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Effects of Trichoderma on physiological characteristics of sunflower
seedlings and control efficacy against Sclerotinia sclerotiorum
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Abstract: T. afroharzianum 838 and T. asperellum 573 with good control effect against sunflower Sclerotinia
sclerotiorun were selected for the study. Different strains application methods on seedling growth, physiological char-
acteristics and control effect against Sclerotinia sclerotiorun of sunflower through pot culture were evaluated from May
to August 2021. The results showed that application methods of T. afroharzianum 838 and T. asperellum 573 effec-
tively improved the control effect of Sclerotinia sclerotiorum of sunflower. T1 of T. afroharzianum 838 ( mixing soil
with 100 ml « pot™" Trichoderma suspension 5 days before sowing+root irrigation with 100 ml pot™" Trichoderma sus-
pension 2 days before inoculation of Sclerotinia sclerotiorum) was the most effective one with disease control efficacy
of 98.58%. Different application methods of 7. afroharzianum 838 and T. asperellum 573 all improved the plant

height, stem diameter, whole plant fresh weight and root shoot ratio of sunflower seedlings compared with CK1 (on-
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ly using sunflower Sclerotinia sclerotiorum to irrigate roots without Trichoderma suspension). T1 treatment of T. afro-
harzianum 838 had the best promoting effect on the morphogenesis and material accumulation of sunflower
seedlings. Compared with CK1, plant height, stem diameter, whole plant fresh weight and root shoot ratio of sun-
flower seedlings increased by 58.82% , 177.42% , 595.17% and 41.67% respectively. Different application methods
of T. afroharzianum 838 and T. asperellum 573 all increased the contents of soluble sugar, soluble protein, proline
and chlorophyll in the leaves of sunflower seedlings, and reduced the content of MDA and cell membrane relative
permeability in the leaves. T1 treatment of T. afroharzianum 838 had the best effect on promoting the physiological
characteristics of sunflower seedlings. Compared with CK1, the contents of soluble sugar, soluble protein, proline
and chlorophyll in the leaves of sunflower seedlings increased by 179.91%, 132.10%, 98.68% and 129.27% re-
spectively, while the content of MDA and cell membrane relative permeability decreased by 49.44% and 53.22%
respectively at 35 days after sowing. The results showed that T. afroharzianum 838 and T. asperellum 573 in this
study increased the physiological characteristics, promoted the morphogenesis and material accumulation of
sunflower seedlings and improved the control effect of sunflower Sclerotinia sclerotiorun.

Keywords : Trichoderma ;sunflower;Sclerotinia sclerotiorun ; physiological characteristics ; control efficacy

m] H 2% ( Helianthus annuus L.) J& T 2525 W}
] H 2% J@ A Wy, i b it 1 5 L 3 P
S, CE TR T A 1) B OSSR A R AR
R AR TR T Il S AR AR TR E Y, 02
FEAILACTT AR Ib b XN PG b DX 2 AT Hb X R £
LA M EEZTAEY ™ . SR ERE Rkl
ZUGHHE B2 [ ) H 2% 45 B2 ot T AR Y 20 s Se 4
IR 2019 AR B H ZE4F B AR E FH 2 736.88
Ji hm?® B EE S 607.27 T3 v, HE ) HOSE A T AR
=R 5 85.00 J7 hm® F1242.00 J3 %) Jaiit:
FA 6 in, AT WL X B ) H 3% 77l i A Je BTk
R, BtiE 25 B R A9 A 36 K e &, X m) H
FERFRL SR i ) 7 SR A AN TG n, 1) H 25 A
TAALEAE IR,

] H 2% BRI AZ 5 J2 PR 9 Dt L TR A2 28 B ( Selerotinia
sclerotiorum ) 5L, 120 2 AE 2 BR A% 1) H 25 FAE b
KILF#A &N fEh EARIL NF S,
] H 25 A% -2 R0 % 40% ~ 60% , i (= 1l ik
90% Lk 1) P RS R 1) H S5 AL, 2 1A H
L R RR &, BRI, X 1) H 55 A% Y B
1B EZR AR B IG 38T DU b R 127 B A A
ARG S T, E R AR M B I FR 0T 32 00 o A
Wi RERTRE S LA BT A B AR AIOR W (HH AT
BETRTADUL PRI 5 R 2GR B B R M
YR AR IA R A ER AR A B 1 H 2%
FRIAZ I3 1 B it KB ( Trichoderma spp.) J& H
HIAF G RN FH ol )2 AR B L R A 2 —

AR SR T EHEA SUERE] ERE T,
22N M EH AR KR — A A
B, Ahmad 451 BF9Y R W, K B B E O S IR

AR SR e R A ) AR I R R B2 B I 1)
H 25 B 58 B 4 2 i 4l , Mathews 55" A
FER I R A FEAE DD 7] H 28 B AZIE 1805 T B A
BRWE Ty 5 R S o X IR B SR O R B, R
EE*%?( Trichoderma koningii) Xt 1] H 2% B A% A B
A EERAFEHUE R, X0 SR R i 35k 41.4% 5 T
75 Y 3 5 TR 2 AR R I & B, 5 B X )
H S£40 B 40 TR A s A 1D Bl 7 2, B R A B 75%
M I AT 34% ; &% BF o8 & 9, K55 18 Bk
MIM2 % W0 1) H 5 T A% 0 T 1 22 10 ) 32
82.6% , FAXBEL N 73.8% , HIHIBi %K 60.0% . {1
X5 BAT JRBR M, 3 RIS T AR R TR A A
W22 VR, 3R EAT TR AR Y B S0
B WHSTA RS R GE . AT AR A0 155 34
S0 e 1 X 1) 28 TR A A I3 B IR SOR IR
IR, BRGSO 2000 1) H 2640
ARG AR R M B 1) 2 TR A B R RROCR 1Y 52
U W o N 4= Bl S P B 5 2 N

1 ARSIk

1.1 kst
LI X & B &S Ry F25 541
S, B E O B 2 B A A P B 5 T JER B i 6
S PR AL
112 BRR3EA Ak Hh R0 S A WE A A 85 5%
FE(PDA) 8 200 g, Hii 454 20 o, Bl # 20 g,
ZEIE7K 1 000 ml, pH 7.0~7.2,121°C & 2R KA
30 min, G,

LR A AR RS R AL (PD) - B85 200 g,
HZIE 20 g, ZEMIK 1 000 ml, pH H 4R, 121°C & &



5513 i

HEZE ORBETRON 1] H 240y A BRI K RS0 B 16 ORI 52 171

FRIEK A 30 min, B HE 5 H .
113 geXds fHlER S LHARIER 1,
AN T B R 47 el v RO R 2 B AR ) DR 4 0T 9
AREHVF AL

1) H 22 PR U TR < 4% 25 58 ( Sclerotinia sclero-
tiorum ( Lib.) de Bary) , H H & e b Bl 24 B 48 4 P 3
WFFEIT AL F AL IR A B e 2t

F1 HAKREEEK
Table 1 Test strains of Trichoderma spp.

WS Strain code KEZH IR Trichoderma name

573 AT T.asperellum
1000 W IKAREE T.harzianum
525 BRAUAREE T.asperellum
1042 W IRAEE T.harzianum
1038 WX AEE T.harzianum
647 HIARE T.asperellum
752 W IXAEE T.harzianum
940 BRAAREE T.asperellum
838 ALY KAEE T.afroharzianum
758 FIARE T.asperellum

1.1.4 BEXE3E ERTREAKR4 1Y
BE . B THEATEIEIRY . 2% 183.41 mg -
ke ™", Bl AL 137.785 mg - kg', & W 13.29 mg -
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kg™ ,pH fH 7.31,
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TEIRTERR 15200 T3 (4) 5 FH ] H 5% B A 1A AR
HANHE AR BE R BT, Bk CK1 (5) SRk I TC R 7K
TR AT FH 1) H 25 ARG TR IR B R TR, Ik
CK2, HEMAbBRE 60 75, FEHLIX i1, 3 IR A ,
1.42 MEAeARE 7 E HME 15 Jd M) 35
d, BB 15 RRAEHE (AN EE S ¥R, 1T
DU SE 0] F 540 1 1 A5 48 br A R B 48 b, 1158
HR5E L 5 ) Bsf 30 4 A 4 B 55 B 30 Bk (A~ 10
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T.afroharzianum 838 Fll T.asperellum 573 Z [8] 25 5% A~
BEETH B E w T AL R, 2000 L R AR B
T.harzianum 752 JfEARE T. asperellum 040 i f1 A
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MWARE T asperellum 647 | Mk K% T. harzianum
1042 BifIARE T. asperellum 525 AR ARE T. harzia-
num 1038 & 5.82% . 7.61% . 9. 37% . 15. 68% .
15.93% .23.17% .33.23% .33.83% 1 5.09% .6.88% .
8.62% 14.88% .15.13% ,22.33% ,32.31% .32.91%
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Table 2  Screening of Trichoderma strains
MR BT AR R

ARER

Trichoderma strain Colony diameter of Colony diameter of Inhibiting

control group/cm treatment group/cm  rate/ %

B[R0 9/ A

T.afioharsianum 838 80.83+0.48a 6.58+0.21e 91.86+0.04a
Tl N
LA 80.83+0.48a 7.09+0.02¢ 91.23+0.02a
T.asperellum 573
MRATE
T harsianum 752 80.83+0.48a 10.66+0.13d 86.81+0.32b
AR
T.asperellum 940 80.83+0.48a 11.83+0.17d 85.36+0.21b
o
AR 80.83+0.48a 12.94+0.22d 83.99+0.15b
T.asperellum 758
IR
T harsianum. 1000 80.83+0.48a 16.64+0.05¢ 79.41+0.12¢
. FRALAR 80.83+0.48a 16.78+1.21¢c 79.24+0.11¢
T.asperellum 647
AR
T harsianum 1042 80.83+0.48a 20.55+0.45b 74.58+0.13d
AL 80.83+0.48a 25.10+0.11a 68.95+0.05¢
T.asperellum 525
A A
A 80.83+0.48a 25.35+0.13a 68.64+0.08¢

T.harzianum 1038

E R EUE P BE AR e 22 | [ S0 AN[R) /NG 7 5] 38R Ab B
] 225 .3 (P<0.05) . T,

Note : Values are mean values+standard error in the table. Different
lowercase letters mean significant difference at 0. 05 probability level

within the same column. The same as following.
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KRR ELAS Tt FH 1] H 3% TR A2 B AR B B TR IR
Iy 9l 58. 82% . 47. 90% . 38. 66% F 36. 96% .
27.54% .19.57% ; CK2 # i 3% &5 T CK1, 3 1% K
15.97%, T1 254 % % & F T2 . T3, CK2 ,CK1, 435
= 14.67% .26.47% .86.96% 177.42% , Kb ¥ 2 [a] 22
SR EIKF, K AB A T.asperellum 573 7~ [A)jifi
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FHJ5 2R ) H 2Ll ik A S 0 R B, T1 Bk
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0 I ] — A 25 T AN [ e P O =% 1) 28 40 v vk s
A ERCR A 2257
ST A E = VI O | O U B/ N = S
afroharzianum 838 B T1 T2 T3 WK = FlI 25 HL 44 5
TR EE T. asperellum 573 XF R ALFR T2, 43531 =
7.39% 7.32% .7.84%F 19.44% 19.05% 17.24%
W HZEREM S 35 d, T. afroharzianum 838
T. asperellum 573 X&)y 1 4= Pk fief =5 AR e L 52 ) 4
K 2 Fios, K 2A N T. afroharzianum 838 7 [a]jiti FH
753 CR [a] H 2840y v Ak B MR GE LL R B, T1 42
e EE MR HE e i, 2090 0 6.87 ¢ A10.17, T1 5
T2 T2 5 T3 Z[Hp ek S22 R A B2 HT1 T2,

11.2

247 (A) T afroharzianum 838 %
§20 3 a ab 10
16 08 2
] =
T2 0.6
= 5
f_ 8 04 3
g =
x 4 0.2 #

0 : : : : 0
CK1 CK2 Tl T2 T3
Ab #E Treatment
241(B) 7. asperellum 573 112
=
= =
g 20 1.0 E
161 10.8 8
2
= 12f 063
= 5
~ gt 104 H
E o=
2 e
= 4 10.2 sy
0 ' A - 0
CK1 CK2 Tl T2 T3
4k 3 Treatment

[ #k = Plant height

T P IE R 22 RN AR HEZE KN . RRIVNG FRERIR
T[] — I 40725 Ak B2 i 22 e 8. 3% (P<0.05) , T I,

Note : Values in the chart are standard error. Different lowercase

—— =L fH Stem diameter

letters in the same period indicate significant difference( P<0.05) a-
mong different treatments. The same below.

B 1 FEMIERAKRE T. afroharzianum 838( A) FRAAE
T. asperellum 573(B) X} @) HZ= 4 E#k m F = H A 220
Fig.1 Effects of T. afroharzianum 838( A) and
T. asperellum 573(B)on plant height and

stem diameter of sunflower seedlings

T3 ¥ W E &S T CK1 Ml CK2, 43 9 & 95. 17% .
78.98% .66.19% 1 63.57% .50.00% .39.29% ; CK2 4>
PRfif H 2 S T CKL, ¥R R 19.32% ., T1 ARIE
WEE T T2, T3, CK2, CK1, 4> 9 & 13.33%.
21.43% 30.77% 41.67% ;T2 T3 5 CK2 Z %A i
F HBFEST CK1, 5035 25.00% ,16.67% ; CK2 .
CKl Zm % ANEE K 2B N T. asperellum 573
ATt 77 =R ) H 25 40 1 4 bk 6 o ROAR 5 L 1Y
FIL, T & 1 4 bk e R AR R b I, 0l ok
5.84 ¢ f10.18, T1 &bk & B % T T2, T3 .CK2,
CK1,43 51 12.74% .19.92% .39.05% .65.91% ; T2
T3 ZH 22 %A 0 B8R EST CK2,
CK1,43 % 7 23.33% . 47.16% F1 15.95% . 38.35%;
CK2 4 Pk&f f B 25 T CKL, 08 4 19.32%, T1
M5 be ik 2 /55 T T2 . T3 .CK2 \CK1, 5351l 55 12.50% .
20.00% .38.46% .50.00% ; T2 5 T3 Z [6] & 3 A i &
HHF Y8 FEE T CKl, CK2, 43 9 & 33.33%.
23.08% Fi1 25.00% .15.38% ; CK1 5 CK2 R k.22 1]
ZFARRE, CKI 2 ik f AR G AR, 530 A
3.52 g M10.12,

AFEEH =0T ARG AR EE T. afroharzianum
838 11 T1 T2, T3 14tk fif 5 1 & TR EE T as-
perellum 573 X ALIE T2, 430 55 17.64% 21.62% |
20.12% {0 35 Z [AI AR e b 22 S ARV

Zx bl REEA )it A 7 =0T ) H 2540 Ak
1 SRR Ak et AR S EE R A FH AR A AR TR]

121 (A) T afroharzianum 838 10.20 o
= a 2
EIT A s
510 b b 10.16 Z
z be 2
0= gf c a £
W& 3 : ab y 10127
B or E
¥ g d ¢ 10.08
e 4r 2
2 5l 100412
= #
Z 0 ' - - s 0
CK1 CK2 Tl T2 T3
Ab ¥ Treatment
107 1024 o
= (B) 7" asperellum 573 =
5 gt a 10.20 =
=z b 1)
s 7, b o
e a : {0.16 2
S 6r ¢ ¢ - b i
s b -
&< . 10123
£E4r d ~
ws 10.08 53
L N
E 2r _0_04.‘@
g =
| I . | | 0
CK1 CK2 Tl

[}

T2 T3
4b ¥ Treatment
[ #k i Plant height —— =2l Stem diameter
2 JEMRERAKRE T. afroharzianum 838 ( A) FARIAKRE
T. asperellum 573(B) 3} [6) HEE4h B £ kB EFNIR 2 Lk A9 M
Fig.2 Effects of T. afroharzianum 838( A) and
T. asperellum 573(B) on whole plant fresh weight

and root shoot ratio of sunflower seedlings
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BN R A% T. afroharzianum 838 f4) T1 Ab PR X [a]
H 2540 i T A gl i R ) o R R 0 A8 R e, o i
1) B 2R P PR T A AR E

2.3 AEEXI[E HZELEHMF ERBS RN
231 AERASOBRYEG R A _BALYENY
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55,9 9.31 wmol - g”' . T.afroharzianum 838 Fl T.as-
perellum 573 AbFEF CK1 W3 & T CK2 . T1.,T2 T3,
4391 79.38% 49.44% 30.21% 24.80% F179.38% .
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435l 40.85% . 8.14% 1 50.67% . 15.68% ; T. afro-
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Fig.3 Effects of Trichoderma on malondialdehyde

content of sunflower seedlings leaf
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Table 3  Effects of the control efficiency of Trichoderma

against Sclerotinia sclerotiorun of sunflower

i LI H % " FIR SR/ %
N BRI ey PIIROR
Trichoderma | Disease . . Control
I'reatment L. Disease index .
spp incidence efficiency
Tl 2.56+0.42¢  0.83+0.01f 98.55+1.13a

T. afroharzianum

333 T2 9.96x1.33d

T3 9.36+0.57d
T1 3.18+1.21e

2.50+0.03de 95.65+1.67b
3.33+0.08d 94.20+2.74b
1.67£0.08¢ 97.10+2.27a
T2 10.85£1.21d  4.17+£0.23¢  92.75+5.17¢
T3 15.36+2.17¢  5.00+0.35¢  91.30+2.69¢
CK1 97.58+5.22a 57.50+1.59a

CK2 26.12+2.19b  17.50+0.26b 69.57+2.11d

T. asperellum

573

4.76% 37.50%F1 1.56% 3.17% .35.42% ; T. asperellum
573 19 T2 T3 Ab PR 2 [H] 22 S AN b 0 — 35 i 3 v
T CK2, 43517 33.33% 1 31.25% ; CK2 (IR AR R
1%, 69.57% it W A8 Tl 2 At 1 Oy X% 1) H
SRR IBTIRRRAT — R, A2 7™ b 3R H Y
ATt 7 2ORH B R R AR B RARAT — o B I

3 W ®

P A% 25 T 5 | S 1 R A 0 2 38 B ) H 25 7k 28
Vrit ok i) B 2 — i et A4S Ml ) H 2%
P X &A= K L R R AR A
T AR 2% B 5 e, 10 2 fE SR S e Hm T
i o ORI O B 7 i 1S s Dl o TR B A
] H SE 09 68 A E AN RS S8, B BIE B8l
I H S5 RA% I B A B 2 B0k . W AR AR AR SR
S X IR X 56 9 2 1R 6T 1) 2% A A TR A 4 AR
) NM63 .JQ134 .J7.79 .J33 Il ZX6 L 6 Fh i #k , ¥
BUIE 79 F1 ZX6 %55 N 5555 1R & ( Streptomyces ) , 4t
YU NM63 ., JQ134 . J7 F1 J33 %% M ZE AT B R
(Bacillus) 5 A% 150 % W] WAk NM63,JQ134.J7 .79,
J33 1 ZX6 T F 1 B 36 80 43 5 R 79.06% |
74.10% [70.72% 67.83% 65.11%H1 57.11% , 55 45 K s
BAIL(Z9 : NM63 : JQI34 : J7=1:1:1: 1)MEH
RIERFIN(Z9 : NM63 : JQI34 : J7=1:2:2: 1)
BRIASCR A 81.43% 11 85.88% , AU T #A I 31]
A 3 56 b 0 18 1 B9 T, afroharzianum 838 F T. as-
perellum 573 REEHRE , H: 3 PR 200 2k 1w
H 2SR R 93.84% L) I, B T SClRkIRaE , 134
HIABIFSR i e 1) AR B TR R AT — 2 TS AR %

REAGE B DU YR R MUY, B
PEREL A AR A PR A AR K PR T
Zhao %[28] Wi 2B , Trichoderma afroharzianum TM2
—4 B 77 AR A s MR SRV 2 i A 8 R
YER, HEE 32082 100 5 B B |, 500 T R4
KB ARG 1HRE 0 B4 = T 28.7% . 19.4% F

62.1% ; Yani 25" ®F 55 & 3, A EF ( Trichoderma
spp ) AT R R ey AR R R 2K R 3 1] 0T R
a1 0.8% .9.0% ~23.0% .21.0% ~51.0% , i Fi K%
AR AT LR R R o, AT R, 5 CK1
L, T. afroharzianum 838 I T. asperellum 573 1) 3
s #3721 1) H 28 4 R T A A
JEOBEARGS B, W AR 2 23391 h 19.05% ~49.44%
25.88% ~ 53.22%; $i i T W AT PR ATV A AR
I IR 2 2R 5 i 4 R i R 300 R 88.96%
~179.91% .61.83% ~ 132.10% . 35.98% ~ 98.68% .
68.29% ~129.27% , [RIW} | T. afroharzianum 838 FI T.
asperellum 573 19 3 Fp b ¥R Ty X 45 1T 10 H 254
HIRRE ML R U L, B R )
28.57% ~ 58.82% , 87.10% ~ 177.42% . 38.35% ~
95.17% ,16.67% ~50.00% ., X J2: Kl >y A 23 1o 14 45
T A AR A A G R R T 4 AR R
AT AR HE T R AR AR

4%

AEPNE KA EE T. afroharzianum 838 FIPEAE A 2
T.asperellum 573 N[l jiti FH 75 203l s 4 55 1) H 2540 18
AR SR T OB S B MY BT R B T
] H S8 R A I Pk . b IR IS AR5 T
afroharzianum 838 [ T1 AbBE (&M AT 5 d F 100 mL

AR ETRIR A A R AR AT 2 d
100 mL - Z5 R EERE AR ) N FHASCR S, )
H 2836 FP 5 35 d, iZ AL BAR AR I R vp i T g T
SPESR M 2R R g R S 4 i b K $
179.91% 132.10% 98.68% .129.27% ,MDA & 4
JHEEAE %k 375 P 23 S L CK1 [41549.44% 53.22% ; %))
Btk EHL, A bR AR GE L 40 L CK 4
58.82% 177.42% .595.17% 41.67% ; H.%F [n] H 2%
IR B B 3GA H] 98.58%
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