IW0EK CoflD; 1 45 70%
FRIEFEAT A n VR EAD 57 800 f5 M. RFRFEMN 1 Ik, IELWE 3d, 3 d Jio &AL BESAH P 55003 95 Jir B £
THRIFW (1074 - mL™), RS RB AR 28 (C/18 (C Wi 95%LL b, BEALIEEE 3 Kk, 4
FAL 20 Ko WA AU RONREE 0 d, 4 d JEWEHE KX AL, AR, Sl
o, MBS S 9 P S I LIRS (20060 [1I3CHk: WtEfes = [T (%
GREEL < SHARKMD / GRE BRI x BmBREMD 1 x 1005 BIEgeR (%) = [ HRIX
FITETEH - A F DTSR E0 /0 IR FE ] x 1000 [FIIFEL 8 ~ 10 A 2K 3A—BUk4hn, % 4
ANMEEE: OPFR T THI6 fTFBIFH (275 x 1034 - mL™), L3R 3 d; @3eRhit &5 R
W FS PRI (1074 -mL™), ESER 3 d; @R R THI6, 3 d J& FR-ER 25595 5
W FS; @UAmHE K A5t . R A 3 K, MEE 10 bk SRR R 5 d A A Ab AR R
R, W E A PR M R R R
14 RESKZIESENE

PR I 4 d ISP H] LI-6400 2GS ACINE oA E (P RALFEE (G, A CO,
W (C) e EHE. B /EH COmNthgk (A/Co H¥E von Caemmerer Al Farquhar (1981)

() 950058 « AR5 A ] Ethier A Livingston (2004) f 555 Vemaxr Asat fEICFEIE (21% O,) FE
FERFIR (2% O,) 4F FillsE .
1.5 Rubisco 5 FBPase ;&$HIME

PRt B A S d IEUBHEET R 0.5 @, NI EUE B ok AR, TN S R S 1)
o PRI ASSY: 50 mmol - L7 Tris-HC1 (pH 7.5)+ 1 mmol - L EDTA. 1 mmol - L MgCl,. #4#14}
$r12.5% . 10% PVP 1 10 mmol - L™ B - $i3EZWE. 15000 x g 250 15 min, L3R4 Rubisco
FHEEH, AR 0 ~ 4 C 4T, Rubisco iGTEZ M Lilley il Walker (1974) [WJ5i%. £ 25 °C
K 3-PGA & R NADH 440 [ N ARIRG, 8 20 66 BEVE AT I e o FHERBINA 0.1 mL ¥4k e
5 Rubisco 3% 1, AL 33 mmol - L™ Tris-HCI(pH 7.5).0.67 mmol - L' EDTA .33 mmol - L
MgCl, Al 10 mmol - L' NaHCOs. FBPas iEPEM I Asyg 264 TG (34 02k & (Scheibe et al.,
1986).

16 XEHXERFRIESH
PR BN R 5 d N, B 0.2 @ BRI R i HGH B DR A JEA T RNA SRIBURISE A 3R 08 7y
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Fro & RNA S RNA SRR A & HEE, BL RNA gifbik aadtraith . F s SR & 4 1k cDNA
(58— 448, 1Eh RT-PCR HIBEH . SEiN E & PCR 7 iQ £ (452N & PCR Kyl R G hidt4T. 25 uL
RINVAKZ TS iQ SYBR Green MRS 12.5 uL. ¢DNA 1 pL. EF#E514%& 0.2 pmol - L. PCR
NNV FER: 95 CHIAEYE 3 min; 95 ‘CAEME 10s, 58 ‘CiB/k 45s, 40 MiEIR. FCEIEAERE DGR
(IR K AR WAL . it actin JE B 2 AR I N AR, AR EERI B K 17525 ] Livak
H1 Schmittgen (2001) ) 27440k, A 3 Wk, I TH B9 R AOR 25 145 51 3% 1

£ 1 THER PCR SHEEEFSIY

Table1 Genes and primers used in real-time PCR analysis

FER GenBank %5 ERSIRS] (57-37 5 FE) (537
Gene GenBank accession No. Sequence of forward primer Sequence of reverse primer
FBPase XM_004246317.1 CAAGTGGAAGGACTGGGATT CACAGCAGCATCAATGTTTG
FBPA AF332957.1 AGAGTACCTCAAGGCATGG GAAGCTCCGACGTACTTTCC
SBPase NM_001247656.1 GAAGTGGCACCGTTAGGATT GCCTTAAGCCTTGATGAACC
TPI XM_004236698.1 AGCTTATGAGCCTGTTTGGG ATTTGCTTGAAGCCATTTCC
actin U60478.1 TACAATGAGCTCCGAGTTGC CCATCACCAGAATCAAGCAC
17 HIEAE

N DPS v 7.05 3RAFSAT U 43T, K H Duncan’s YT 25 7 W0 HEAS 56 .

2 HiIR5 0

21 ABEMMHEREREMHIER

XPURFEE 77 2 ~ 3 d R B TE, BRI H XS 03 3 S i IR E L, 2 IS R R4k aly g . pltu
BBl (1) B 0 1 D BRI R S B B, A o A B B 7 505 J BT PR 6 U R BT A 7 R AR K R T
b TH16 (B 1, ¢ F TH54 (K1, e WIFEEGFE 6 d I 7 o5 T M2 I B i v, S5 PurE s (&
1o FAIEFLATHER &) T M E0 W A K, HEEER K, HEREY REE (B D.

€ e f S o
1 AZHE TH4. THI. TH16. TH46 A TH54 SHERKRE F5 K IESE
a: TH4, 6d; b: TH9, 6d; c: THI6, 6d; d: TH46, 6d; e: THS54, 6d; f: PHMEXIIE, 3d; g BAMEXTIR, 6d; h: BIPEXTE, 6d.
Fig. 1 Confronting incubation of Trichoderma harzianum (TH4, TH9, TH16, TH46, TH54) and Fulvia fulva
a: TH4, 6d; b: TH9, 6d; c: TH16, 6d; d: TH46, 6d; e: TH54, 6d;

f: Positive control, 3 d; g: Positive control, 6d; h: Negative control, 6 d.
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2.2 ARBEXMEIMSHEYEERGEMR
FH B B 25 2 B 0, 25 N 07 0 T AN TS BE THL6 R THS4, LA PRyl sk 1084 - mL!

I ) B R e i, 238 69.4%F11 60.0%, i fEFa20 03 A 21.7 A1 29.7, LT ML~ 2555 4T

i, BEEMRRARGI T BIFHOIRIE IR, HmtE e B0z #n, PrwReRrzdRgyg (& 2).

F2 AEHMNEMHBHE B EREER

Table 2 Field efficacy trials of Trichoderma harzianum against tomato Fulvia fulva

73 HTFWE (A -mL™D Pt F L B3%50/%
Strain Spore concentration Disease index Control effect
TH16 2.75 % 10° 329¢ 55.7b

275x% 10 227d 69.4a

2.75 x 107 4320 41.8d
TH54 2.75 x 10° 355¢ 522¢

275x% 10 297 ¢ 60.0b

2.75 x 107 453D 38.9d
H,O (X} # Control) 742 a -
70% F REFEATHE 314c¢ 57.7b

70% thiophanate-methyl

T B S AN A 7B IR 2 Duncan BB AR EAE Poos K L2 B3 .

Note: Data followed by different letters show significant difference at Py o5 by Duncan’s multiple range test.

23 ABEMEMMHHAASSHEW
w2 fos, BRORHE THI6 J&, 5 HBHE AT ARLL, FARRIETEEEE (P, Hifa)
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g
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s
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%200
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&
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E 40
Ty 20
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Fig. 2 Effects of Trichoderma harzianum (TH16) on photosynthesis parameter in tomato leaves infected by Fulvia fulva (F5)
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COKRIE (CH RALFIE (G CO IR ZR (Ag) YBHERIIN, 2 AR R N 28.52%
15.70%- 21.84%F/1 34.80%. EFIHFIRNE FS 5 FET FA Pov Civ Gy Ml A IR N FE. Jefehl
KEGFEM IR F5 (TH16 + F5), w85t a2 5t i .

it Hr A/Cy 2157 T Rubisco ft KR (Vema) M1 RuBP i KFAETH R (I, KR
RE TH16 ST Vemaxs Jmax 358400, MHEF 8006 1H FS FEOCARES) N B RN FERE G
Vemax T Jmax H N, 23 BRI NI T 37.27%H1 31.36%, 7ERER0 5 i 2 BT TR 254 (TH16 +
F5) BHAERE Vemax A1 Imax P BN HEIKA- o

24 ARBEXMNEMMH B Rubisco & FBPase ;& A5

Wil 3 Prox, $:Fh K% TH16 Jio, Rubisco S0 - S5H1ARTE J1BAH AN S W 8 0. AH R, #2
P2 FS J540%1 T Rubisco BgvdtE, SXTIEARLE, Rubisco BELTEMESHILGEIE )0 A FET
38.11%H1 27.17%. Jeiehp K EEFHRI 35 (THL6 + F5), AEIR55 M 425X Rubisco FET M (1410
Hlo FEIRERERNREE TH16 R /K SCIEHA () FBPase BRHE YL~ T 5600, FERh 7290 1 FS 301 7
FBPase i 1, SoeM ARG HHM % (THL6 + F5), [RIFERETN R F5 X} FBPase B M (40,
FBPase i S5 P 541460 )8 BMt 52 F5 203 m 1 115 %, 111 %

a
50 a 30
b - b ) M b
o) =
~ a0 R~3 b
#H o5 M s
g oo oo 20
By 2 30+ c ; g 2 c
g E § R _'.;
2 28 20 2 g~
R iz
8 Z3F 10 T OE
H
0 0
12 .
2 a I 8
5 ~ 2 a
G2 ab b R ~ 2
ﬁ " 31 9 ﬁE " % 6 b
240 £+ 3
[0
Z 72 6L R E & 4 c
A o= A c 2 - A
m £M 2 3 m
 § & = E - d
M= F 3¢t B ZE 2
Z £ ﬂ
0 - . . ) 0
M THie Fs THIG+FS MIE  THI6 PS5 THI6+FS
Control Control

3 ABE (TH16) XEMMHEBHEE (F5) MFEMM K Rubisco Fl FBPase j& 1% AR ME
Fig. 3 Effects of Trichoderma harzianum (TH16) on the activities of Rubisco and FBPase in tomato leaves
inoculated by Fulvia fulva (F5)

25 ABEXEMIH Calvin EIRERERIEHIZ N

H T B TR B SR I BN R T Jmax ILEE, DE T RN Z2 5 RuBP FAE 1) 4 N
DRI R AL IR 5 )

WK 4 o, BEMOARE THI6 )5, 4 MNERREEEIE A S E . Mk, Bz
Wi F5 Jo FBPase. FBPA. SBPase il TPI [{)3 ik & 43 il 00 B 67.79% 63.30%. 62.06%F!
79.65%. SeHMORE AT R (TH16 + F5), BEHLS 2500 B4 T 3 301 Calvin i 5E R R IA &t



3 34 MR S W RO 15 S A 1 e & AR BRI 495

F#{, 1M H FBPase. FBPA, SBPase il TPI 73l APt F5 #4901 6.53 fi%. 3.51 fi%. 5.17 %
F17.81 1%,

5 FBPase 3 . FBPA
3 3
g a g a
S 4 3
=g =g
# 2 # e 2 b
g2 : g2
= =
<% 2 < & b
z £ z & 1L
Tz < -
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~ 0 M ~ 0 L L ’;‘
4.5 SBPase TPI
a 4r

3.0 r b

1.5 +

mRNA FXF 3= B
Relative mRNA abundance
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Relative mRNA abundance
)

LI ;ﬂ

rzl
M THI6  F5  THI6+F5 KT
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<
1
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<
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4 ABHE (TH16) FEMHEE (F5) WEAMM F Calvin EHREEERK TN
Fig. 4 Effects of Trichoderma harzianum (TH16) on gene expression in tomato
leaves inoculated by Fulvia fulva (F5)

3 e

e TP B 9 A S 2, S B I R AR S R A B VR P AR W I FH (Robert et al., 2005
Gruber et al., 2012). K& WELEFA. JUEREIMEM. SfEH . BPUrk ey A K%
HUEIHI L& 3 (Lievens et al., 2007; Bae et al., 2011). AR TS T 5 AN KA H AT
I E2 5 R I RS BUAE 0159 B B AR W S UK B2 IR Ak TH16 F THS4, BFFUSS FR G A n]
A7 2R I B0 TR R R At AR BRI

OB, 0 5 3 B I OGS A, WSS REA R A AE RN SR 20 ol A Al R
A IR R P AR, BRI A AH DG ER 1 IR NI e MR Y 6 468 ) (Dallagnola et al., 2013).
BB I T DL SO SR A ) B AR A s AN S AR DG (R M AT ) 5 g (Ow,
1985; Dallagnola et al., 2013). /N2 JR 805 1) R AR BE 5 GG AR = BEAH O (Bauriegel et al., 2011).
Gruber % (2012) [MBFFTRE], BRAEHET B T B0 6 G R W25 K, Wi 2007—2009 4
(B0 55 1 R AR R, R I BRI e A AR BB E S Ges Vemaxs Ima RS RA A K. K
B AT L B AR SR A IR A DG AR R R AR IE , NI R )06 & 30%. (Mastouri
etal., 2010),

ARIG R, AR BRI B R 5, Pas Cis Gev Awrs Vemaxs Jmax A Rubisco. FBPase 7%
PERJ O W RS, SRR B R BOGE R N S AL B RRE. CO, ENIZBHA G, Hi5nt
PRI B3 T A T B0 A TR T BRI AR ALK ARG . T PP 57 181 e I 0 1 S B0 e
A e I BR, AL BN OK o SaA 1 R RSO0 At T SR T AR R G S e FD A A AR
XKW, ARFEAARIE A ARG A A= W, B S 51 R /R SCIEH b
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FERRIL, JFRERR KN TH], 055 FBPase, FBPA, SBPase F1 TPI14%, I+ TPI Al FBPA {4k
W35 1% TR I B FBP (1) ) )3, FBPase Al SBPase 73 7 {i:4t, FBP Fil SBP /Kfi# /i Fru6P 1 Sed7P
R o X R AR I I S 50 A A DG I S R IR B i T AR AR I WM B IR & R8s, X HRTA
B9t B (Olcer et al., 2001; Shoresh et al., 2010) —%. KT AR EDFER Sy &4
POCREY), WA s A A A 0t 1 AR 55 A BT iR AR IR 2 % F/ A5 o

H AR RS0 5 S P 4 N B [R] /NG b DRI A I B VA 28R (R K 4
JTIRERRIZEN .. FEREMAEE AR, YA R R BIREAEY) . IR R AR
SR FESE GRITERISTRAL, 2005) 0 ARE 45 F A FF A KATE A P il FL 4t 74k, HA¢ TH16
I THS4 B33 H )2 At 25995 B (00 ik FF) 77 325 OOCBSORI ) LA R KT 286 St AL AOR: A A R 7= o 1D 55 il (v e 2
— B
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