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Antagonismus mezi Rhlzoctonla solanl Ki~H~ a ur~it~mi pfldnimi saprofyty. 
Laboratorni studium 

U t~i saprofytd byl sledovAn projev antagonismu proti pathogenu Rhizoctonia 
solani v rflzn~eh podmlnkgtch kultivace. Trichoderma viride a Chaetomium eoeh- 
lloides inhibovaly rdst R. solani fi~inn~ji pH inkuba~ni teplot~ 25 a 30 ~ C. T. viride 
bylo antagonisticky aktivn~j~i v prost~edl kysel6m, C. cochlioides v prost~edl alka- 
lick6m. Je vysloven p~edpoklad, ~e p~dnl doplfiky zvyw aktlvitu C. eoeh- 
l/o/des by mohly b:~t platn~m opat~enlra proti sledovandmu pathogenu v edka- 
lick:~eh pfld~ch. N~ rozdil od p~edew zpr&v byla kultura R. eolani celulolyticky 
zaktivn~jw ne~. T. vir/de ~ C. cochl/o/de~, a to i pH pou~.itl chloridu amonn6ho jako 
droje dusiku. 

Summary 

A n t a g o n i s m  o f  th ree  s a p r o p h y t e s  to  the  pa thogen ,  Rhizoc ton ia  solani  
was s tud ied  in p la te  cul tures  unde r  different  condit ions of  t e m p e r a t u r e ,  p H ,  
a n d  nu t r i t ion .  The  an tagon is t s  Tr ichoderma viride a n d  Chae tom ium  cochlioides 
were found  more  effective in t he  inh ib i t ion  of  the  g rowth  of  R.  solani  a t  t e m -  
p e r a t u r e s  25 a n d  20~ and  th is  conforms  to  the i r  g r o w t h - t e m p e r a t u r e  rela-  
t ionship .  T .  viride was found  more  effective in acid med ia  as r e p o r t e d  b y  
others ,  whereas  o ther  an tagon is t s  and  especia l ly  C. cochlioides was more  
effect ive in the  alkal ine med ium.  Hence  the  suggest ion is made  t h a t  soil amend-  
men t s  increasing the  ac t i v i t y  of  C. cochlioides migh t  be a good control  measu re  
aga ins t  t he  pa thogen  in a lka l ine  soils. 
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The most interesting result of the investigation is that, contrary to the 
previous reports, R. solani appeared to be more cellulolytic than T. viride 
and C. cochlioides and this result was unaffected by the use of N]-I4C1 as 
N-source. 

Introduction 

It is now a common knowledge that during the growth of pathogens in 
pure culture, contamination by other organisms frequently retards or pre- 
vents their growth. The discovery of this phenomenon has led to the study 
of antagonistic effects between organisms and also to the adoption of anti- 
biotic therapy against human and plant diseases. 

FAWCET (1931) was the first to emphasise the use of known mixtures of 
organisms in plant disease investigations and to suggest that the develop- 
ment of many plant diseases may be very much influenced by associated 
organisms. Thereafter, various workers like WEr~DLING (1934), SANFORD 
(1946) and WOOD (1951) claimed in greenhouse studies that cultures of anta- 
gonists or their culture-filtrates added to the soil containing pathogens re- 
duced or suppressed the development of disease. Although the success of the 
soil amendments or use of antibiotics for seed dressing is being realised, yet 
the value in understanding empirically the antagonistic phenomenon under 
different conditions cannot be overlooked. Hence in this paper the antagonism 
of saprophytic soil organisms, Trichoderma viride, Penicillium clavariae[orme 
and Chaetomium cochlioides against R. solani under different conditions of 
temperature, pH, and nutrition has been reported. 

Material and Methods 

Source of culture: T. viride and C. cochlioides were o b t a i n e d  f rom s tock  cu l tu re  col lect ion 
of the I m p e r i a l  College, L o n d o n  a n d  or ig inal ly  i so la ted  f rom soil. P. clavariaeforme was  i so la ted  
f r o m  a c o n t a m i n a t e d  cu l tu re  o f  R .  solani. T h e y  were all m a i n t a i n e d  on  p o t a t o  dex t rose  a g a r  
(PDA) s l an t s .  R. solani was  i so la ted  f rom a d i seased  seedl ing  o f  Swede.  

Media: The  following m e d i a  were used :  
(1) P D A :  20% peeled po t a t o  slices, 2% glucose & 2% agar .  p i t  5.9. 
(2) Glucose,  s t a rch ,  cellulose powder  or  s o d i u m  e a r b o x y - m s t h y l  cellulose: 1%, NH4C1 

or N a N O  3 : 0 .144% a n d  0.227% respec t ive ly ;  K H 2 P O  4 : 0 .1% a n d  MgSO47H~O : 
0.05% a n d  aga r  2%.  

I n  order  to  p repare  m e d i a  dis t i l led  wa te r  was  used .  The  ini t ia l  p i t  o f  t he  glucose-NH4C1 
m e d i u m  = 5.2; o f  g lucose -NaNO 3 m e d i u m  = 5.4, s tarch-NH4C1 m e d i u m  = 5.9, s tarch-Na~TO 3 
m e d i u m  ~ 6.1, cellulose-NH4C1 m e d i u m  = 5.3, ce l lu lose-NaNO s m e d i u m  = 5.1, N a - c a r b o x y -  
m e t h y l  cellulose ( C M C ) -  NH4C1 = 5.2, C M C - - N a N O  3 5"3. 

A n  equa l  q u a n t i t y  (i.e. 15 ml. )  o f  aga r  m e d i a  was  sterilised in tubes a t  15 lbs.  p res su re  for 
20 m i n u t e s  a n d  p l a t ed  in t h e  sterile petri dishes. 

Method ol Inoculation: Spore su spens i on  of  the antagonists a n d  4 m m .  disc f r o m  the  3 - -4  d a y s  
old cu l ture  of  t he  p a t h o g e n  g rowing  on  P D A  were u sed  as inocu la  in  all the tests.  

ningin9 Method: Three  discs of  cu l tu re  of  t he  p a t h o g e n  were p l a t e d  on  each  aga r  p la te .  
A No. 12 cork-borer  (12 ram.  d iamete r )  was  d ipped  in spore  su spens ion  of  the antagonists placed 
on t he  aga r  a n d  t h e n  r e m o v e d  to leave a r ing  of  spores  a r o u n d  each  disc. Obse rva t ions  were  
m a d e  eve ry  d a y  to see u n d e r  w h a t  conditions the p a t h o g e n  could  grow through the r ing  a n d  
to study the g r o w t h  of  an t agon i s t s .  All  t r e a t m e n t s  were in dup l i ca te  a n d  the results after 4 d a y s  
incubation are given below in the t ab les .  
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Table 1. Growth (mm./day) of the antagonists and the pathogen at  different temperatures 

Organism Temperature ~ 

30 25 10 5 

R. solani 
T. viride 
P. clavariae]orme 
C. cochlio~des 

1.5 
9.0 
0.0 
1.2 

16"5 
22"5 

4"0 
10"0 

2O 15 

13.0 12.6 
14-5 9.0 

3.0 3.0 
6.5 5.5 

7.0 
2.0 
2.0 
1.5 

4-5 
0-0 
0.0 
0.0 

Table 2. Antagonism against R. solani at different temperatures 

Antagonist  

T. viride 
P. clavarlae]orme 
C. cochlioides 

Temperature ~ 

25 

§ 

§  

10 

§ 

q- 

15 10 

F 

+ -]- : The pathogen confined inside the ring in all six colonies. 
-{- : The pathogen penetrated the ring, and grown outside but  the antagonist  pursued it 

from behind and over-ran the pathogen in all six. 
H--- : More than three and less than  six colonies attacked by the antagonist. 
- - +  : Less than three colonies at tacked by the antagonist. 

- -  : Pathogen affected inside and just outside the ring, but  later escaped the attack. 
- -  - -  : Pathogen unaffected. 

Table 3. Growth of the antagonists and the pathogen at  different pH values 

Organism 

R. solani 
T. virid~ 
P.  clavariae/orme 
C. cochlioid~9 

4.3 

14.0 
27.3 

3"6 
6.3 

4.9 

15.3 
27.0 

3"6 
7.3 

pH 

5-4 

16.6 " 
28.0 

3.6 
8"6 

6"2 

18"0 
24"6 

4-6 
10.0 

7"7 

10"3 
6"0 
2"0 
8"6 

Table 4. Antagonism against R. solani at different p i t  values 

Antagonist  pH 

4.3 5.4 6.6 8.0 

T. viride q- -~ + -F ~---  ~ + 
P. clavariae]orme -+ "~ F + ~- 
C. cochlio~des ~- -~ -~ ~- + 
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Results and Discussion 

1. The growth of the pathogen and the antagonists is compared at different 
temperatures  on PDA and results are given in Table 1. 

In  the preliminary experiments the opt imum tSmperature for the growth 
of  fungi under study was found. I t  corresponded to the temperature, of 
25 ~ C as reported in the Table 1. T.  viride grows more rapidly at the temper- 
a ture  of 30 ~ , 25 ~ and 
20 ~ C. Below this tempe- 
ra ture  its growth is less 
than that  of the pathogen. 
This indicates that  in re- 
gions where the soil tem- 
perature is 20 ~ C and 
above, this soil sapro- pH 8"0 pH 4.3 
phyte might check the 
growth of the pathogen 
bu t  below 20 ~ C the path- 
ogen might escape the 
a t tack  of the antagonist. 
Regarding other anta- 
gonists their growth is 
too slow to check the pH 4.3 pI-I 8.0 
growth of the pathogen 
at  any temperature from 
5 to 30 ~ C. 

2. Next, antagonism 
at  different temperatures Fig. 1. Antagonism of organisms against R. solani at  dif- 
w a s  investigated and the ferent pH v a l u e s . -  TR = T.  viride -~ R.  solani, CR 
results are expressed in = c. coehlioides -4- R. solani. 

Table 2. 
From the above data  it is clear that  the antagonistic effect of T. viride 

appeared to be related to its growth at different temperatures in pure culture. 
But this was not the case with other antagonists. C. cochlioides was relatively 
slower in growth ip pure culture but  effectively checked the growth of the 
pathogen at 25~ and also at 20 ~ C. This result conforms to its growth- 
temperature relationship. P.  clavariae]orme as reported by WOOD (1951) seems 
to have a doubtful antagonistic effect. Inspire of the complete escape of the 
pathogen from at tack by  this fungus its spores, after germination, first de- 
formed and then completely destroyed hyphae of the pathogen on both sides 
of the ring. As the spores of this antagonist are dispersed in the ~oil by means 
of various agencies, it may serve as a very effective antagonist against the 
rathogen.  

3. The growth of organisms at different pH values was studied and the 
results are reported in Table 3. 

They  indicate that  T. viride is potentially useful against R. solani under 
acid conditions whereas other antagonists are not, at all pH values. 
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4. Antagonism at different pH values was next investigated and the results 
are presented in Table 4 and Figs. 1 and 2: 

The above result supports the view that  T. viride may be effective in the 
control of pathogen in acid soils. As regards the antagonistic effect of P. cla- 
variae/orme it is rather interesting to note its maximum effect at pH 8.0 and 
4.3 and correspondingly less effect at other pH values. This result was quite 
unexpected in view of its growth in pure culture (Table 2 and Fig. 2). C. choch- 

pI-I 8.0 pH 4.3 

Fig. 2. Antagonism of P .  c lavar iae]orme against R .  so lan i  
(PR) at  different pH values. 

pH 6.6 

lioides in its effects be- 
haves in an opposite 
way from T. viride. Al- 
though no previous in- 
formation is available as 
regards the pH antago- 
nism relationship of this 
fungus, it seems probable 
that  it may be more effec- 
tive in the control of  the  
pathogen in alkaline soils. 

5. Growth of  organ- 
isms in enriched agar 
media. I t  has been repor- 
ted by BLAre (1941)and 
WOOD (1951) that  addi- 
tion of wheat straw or 
maize meal to the soft 
gave protection to the 
seedlings against the 
pathogen. BLAre explain- 
ed this as being due to 

Fig. 3. Antagonism of organisms against R .  so lan i  on glucose with NaNO 3 as a ni trogen source. 
P ~ P .  c lavar iaeJorme,  T = T .  v i r ide ,  C = C.  cochlioides,  GN (glucose + NaNO3). 
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the stimulation of growth of cellulolytic saprophytes in the soil which, 
being more active cellulose-destroying fungi than R. 8olani, might have 
suppressed the pathogen. In view of these reports, experiments were con- 
ducted to study the effect of  the carbon source like glucose, starch, cel- 

Table  5. Grow t h  of  t he  o rgan i sms  on different  C-sources wi th  NaNOa as a N-source  

Organ i sm  Cellulose CMC S ta r ch  Glucose 

1~. solani 
T. viride 
P. clavariae]orme 
C. cochlioides 

26"8 
15'5 

1"0 
1'3 

23"3 
14"6 

1'0 
8"0 

2~-0 
18"2 
2"0 
3"3 

19"2 
19'2 

3"0 
3'3 

Table  6. Growt h  on different  C-sources w i th  NH4C1 as N-source  

O r g a n i s m  Cellulose CMC Sta rch  Glucose 

R. solani 
T. viride 
P. clavariae]orme 
C. cochlioides 

20'0 
16'7 

1'0 
1'3 

15'0 
13'0 

2 '0 
7"0 

11.0 
15.0 

1"0 
1.3 

12"0 
17'0 

1"0 
1'0 

Tab le  8. A n t a g o n i s m  aga i n s t  R. solani on dif ferent  C-sources  w i th  NH,C1 as a N-source  

Cellulose CMC I S t a rch  Glucose 

k 

A n t a g o n i s t  

r 
T. viride 
P. clavariae/orme 
C. cochlioides 

- - §  § 
- - §  

§  § 2 4 7  

§ 2 4 7  
§  
§ 2 4 7  

Table  7. A n t a g o n i s m  aga i n s t  R. solani on  dif ferent  C-sources  w i th  N a N O  3 as a N-source  

A n t a g o n i s t  Cellulose CMC S ta rch  Glucose 

T. viride 
P. vlavariae]orme 
C. cochlioides t + -  

§  

~ §  



1 9 8  K .  B.  D E S H P A N D E  

lulose and sodium carboxy- 
methyl-cellulose (CMC), with 
NaNO a or NH4C1 as nitrogen 
sources, on the growth of the 
antagonists and the Fathogen 
and later to investigate the 
antagonistic effect under these 
nutrient conditions. 

The result of their growth in 
pure culture is given in Table 5 
and 6. 

Contrary to the general 
belief that  T. viride and other 
saprophytes are more cellulo- 
lyric than R. solani (BLAIR 
1941), the results definitely 
suggest that  at least the cru- 
cifer strain of the pathogen is 
more cellulolytic than the 
other organism. Another fact 
is that  the replacement of 
NaNOa by NH4C1 had some 
retarding effect on the growth 

S t a r ch  

Cel lu-  
lose 

Fig.  4. A n t a g o n i s m  of  o r g a n i s m s  aga in s t  R ,  
so lan i  on  s t a r ch  a n d  cellulose w i t h  N a N O  3 au 
a n i t rogen  source.  - - P  = P .  c lavar iae]orme ,  

C = C.  cochlioides.  

Fig.  5. A n t a g o n i s m  of  o rgan i sms  aga i n s t  R.  
so lan i  on  s t a r ch  a n d  s o d i u m  c a r b o x y m e t h y l  
cellulose ( G u m ) w i t h  NH4C1 as  a n i t r o g e n  
s o u r c e . -  P = P .  c lavar iae]orme,  T ~ T .  

v i r ide ,  C = C.  cochlioides.  

Fig.  6. A n t a g o n i s m  of  o r g a n i s m s  a g a i n s t R .  
so lan i  on  cellulose a n d  glucose  sources  w i t h  
NH4C1 as a n i t r ogen  source.  - -  P = P .  
c lavar iae]orme,  T = T .  v i r ide ,  C -~ C .  c o c h -  

l io ides .  
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of the organisms in general. This effect is more pronounced on the growth 
of  R. solani and this agrees with the results obtained in the cultural expe- 
riments (DEsHPANDE, 1956). 

6. Antagonism on different C-sources (Table 7 and 8, Figs. 3, 4, 5 & 6). 
In all cases cellulose did not support the antagonism of any organism 

against the pathogen. Glucose and starch appeared to be more favourablo 
for the saprophytes to express their antagonism against the pathogen and th~ 
effect was more pronounced in the presence of  17I-IaCl probably due to its 
inhibitive effect on the growth of the pathogen (DEsHP~D~. 1959). Although 
the growth in pure culture was an expression of the capacity to utilize the 
particular nutrient, yet it cannot be generally taken as an indicator of their 
antagonistic effect to the pathogen. In addition, the relatively poor 
growth of antagonists like T. viride and C. cochlioides and their weak anta- 
gonism to R. solani on cellulose was ra the r  striking. 
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~ 3 y ~ a ~ o c b  ~s~eH~e  aHTaroHri3Ma y Tpex  c a n p o ~ T O B  npOT~B naTorer Ia  Rhizoctonia 
solani B paaHrZX ycaonr~ux  no3~eaLmanH~.  Trichoderma viride ~ Chaetomium cochlioides 
HHrHS~ponaa~  pocw R,  solani a~q~nT~B~ee n p ~ T e M n e p a T y p e  ~ H n y S a a H ~  25 ~ 30 rp .  I ~  
T. viride a ~ T a r o ~ c T H q e c K r I  aKTHBHee n KUCaOH cpe~e,  T.  cochlioides n aar~aa~qecl~oH 
cpe;~e. B~cKa3hIBaeTcg n p e ~ n o a o m e n ~ e ,  qTO riOqBe]tRbIe ~I06anKn, n o n r ~ m a r ) m n e  aKTPIBttOCTI~ 
C. cochlioides MOFyT 5hlTh ~eficTneItttt, IM MeponprmTHeM IIpOTrIB ~ c c ~ e 3 y e ~ o M y  naTorei~y 
n a ~ n a a r ~ q e c ~ x  n o q s a x .  B paaaHqrm OT npe ; l ~ay Ia~X ~ a m ~ u x  ~ y a b T y p a  R.  solani a e a -  
~IO:IOTt~eCn~ anTnsHee  ~eM T.  viride H C. cochlioides, ~wo nMeeT MeCTO n a m e  H n c a y q a ~  
~ c n o a s 3 o ~ a n n n  xaopHcToro  a M ~ o ~ n a  B Ka~ecTBe ~CTO~tHRI(a aaoTa.  


