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Stem Blight Control of Schizonepeta tenuifolia Caused by Phyto-
phthora nicotianae Using Trichoderma spp.
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Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing
100193, China

Abstract:

Objective To control stem blight disease of Schizonepeta tenuifolia caused by Phytophthora nicotianae. Methods
The antagonist effect of 13 Trichoderma strains (including T. viride and T. harzianum) was evaluated upon mycelia
growth of P. nicotianae. Trichoderma strains with high antagonistic activities against the pathogen were used to control
stem blight of S. tenuifolia in the field. Results
mycelia growth inhibition (83.2%) to the pathogen, followed by T. viride strain Tv04-2 (78.2%) and then T. harzianum

Of 13 Trichoderma strains tested, T. viride strain M3 showed maximum

strain ThB (65.0%), in vitro. Fungal cell wall degrading enzymes, protease, and B-1,3-glucanase were analyzed
qualitatively and quantitatively in further study. T. viride strains M3, Tv04-2, and T. harzianum strain ThB efficiently
against P. nicotianae were used to control stem blight of S. tenuifolia in the field, and T. viride strain M3 showed the best
biocontrol potential. Conclusion Trichoderma spp. can be used as alternatives of pesticides to control stem blight, one
of the serious soilborne diseases of S. tenuifolia caused by P. nicotianae. However, though T. viride strains Tv04-2 and T.

harzianum strain ThB are also highly against P. nicotianae in vitro, the controlling efficacy of them on stem blight

disease is not as excellent as T. viride strains M3 in the field.
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Introduction

Schizonepeta tenuifolia Briq. is a widely grown
medicinal plant in China, and P. nicotianae causing
stem blight is a most serious disease of S. tenuifolia
(Zhang et al, 2009). Application of antagonists against
the pathogen was the most economical, environment-
friendly, and effective strategy.

Of the
Trichoderma spp. has been known to suppress many

various biological control agents,
soil borne fungal diseases by various mechanisms, such
as competition for nutrients and space (Wang et al,
1999; Sun, Yang, and Song, 2005), production of
inhibitory volatiles and non-volatiles (Xian and Li,
2009), mycoparasitism involving the production of
hydrolytic enzymes (Viterbo et al, 2002; Dutta and
Chatterjee, 2004; Dhar, Mishra, and Chaudhary, 2006;
Zhou et al, 2008), etc.

Also, many papers reported the study on antagonistic

mechanisms and controlling of P. nicotianae in tobacco
successfully (Wang et al, 2001; Li et al, 2002; Li et al,
2006; Chen et al, 2009). The present study has been
designed to screen Trichoderma strains with high
antagonistic activity against P. nicotianae, the pathogen
of stem blight disease on S. tenuifolia under in vitro and
field conditions.

Materials and methods

Materials

P. nicotianae was isolated from roots of diseased S.
tenuifolia and maintained on V8 slants at 4 “C until use,
which was identified by ZHANG Zheng. Thirteen
Trichoderma strains (T. viride strains Tv04-1, Tv04-2,
Tv04-3, Tv04-4, Tv04-6, M1, M2, M3, M4, M5, and T.
ThB, Th3080, Th3093) were
obtained from the Institute of Microbiology, Chinese

harzianum strains
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Shenyang Agricultural University, China.

Dual-culture method used for Trichoderma spp.
and P. nicotianae

Dual-culture method was used to study the
competition and mycoparasitism between the pathogen
and the antagonists by inoculating them together on the
Petri dish. The plates were then incubated at (25 + 1) 'C
for 7 d, mycelia growth of both the pathogen and the
antagonist was measured, and inhibitions of Trichoderma
strains against the pathogen were calculated. Petri dish
inoculated with the pathogen only was served as
control.

Qualitative and quantitative tests of [-1,3-
glucanase activity

The transparent circle method was used to detect the
present of B-1,3-glucanase on the culture medium (6.80
g/L KH,PO,, 17.98 g/L K,HPO,, 5.00 g/L yeast juice,
4.00 g/L powdery of poria, 0.10 g/L aniline blue, 14.00
g/L agar) (Wang et al, 2007; Guo et al, 2008). Discs of
Tricroderma spp. were inoculated on the centre of the
medium. After incubated at (25 + 1) ‘C for 4 d,
transparent zone on plate was observed and measured.

Enzyme activity of B-1,3-glucanase was measured
according to Yu, Xie, and Huang (2007) with minor
modification. Czapek medium free of agar was used to
prepare Tricroderma spp. shaking at 150 r/min and 25
‘C. After 4 d cultivation, culture of Tricroderma spp.
was centrifuged at 10 000 r/min for 20 min, and the
supernatant (the extract of crude enzymes) was stored
at —20 ‘C. 3,5-Dinitrosalicylic acid colorimeitry was
used to measure enzyme activities of the crude extract.
Take 100 pL laminarin (0.1%) that diluted with sodium
acetate-acetic acid buffer (0.05 mol/L, pH 5.5),
preheated at 37 °C water bath for 5 min, and added 100
pL crude enzyme extract. After well mixed, the mixture
was put at 37 C for 30 min. Reducing saccharides were
evaluated by DNS method (Jijakli and Lepoivre, 1998),
and 1 pg glucose generated every minute at 37 ‘C as
one enzyme activity unit (1 U/mL).

Qualitative test of protease activity

Protease activity was evaluated by plate
transparent zone method (Xu, Feng, and Xu, 1998).
Disc of Tricroderma spp. was inoculated at the center
of the medium plate containing 10 g/L gelatin and 15
g/L agar, and cultivated at 25 “C for 3 to 4 d. Then, 5
mL HgCl, (150 g/L) was used to treat the plate that

growing with Tricroderma spp. for 15 min, and the
diameter of transparent zone was measured.

Qualitative test of volatiles and non-volatiles

Production of volatile antibiotics was studied
according to Cao et al (2007). Every 15 mL of V8
medium was poured in both the base and the lid of Petri
dish, respectively. The lid was inoculated with the
pathogen and the base inoculated with Tricroderma spp.
The base and the lid were tightly enveloped by parafilm,
and incubated at 25 C for 4 d. Treatment without
inoculated Tricroderma spp. was used as control, and
three replicates were set for each treatment. The
inhibitory percentage on mycelia growth of the
pathogen was calculated based on colony diameter.

Production of non-volatile antibiotic was studied
according to Liu and Wen (2005). Two layers of
immobilon-Nc¢ membrane were placed on V8 medium,
Tricroderma spp. was inoculated on the center of
membrane, and inoculated at 25 ‘C until the colony
diameter reached about 5 cm. Then, membrane and
Tricroderma spp. colony were removed, and the
pathogen was inoculated at the center of medium plate,
and incubated at 25 ‘C for 4 d. Pathogen inoculated on
medium plate without metabolites of Tricroderma spp.
was used as control, and three replicates were set for
each treatment. Colony diameter was recorded every
day, and mycelia growth inhibitions of Trichoderma
strains against the pathogen were calculated.

Control of stem blight disease in the field

Potential antagonists Tricroderma spp. were
finally subjected to the field trials in order to assess
their efficacy in controlling stem blight disease caused
by P. nicotianae on S. tenuifolia. Different biocontrol
antagonists were prepared. Artificial medium (10 g
cornmeal, 10 g wheat bran, and 7 mL distilled water)
was taken into 250 mL flask, sterilized and inoculated
with respective antagonists and incubated at (25 + 1) C
for 10 d. Artificial medium (10 g oatmeal, 5 g cornmeal,
5 g wheat bran, and 8 mL V8 vegetable juice) was taken
into 250 mL flask, sterilized and inoculated with
pathogen and incubated at (25 = 1) 'C for 5 d. After
incubation, both the pathogen and antagonists cultures
were air-dried at room temperature naturally. When
sowing of S. tenuifolia seeds, antagonists were applied to
the 2-5 cm deep soil with 40 g/m”. Fifteen days before
high occurrence of stem blight disease on S. tenuifolia,
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antagonists cultures were applied on the surface of the
field soil with 40 g/m* and the pathogen culture was
artificially inoculated on the surface of the field soil 15 d
later. Ten days after inoculation, total number of plants
and number of plants infected were recorded, and control
of infection by Trichoderma spp. was calculated.

Statistical methods

The inhibition formula was as follows: Inhibition
(I) = (diameter of control — diameter of treatment) /
diameter of control x 100%. One-way analysis of
variance and LSD method in SPSS 13.0 was used to
analyze the significance of Trichoderma strains against
the pathogen. Capital letters (such as A, B, etc.) were
used to indicate the significance at 0.01 level, and lower
letters (such as a, b, etc.) were used to indicate the

significance at 0.05 level.

Results

Antagonist activities of Trichoderma spp.
against the pathogen

Among all the antagonists used, T. viride strain
M3 was the most potent one to control mycelia growth
of the pathogen with 83.2% efficacy, followed by T.
viride strain Tv04-2 and T. harzianum strain ThB,
which showed 78.2% and 65.0% mycelia growth

inhibition of the pathogen, respectively (Table 1).

Table 1 Effect of Trichoderma spp. on mycelia growth
of P. nicotianae

Trichoderma spp. Colony diameter of Mycelia growth

strains pathogen / cm inhibition / %
M3 0.90 +£0.01 83.2+0.2 Aa
Tv04-2 1.18 £0.06 782+ 1.1 Aa
ThB 1.89 £0.05 65.0+0.9 Bb
Tv04-1 1.95+0.03 63.9+ 0.6 BCb
Th3093 2.01 £0.06 62.8+ 1.1 BCb
Tv04-4 2.25+0.04 58.2+ 0.7 BCDbc
Tv04-3 2.26+0.08 58.0 £ 1.4 BCDbc
Th3080 2.29+0.12 57.6 +2.2 BCDbe
M2 2.29+0.18 57.5+ 3.3 BCDbe
M1 2.38+£0.03 55.8+ 0.5 BCDbe
Tv04-6 2.41+0.25 55.3 +4.7 BCDbed
M4 2.59+0.05 51.9+ 0.9 CDcd
M35 2.70£0.10 49.9 + 1.8 Dcd

Capital letters indicate the very significance difference, and lower

letters indicate the significance difference, same as below

Hydrolases activity test
Mycoparasitism of Trichoderma spp. on plant

pathogens was closely related to hydrolytic enzyme

production. In this study, B-1,3-glucanase and proteases
secreted by Trichoderma spp. showed significant
inhibition on mycelia growth of the pathogen through
degrading cell wall of the pathogen mycelia. For all
Trichoderma spp. tested, T. harzianum strains M3 and
Tv04-2 exhibited significantly higher B-1,3-glucanase
activity, and T. harzianum strain ThB and T. viride
strain Tv04-2 showed higher proteases activity, in
vitro (Table 2).

Table 2 Assay of B-1,3-glucanases and proteases activity

Hydrolases Trichoderma  Diameter of
strains transparent cycle / cm

B-1,3-glucanases M3 4.10+0.03 Aa

Tv04-2 4.18+0.07 Bb

ThB 2.43%0.11 Cc
proteases M3 4.5240.11 Aa

Tv04-2 5.68+0.07 Bb

ThB 5.28+0.06 Cc

B-1,3-Glucanase activities of T. viride strains M3,
Tv04-2 and T. harzianum strain ThB were evaluated to
be 19.26, 7.38, and 3.24 U/mL, respectively, which
were positively correlated with diameter of transparent
zone generated.

Volatiles and non-volatiles tests

The assay of volatile and non-volatile antibiotics
suggested that three Trichoderma strains tested were
capable of producing volatile and non-volatile
antibiotics in vitro and that they showed adverse effects
on mycelia growth of the pathogen. Results showed
that both non-volatiles secreted by T. viride strain
Tv04-2 and volatiles secreted by T. harzianum strain
ThB had the most significant inhibition against mycelia
growth of the pathogen; also we found that non-
volatiles secreted by Trichoderma spp. were better than
volatiles (Table 3).

Control of stem blight disease in the field

Controlling stem blight disease caused by P.
nicotianae on S. tenuifolia was conducted in the field
for two successive years with the application of
biocontrol agents (Table 4, Fig. 1). Of three antagonists
tested, T. viride strain M3 showed maximum control
rate of the pathogen infection, 80.56% in 2008 and
76.83% in 2009.

Though T. viride strain Tv04-2 and T. harzianum
strain ThB showed significant inhibition on mycelia
growth of the pathogen in vitro, control rates of the pathogen
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Table 3 Effect of volatile and non-volatile substances secreted by Trichoderma spp. on mycelia growth of P. nicotianae

Volatile substances Non-volatile substances
Treatments Colony diameter of the pathogen/cm  Growth inhibition/ %  Colony diameter of the pathogen/cm  Growth inhibition / %
CK 5.131+0.24 Aa — 5.13£0.24 Aa —
M3 4.8240.05 Aa 6.0 3.6610.05 Bb 28.7
Tv04-2 4.2240.08 Bb 17.7 3.48+0.15Bb 322
ThB 3.80+0.28 Bc 25.9 3.81+0.08 Bb 25.7

Table 4 Controlling efficacy of antagonistic Trichoderma spp. on stem blight of S. tenuifolia in the field

Year  Treatments Total number of plants

Number of infected plants

Infection / % Control rate of infection / %

2008 Control 126 97
M3 144 28
Tv04-2 87 56
ThB 103 43
2009 Control 372 323
M3 315 73
Tv04-2 417 263
ThB 276 151

76.98 £3.39 Aa -

19.44+1.71 Bb 80.56
64.37+0.68 Cc 35.63
41.75+3.61 Dd 58.25
86.83+£2.41 Aa -

23.17+3.25Bb 76.83
63.07+3.07 Cc 36.93
54.71+2.01 Dd 45.29

B

Fig. 1 Bio-control efficacy of T. viride strain M3 against stem blight caused by P. nicotianae on S. tenuifolia (A)
and control (B) only inoculated with P. nicotianae
A: most of S. tenuifolia plants growing well in the field, though part of them also infected by P. nicotianae, the degree of damage was not as heavy as
control that inoculated with the pathogen only. B: many P. nicotianae infected S. tenuifolia plants died without the protection of Trichoderma spp.

infection in the field by T. harzianum strain ThB were
58.25% in 2008 and 45.29% in 2009, respectively,
followed by T. viride strain Tv04-2 35.63% in 2008 and
36.93% in 2009.

Discussion
Potential antagonism of Trichoderma spp. includes

competition, antibiosis, mycoparasitism, etc, and

mycoparasitism of plant pathogens by Trichoderma spp.

has been well documented. Mechanism of hyper-
parasitism includes various kinds of interactions like
coiling of hyphae around the pathogen, penetration,
production of haustoria, and lysis of hyphae, etc.
Mycoparasitic Trichoderma spp. may recognize cell

wall components, hydrolyse, and utilize them as

substrate (Harman et al, 2004). Some Trichoderma spp.
can colonize and penetrate plant root tissues and initiate
a series of morphological and biochemical changes and
induced the plant defense responses (Ozbay and
Newman, 2004).

Antibiotics, such as volatiles or non-volatiles, can
be secreted by antagonistic agents, such as
Trichoderma spp., which were also demonstrated by
the results in this study. They exerted strong inhibition
on the pathogen by producing compounds like
harzianic acid, alamethicins, tricholin, peptaibols,
antibiotics, 6-penthyl-a-pyrone, massoilactone, viridin,
gliovirin, glisoprenins, and heptelidic acid etc. (Evident
et al, 2003; Benitez et al, 2004).

It is evident from the results that antagonistic
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agents showing excellent antagonist activity in vitro
condition may not have effective control of infection in
the field. So, it was necessary to evaluate the biocontrol
capability of antagonistic agents against the pathogen in
the field. It may be advantageous to identify an isolate
with high enzyme activities on cell wall of plant
pathogen. Clone and transfer of the hydrolase gene from
Trichoderma spp. to target plants, and constitutive

expression of high amounts of lytic enzymes will

enhance the resistance of host plants to pathogen steadily.

Furthermore, if expressed products of the transferred
gene have biocontrol capability against a wide range of
pathogen, transfer of the target hydrolase gene to the
plants would have a very important significance.

References

Benitez T, Rincén AM, Limén MC, Codéon AC, 2004. Biocontrol
mechanisms of Trichoderma strains. Inter Microb 7: 249-260.

Cao YT, Yao G, Wen CJ, Liu BW, Xi YD, Peng HX, 2007. Screening
of Trichoderma spp. for antagonizing to Fusarium oxysporum f. sp.
cucumerinum Owen. Southwest China J Agric Sci 20: 408-411.

Chen ZM, Gu G, Chen SH, Zhang SS, 2009. Antagonism of
Trichoderma spp. to Phytophthora parasitica var. nicotianae. J
Fujian Agric Univ: Nat Sci 38: 234-237.

Dhar V, Mishra S, Chaudhary RG, 2006. Differential efficacy of
bioagents against Fusarium udum isolates. Indian Phytopathol 59:
290-293.

Dutta S, Chatterjee NC, 2004. Raising of carbendazim tolerant mutants
of Trichoderma and variation in their hydrolytic enzyme activity in
relation to mycoparasitic action against Rhizopus stolonifer. J Plant
Dis Protect 111: 557-565.

Evident A, Cabras A, Maddau L, Serra S, Andolfi A, Motta A, 2003.
Viridepyronone, a new antifungal 6-substituted 2H-pyran-2-one
produced by Trichoderma viride. J Agric Food Chem 51:
6957-6960.

Guo RF, Shi BS, Li DC, Ma W, Wei Q, 2008. Purification and
characterization of a novel thermostable chitinase from
Thermomyces lanuginosus SY2 and cloning of its encoding gene.
Agric Sci China 7: 1458-1465.

Harman GE, Howell CR, Viterbo A, Chet I, Lorito M, 2004.
Trichoderma species-opportunistic, avirulent, plant symbionts. Nat
Rev Microbiol 2: 43-56.

Jijakli MH, Lepoivre P, 1998. Characterization of an exo-f-1,3-
glucanase produced by Pichia anomala strain K, antagonist of

Botrytis cinerea on apples. Phytopathology 88: 335-343.

Li MY, Li TF, Wang G, Liu KQ, 2002. Antagonistic mechanism of
Trichoderma spp. against Phytophthora nicotianae. Acta
Phytophyl Sin 29: 309-312.

Li MY, Tan LH, Fang DH, Li TF, Wang G, Liu KQ, 2006. Cultural
characteristics of Trichoderma harzianum and its inhibition to
Phytophthora nicotianae. Microbiology 33: 79-83.

Liu SJ, Wen CJ, 2005. Screening for Trichoderma spp. and
Gliocladium spp. against Rapesee sclerotinia stem rot and
primary study of biocontrol. J Sichuan Agric Univ 23: 33-38.

Ozbay N, Newman SE, 2004. Biological control with Trichoderma
spp. with emphasis on T. harzianum. Pak J Biol Sci 7: 478-484.

Sun DM, Yang Q, Song JZ, 2005. Antagonism of Trichoderma
aureoviride against Fusarium spp. which causes soybean root rot.
Chin J Qil Crop Sci 27: 58-61.

Viterbo A, Ramot O, Chernin L, Chet I, 2002. Significance of lytic
enzymes from Trichoderma spp. in the biocontrol of fungal plant
pathogens. Antonie Van Leenw 81: 549-556.

Wang G, Li MY, Duan YQ, Li S, Ma YK, Wang YQ, Zhu WM, Li
ZG, Li TF, 2001. Study on the antaganistic mechanism of
Trichoderma sp. for Phytophthora nicotianae and its biocontrol
effection. J Yunnan Univ: Nat Sci 23: 222-226.

Wang JL, Ruan H, Zhang HF, Zhang Q, Zhang HB, He GQ, Shen SR,
2007. Characterization of a thermostable and acidic-tolerable
B-glucanase from aerobic fungi Trichoderma koningii ZJU-T. J
Food Sci 72: 452-456.

Wang WM, Chen JA, Sun YT, Zeng ZH, Shi XY, 1999. Preliminary
study on relationship between six species of soilborne plant
pathogenic fungi and Trichoderma. Chin J Biol Control 15:
142-143.

Xian HQ, Li YH, 2009. The antagonism of metabolite by
Trichoderma. Td31 to Rhizoctonia solani. J Shenyang Agric Univ
40: 566-570.

Xu JH, Feng MG, Xu Q, 1998. The role of extracellular proteases of
entomopathogenic fungi in host-pathogenic process and their
assay techniques. Chin J Biol Control 14: 123-128.

Yu YT, Xie YY, Huang LL, 2007. Effects of different combinations
of carbon and nitrogen sources in MS medium on activities of
extracellular B-1,3-glucanase produced by take-all pathogen. J
Northwest Sci-Tech Univ Agric Forest 35: 110-114.

Zhang Z, Wei JH, Cao L, Yang CM, Sui C, 2009. First report of
Phytophthora nicotianae causing black shank of Schizonepeta
tenuifolia in China. Plant Pathol 58: 804-804.

Zhou J, Zheng XZ, Lan L, Lin CZ, Wu YB, Lin XJ, Ebbole D, Lu
GD, Wang ZH, 2008. Biochemical and molecular characterization
of a putative endoglucanase in Magnaporthe grisea. Curr Genet
53:217-224.



