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Abstract　The role of ex t racellular enzym es by Trichoderma M M35 fo r contro l of soybean root

rot pathogens(Fusarium oxysporum , Rhizoctonia solani) was assessed in v i tro and in v ivo. De-

tective levels of hydroly tic ex t racellular enzym es w ere recorded by Trichoderma M M35 using

dried F. oxysporum mycelium as C-source in v i tro or fresh F. oxy sporum mycelium o r f resh R .

solani mycelium in vivo w as found that there w ere significant increases in chit inase activit ies by

Trichoderma M M35 in soil w ith inoculation of F. oxy sporum. Soi l infested w ith Trichoderma

MM 35 had signif icantly elevated chit inase and β - 1 , 3 - g lucanase activities in presence of R. so-

lani as com pared to R. solani control.
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　　Trichoderma spp. are among the most com-

m on saprophy tic fungi in the rhizo sphere. Of

these , some isolates o f Trichoderma spp. have

been pro ven to be ef fective as biocontro l ag ents a-

gainst a wide range o f im po rtant airborne and soil-

bo rne plant pathogens[ 1] . The proposed mecha-

nism s by w hich Trichoderma strains antag onize

pathogenic populat ions include the production o f

ant ibio tics and /o r fungal cell w all-deg rading en-

zymes , as w ell as com pet itio n for nutrients in the

rhizosphe re[ 2] . The plant pathogens (F. oxyspo-

rum , R. solani) causes soybean ro ot ro t w hich are

major const raints to product ion in m any soybean-

g row ing regions in H eilong jiang province of China.

The disease is pro tected by using fungicides. Fur-

therm ore , fungi also can cause many diseases in

hundreds of o ther plant specie s. Out o f 128 Tri-

choderma iso lates , one st rain Trichoderma M M35

w as screened w ith good bio control ag ainst soybean

ro ot ro t pathogens. With a view to establish that

the mechanism in the process of antagonism of F.

oxy sporum o r R. solani by the new ly isolated

st rain involves the release of hydroly tic enzymes by

the lat te r , the objectives of this study were to de-

termine the production of chitinase and β-1 ,3-g lu-

canase in vi tro and in v ivo , and to assess the role
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of these enzymes in antagonism.

1　M aterials and M ethods

1. 1　Microorganisms and cultivation

Trichoderma M M35 (iso lated f rom soybean

rotation plo ts o f H ailun eco logy research of Chi-

nese Academy o f Sciences and ever tested w ith bio-

control ability , data show n in table 1 and soybean

roo t rot pathogens(F. oxy sporum , R. solani).

PDA , synthetic medium (in grams per liter):

NH 4NO 3 5 g , KH2PO4 10 g , NaCl 1 g , MgSO4  

7H2O 0. 5 g , H2O 1000 mL[ pH 6. 5] , w heat bran

medium(wheat bran:sawdust 15 g:15 g , moistened

with 30 mL water and sterilized for 15 min at 121℃).

1. 2　Antagonism of TrichodermaMM35 against F.

oxysporum or R. solani in vitro

Antagonism of Trichoderma M M35 against

F. oxysporum or R. solani in vi tro w as observed

by the method proposed by Elad et al[ 3] .

1. 3　Preparation of dried mycelium

Dried m ycelium of F. oxysporum was pre-

pared by the method proposed by El-Katatny[ 4] .

1. 4　Preparation of the inoculum used for infesting

the potting mixture

Four discs(5 m m diam eter) we re cut f rom the

edge o f g row ing Trichoderma M M35 colony on

PDA and added to the 50 mL flask containing 20 g

w heat bran medium. T he f lasks we re incubated at

25℃ in darkness fo r 7 day s. 100g kafirin w as add-

ed into an Erlenm eyer f lask (250 m L), m oistened

12 h , steri lized at 121℃ fo r 30 min on each of tw o

consecutive day s. F ive disks from the m argin o f a

colony of F. oxysporum g row ing on PDA w ere

t ransferred to the f lask. The f lask w as incubated

fo r 10 day s. The same procedure w as follow ed for

R. solani. All of the inoculums w ere stored at 4℃

fo r used.

1. 5 　Conditions for enzyme production by Tri-

choderma MM35̂

Four discs o f 5m m diameter (cut f rom the

edge o f act ively Trichoderma MM 35 colony g row-

ing on PDA) we re inoculated in 500 m L flask w ith

200 m L synthetic m edium supplemented w i th the

mycelium of F . oxysporum (0. 5g /L), incubated

at 150 rpm on a rotary shake r for 5 day s at 28℃.

10ml cultures w ere sam pled af ter ino culation at 24

h , 48 h , 72 h , 96 h , 120 h , then centrifuged at

4℃for 20 m in at 10000 g and the clear superna-

tants w ere sto red at - 20℃until assayed. The ex-

periment w as replicated tw ice , five replicates fo r

each treatm ent .

1. 6　Preparation and inoculation of the potting mix

Pot ting medium w as prepared wi th 300g steri-

lized soil and infested w ith F . oxy sporum ino culum

o r R. solani inoculum at a rate of 5%, o r Tri-

choderma MM 35 inoculum at a rate of 2. 5%. The

experimental design included the follow ing t reat-

ments:(ⅰ) no Trichoderma M M 35 o r F. oxy spo-

rum or R. solani , (ⅱ)F. oxysporum but no Tri-

choderma M M35 , (ⅲ) R . solani but no Tri-

choderma M M 35 , (ⅳ) F. oxy sporum and Tri-

choderma MM 35 , and ( ⅴ) R. so lani and Tri-

choderma MM 35. M ixing was accomplished by ro-

tation in inf lated plastic bags. Each combination

w as placed in 18×12 ×6. 5 cm plo ts. 5 g of sub-

strate w as sampled fo r each trea tment 6 to 16 days

af ter inoculation. Soil samples w ere placed in plas-

t ic tubes and 10 m L ste rile potassium phosphate

(pH 6. 4) w ere added , gent ly st irred fo r 4 hours ,

and then centrifuged at 8000 g for 20min at 4℃.

The supernatants w ere stored at - 20℃ unt il as-

sayed. The expe riment w as conducted twice. Each

treatm ent w as replicated five times.

1. 7　Enzyme activity assays

The activi ties of chitinase and β-1 ,3-glucanase

w ere assayed using the colo rim etric method pro-

posed by M olano et al. [ 4] and expre ssed in nanmo l /

min /m L or nanmol /min /g and μm ol /min /m L o r

μmo l /min /g , respect ively.

2　Results

Obvious parasi tism w as observed in inte rac-

t ion of Trichoderma MM 35 w ith R. solani by mi-

croscopy (Fig. 1), howeve r , there w as no parasit-



4期 邵红涛等:木霉菌(胞外水解酶)拮抗大豆根腐病病原菌的机制研究 431　　

i sm in interaction of Trichoderma M M 35 w ith F.

oxy sporum (data not show).

Detective levels of hydro lyt ic ex tracellular en-

zymes w ere reco rded by Trichoderma M M35 using

dried F. oxysporum mycelium as C-source in

vi tro. The production of hydroly tic ex t racel lular

enzymes by Trichoderma M M 35 w as time depend-

ent. The signif icant elevation in the production o f

β-1 , 3-g lucanases w as af ter 24 h , w hi lst that o f

chitinase appeared to significant ly increase af ter 72

h(Fig. 2 , Fig . 3).

Table 1　The re sult of g reenhouse test (the first time)

T reatm ent a Disease incidence

(%)

Diseas e

index

Relative cont rol

ef fec(%)
CK(F. ox ysporum) 86. 95 40. 86 -
C K(C arbendazim) 24. 13 8. 96 78. 07

MM 35 59. 37 13. 75 66. 34

(the second time)

T reatmen ta Disease incidence

(%)

Diseas e

index

Relative cont rol

effect(%)
CK (F. oxysporum)a 61. 53 22. 30 -
C K (Carbendazim)b 34. 48 6. 89 69. 1

MM35 51. 85 16. 29 26. 95

a CK (F . o xysporum) cont rol t reated w ith F. o xysporum

CK (C arbendazim) cont rol t reated w ith F. oxy sporum and Carben-

dazimMM35 treatmen t wi th Trichoderma M M35 and F . ox ysporum

Detective levels of hydroly tic ex t racellular en-

zymes w ere also reco rded by Trichoderma M M35

in soil in presence of f resh F. oxysporum myceli-

um or f resh R . solani m ycelium in si tu (table 2 ,

table 3). T here w ere significant increase s in chiti-

nase act ivities at day 4 , day 9 and day 16 by Tri-

choderma MM 35 in soi l w ith inoculation o f F. ox-

y sporum as compared to F. oxysporum contro l

(table 2). Soil infested w ith Trichoderma M M35

had significant ly elevated chi tinase activities at day

4 and day 12 , and β-1 ,3-g lucanase activi ties at day

4 , day 9 , day 12 and day 16 in presence of R. sola-

ni as compared to R. solani control (table 2 , table

3). Significant elevations in chitinase , β-1 , 3-g lu-

canase activities w ere also reco rded in soil infested

w ith Trichoderma MM 35 only in com parison to F.

oxy sporum or R. solani control at day 4(table 2 ,

table 3).

Table 2　Effect o f Trichoderma , F. oxysporum and R. solani on the activity of chitinase in the soil

Soil-T reatmen t 4 day 9 day 12 day 16 day

T+Fa 22. 84±4. 79abb 46. 98±27. 99a 13. 84±5. 87b 43. 33±12. 98a

T+R 28. 31±14. 91a 9. 52±4. 00b 32. 78±13. 55a 9. 52±8. 20b

T 28. 72±18. 55a 15. 28±3. 82b 2. 75±0. 81b 49. 82±31. 65a

F 3. 36±1. 79c 5. 46±1. 87b 11. 14±4. 95b 11. 43±4. 01b

R 8. 43±3. 97bc 1. 74±0. 17b 1. 77±0. 15b 1. 84±0. 10b

　　a T +F= Tr ichoderma MM 35 and F . o xysp orum;T+R = Trichoderma M M35 and R. so lani;T = Trichoderma MM35;F = F.

o xysporum;R= R. solani;the act ivity of chit inase expres sed as nanm ol /min /g

b the mean s and standard error are ob tained f rom five replicates , values fol lowed by th e s ame let ter by colum n w ere not sig ni fican tly di ff er-

ent by Duncan's test(a=0. 05)

Table 3　Effec t o f Trichoderma , F. oxy sporum and R. solani on the ac tivity of β-1 , 3-glucanase in the soil

Soil-T reatmen t 4 day 9 day 12 day 16 day

T+Fa 0. 600±0. 119 bb NDc 0. 91±0. 37 b 1. 27±0. 22b

T+R 19. 697±3. 604a 20. 91±0. 14a 10. 77±2. 78 a 14. 85±4. 38a

T 19. 692±3. 604a ND 0. 06±0. 11b ND

F 0. 004±0. 005 b ND 0. 28±0. 01b ND

R 0. 003±0. 005 b ND ND ND

　　a T +F= Tr ichoderma MM 35 and F . o xysp orum ;T+R = Trichoderma M M35 and R. so lani;T = Trichoderma MM35;F = F.

o xysporum;R= R. solani;the act ivity of β - 1 , 3 - glucanase expressed as umol /min /g

b Means fol low ed by the sam e let ter by column w ere n ot signif icant ly di ff erent by Duncan’ s test(a=0. 05)

c ND n ot detected
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3　Discussion

Some soi lbo rne fung i , w hich are po tentially

useful as biocnt rol agents , are know n to secret

chitinoly tic enzymes and endog lucanases in si tu
[ 5] .

Product ion of ex tracellular β-1 ,3-glucanases , chi ti-

nases , and pro teinase increases signif icant ly w hen

Trichoderma spp. are g row n in media supplemen-

Fig. 1　Trichoderma M M 35 parasite R. solani (×

400)

ted w ith either auto claved mycelium o r isolated pu-

rif ied host fungal cel l w alls [ 6] . These observa-

tions , togethe r w ith the fact that chit in , β-1 ,3-glu-

can and pro tein are the main st ructural components

of most fungal cell w alls , are the basis for the sug-

gestion that hydroly tic enzymes produced by some

Trichoderma spp. play an impo rtant ro le in de-

st ruction of plant pathogens
[ 4]

.

Fig. 2 　 Activity of chitinase produced by Trichoderma

M M 35 in shaking culture

The levels and o rder of enzymes production by

Trichoderma M M35 induced by dried F . oxy spo-

rum inoculum as carbon source ref lected the st ruc-

Fig. 3　Activity o f β-1 , 3-g lucanase produced by Trichoderma

M M 35 in shaking culture

ture and contents o f chit in and β-g lucan in the cell

w all o f F. oxy sporum. The result show ed that the

production of β-1 ,3-g lucanases was induced before

that of chitinases , w hilst the levels o f β-1 , 3-g lu-

canase production w as more higher than that of

chit inase. Changes in soil enzymes activit ies

showed that pathogen F. oxysporum could some-

w hat repress the production of β-1 , 3-glucanase

(day 9), w hile production of chitinase w as no t re-

pressed. All of these suggested that the content of

β-g lucan w as more than that of chi tin in the cell

w all of F. oxy sporum , and the chitin layers in cell

w all appeared to be buried in β-g lucan , rendering

lit t le chitin to expose outside.

Enzymes productions w ere repressed w i th

f resh mycelium of F. oxy sporum in soi l;how eve r ,

there w as a continuous increase in enzymes produc-

t ion w ith dried m ycelium of F . oxy sporum. The

effect might be a result of some metabolites pro-

duced by pathogen F. oxysporum against antago-

nists , the m echanism by pathogen F. oxysporum

against antag onists required fur ther investig ation.

Cotes et al. (1994) show ed a significant co rre-

lation betw een the abi li ty o f several iso lates of Tri-

choderma to cont rol R . solani in bean and chit inas-

es activities[ 7] . A lthough there was no parasi tism

in interaction of Trichoderma MM 35 with F. ox-

y sporum in vit ro , chitinase activity w as sti ll signif-

icant ly higher in soil infested w ith F. oxysporum

and Trichoderma M M35 in v ivo , and activit ies of

chit inase and β-1 , 3-glucanase w ere signif icantly

higher in soil infested wi th R. solani and Tri-
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choderma M M35. Ex tracel lular hydroly tic enzymes

produced by Trichoderma spp. may assist antag o-

nists in w arding o ff phy topathogens. The increases

in hydro lyt ic ex t racellula r enzymes activit ie s in soil

caused by inoculation o f Trichoderma M M35 in

presence of pathogens could be related to biolo gical

cont rol act ivities.
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木霉菌(胞外水解酶)拮抗大豆根腐病病原菌的机制研究
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(1. 黑龙江大学农学院 ,哈尔滨 150080;2.中国科学院东北地理与农业生态研究所 , 哈尔滨 150040)

摘要　通过室内试验与温室试验研究了具有生防能力的木霉菌株 Trichoderma MM 35所分泌的胞外水解

酶在拮抗大豆根腐病病原菌(F. oxysporum 、R. solani)中的作用 。试验结果表明:以病原菌 F . oxysporum

烘干的菌丝体作唯一碳源 ,可以诱导 Trichoderma M M 35分泌几丁质酶 、β-1 , 3-葡聚糖酶。β-1 ,3-葡聚糖酶

高水平诱导表达在前 ,几丁质酶诱导表达在后。土壤中接种 Trichoderma MM 35 、F. oxy sporum 和 R . so-

lani之后都能够检测到几丁质酶 、β-1 , 3-葡聚糖酶活性 。向有病原菌 F. oxy sporum 的土壤中接种 Tri-

choderma M M35 ,土壤中几丁质酶活性能够显著升高 。向有病原菌 R . solani 的土壤中接种 Trichoderma

MM 35 ,土壤中的几丁质酶 、β-1 ,3-葡聚糖酶活性都显著升高。
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