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ANTAGONISTIC ACTIVITY OF SOME FUNGI AND ACTINOMYCETES
AGAINST PATHOGENS OF DAMPING-OFF OF SUGAR BEET

SEEDLINGS

ABSTRACT

The an tag o nis tic ac tiv ity of some Bi o log i cal Con trol Agents (BCA) iso lates of Trichoderma sp., Penicillium
sp., Gliocladium sp., and Actinomycetes - Streptomyces sp. against patho gens of sugar beet damp ing-off:
Aphanomyces cochlioides, Pythium debaryanum and Phoma betae was tested in vivo and in vi tro. Fourty-nine iso -
lates of fungi and sev enty four of Actinomycetes were iso lated from com post and soil in which those patho gens did
not oc cur. The mi cro or gan isms ef fec tive against at least two patho gens in vi tro tests were in cor po rated into the soil 
or added to the seed as a treat ment dur ing pelleting pro cess. The mi cro or gan isms used in vivo tests lim ited the num -
ber of in fected seed lings. Some of them pro tected emerg ing plants on the same level as fun gi cides commercially
used for seed treatment.
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INTRODUCTION

The use of chem i cal means in plant pro tec tion has been the most ef fec tive
method lim it ing losses caused by agrophages. It is well known that this method
re quires in tro duc ing new, more ef fec tive sub stances since patho gens and pests
develope re sis tance to the ap plied chem i cal means. A com mon use of the chem i -
cals for plant pro tec tion af fects the deg ra da tion of en vi ron ment and first of all,
wa ter and soil pol lu tion and de creases food qual ity due to un fa vour able
phytotoxic ef fects. For this rea son in some coun tries le gal lim i ta tions were im -
posed to deminish their use up to 50-60% in plant pro tec tion (Sobótka 1996).
Such de ci sion with out in tro duc tion of al ter na tive meth ods of plant pro tec tion
would re sult in yield de crease. An in tro duc tion of Integreated Pest Menagement 
(IPM) is the only so lu tion of ef fec tive crop pro duc tion in which all avail able
ways and meth ods in con trol ling agrophages are ap plied. A part of IPM sys tem
are bi o log i cal meth ods where live or gan isms or their me tab o lites are used to re -
strict or de stroy the pop u la tion of plant pests and patho gens. So far due mainly
to low ef fec tive ness and high costs, meth ods based on ex ploi ta tion of mi cro or -
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gan isms in contrrolling phytopathogenic fungi were not in tro duced into prac -
tice. It should not be ruled out the use of some mi cro or gan isms ac cord ing to the
strat egy of in te grated pest menagement for in stance Trichoderma harzianum or
Pseu do mo nas sp. (Pospieszny 2000). One of the re quire ments of sugar beet cul -
ti va tion is an ef fec tive pro tec tion against damp ing-off caused by Aphanomyces
cochlioides Dreschler and Pytium debaryanum Hesse- soil-born fungi and
seed-born Phoma betae Frank. Chem i cal treat ment with high rates of fun gi cides 
(Oxafun T 75 WS/DS (6 g per 1 kg seeds) and Tachigaren 70 WP (15 g per 1 kg
seeds) for seed ling pro tec tion are used. In Po land sugar beet is cul ti vated on the
acre age of about 300.000 ha, which means about 20 t of fun gi cides are in cor po -
rated into the soil ev ery year.

The aim of this work was the se lec tion of mi cro or gan isms an tag o nis tic to the
patho gens of sugar beet damp ing-off, A. cochlioides, P. betae and P. debaryanum
af ter in clud ing them into pel lets.

MATERIAL AND METHODS

The mi cro or gan isms for tests were iso lated by Warcap’s method (af ter Kiraly
et al.1977). Sam ples of soil from mono cul ture crops of maize, wheat, pea, sugar
beet, and from com post were taken. All these soils were ar ti fi cially in oc u lated
with my ce lium of damp ing-off patho gens of sugar beet seed lings. In spite of
this no patho gens were de tected in these soils.

The Po tato Dex tro Agar me dium with an ti bi ot ics was used for iso lat ing of
fungi. Actinomycetes were iso lated on se lec tive Küster-Wil liams me dium with
an ti bi ot ics re strict ing the growth of fungi and Gram-neg a tive bac te ria.
Fourty-nine iso lates of fungi from Trichoderma sp, Penicillium sp., and
Gliocladium sp, and sev enty-four of Actinomycetes iso lates - Streptomyces sp.
were ob tained. Iso lates of sugar beet patho gens orig i nated from the Plant
Breed ing and Ac cli ma ti za tion In sti tute De part ment in Bydgoszcz col lec tion. 

Es ti ma tion of an tag o nis tic ef fi cacy of fun gal and bac te rial iso lates against  A.
cochlioides, P. debaryanum and P. betae in vi tro.
The act ivity of isol ated micro org ani sms agai nst A. co chlioi des, P. de bar -
yan um and P. be tae was chec ked  in vi tro tests. Act ino myc etes were inoc -
ula ted on Pe tri dishes with PDA (pH=7.0) and in cub ated 7 days in 25°C.
Then the di scs of my cel ium of pa thog ens were put on the se pla tes. They
were al ways put in the same di stance from Act ino myc etes co lon ies. 

Fungi iso lated from soil and patho genic fungi were in cu bated on PDA me -
dium in 25oC for 9 days. Then a 5 mm in di am e ter discs of my ce lium were
cut-off from the edge of col ony and put on PDA me dium in Petri dishes. A con -
stant dis tance was al ways kept be tween them. Patho gen grow ing alone on a dish 
was a con trol for both, Actinomycetes and fungi tests. Each test was done in 10
rep li ca tions. All cul tures were in cu bated in 25°C. The ac tiv ity of Actinomycetes
was es ti mated af ter 48 h, and ac tiv ity of fungi af ter 3 days and 7 days of in cu ba -
tion.

The level of in fec tion was re corded as a dif fer ence be tween di am e ter of col -
ony of fun gus grow ing in pres ence of tested BCA and fun gus grow ing alone on
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me dium. This dif fer ence was counted in per cent as an in hi bi tion in dex. The an -
tag o nis tic ac tiv ity of BCA was es ti mated on a fol low ing scale (Gorlach 1995,
Lewiñska 1998):

1 - 0% - no ac tiv ity
2 - 1-25% - weak ac tiv ity
3 - 26-50% - mid dle ac tiv ity
4 - 51- 75% strong ac tiv ity
5 - 76-100% - very strong ac tiv ity

Es ti ma tion of cho sen BCA ef fi cacy against A. cochlioides, P. debaryanum and
P. betae in green house.

The most ef fec tive BCA from in vi tro tests were checked against A. cochlioides,
P. betae and P. debaryanum in green house. The BCA were in tro duced into the
steri lised soil. Two days be fore sow ing seeds an tag o nis tic mi cro or gan isms were in -
tro duced into soil and at time of sow ing, seeds of sugar beet were in fected with cer -
tain amounts (2.9 × 108 of spore in one ml) of ho mogen ised my ce lium of A.
cochlioides or P. debaryanum. Mi cro or gan isms for in ves ti ga tions were pro duced
on liq uid me dia (PDA for fungi and Küster’s and Wil liams’ for Actinomycetes)
over 9 days. For plant ing un treated seeds va ri ety Eu reka were used. In ex per i ments
there were two check treat ments; with out patho gens, with soil in oc u lated patho -
gens. In a first check seeds were treated with Oxafun T+/Tachigaren at the rate
of 6/15 g per 1 kg of seeds respectively, in the sec ond treat ment un treated seeds
were used.

 In other ex per i ments per formed in green house with 7 iso lates of fungi and 1 iso -
late of Actinomycetes, se lected on pre vi ously re sults, were in ves ti gated. For ex per i -
ments pelleted seed of va ri ety Janina was used. Mi cro or gan isms were added to
pelleting mass in two forms: two hun dred ml of BCA in a liq uid stage (2.9 ×108 of
spore in one ml) was used per a unit of seeds (a unit = 100 000 seeds).BCA in dried
form was also used for pelleting. Then 2 g of dried and pow dered my ce lium of
BCA was added into pel let per one unit of seed. Treated with fun gi cides and un -
treated pelleted seeds were used as a check. The lab o ra tory ger mi na tion was es ti -
mated for all sam ples of seeds. The BCA was re iso lated from pel lets 1, 7, 15, and 30 
days af ter pelleting pro cess. Its ac tiv ity against damp ing-off patho gens was ex am -
ined ev ery time. Pelleted seed were put on ster ile PDA and af ter 9 days cul tured mi -
cro or gan isms were de ter mined.

RESULTS

In flu ence of tested BCA, Streptomyces and some Trichoderma sp., Penicillium
sp., and Gliocladium sp. fungi on growth of A. cochlioides, P. betae and P.
debaryanum in vi tro

Out of the sev enty-four iso lates of tested Actinomycetes, three showed a very
strong and one a strong in hi bi tion ac tiv ity against A. cochlioides. One iso late re -
vealed a very strong and five strong ac tiv ity against P. betae. A growth of 
P. debaryanum was in hib ited in a high de gree by three iso lates of Actinomycetes
(Ta ble 1). One iso late (S14) showed a strong ac tiv ity against P. debaryanum and
very strong in hi bi tion against A. cochlioides and P. betae.
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Forty-nine iso lates of dif fer ent fungi were tested. A very strong in hi bi tion of
growth of A. cochlioides was ob served for two iso lates and strong for four iso -
lates af ter 3 days of in cu ba tion and the same iso lates in hib ited strongly A.
cochlioides af ter 7 days post in oc u la tion. Six iso lates showed strong in hi bi tion
ac tiv ity against P. betae af ter 3 days. Only one iso late showed a strong ef fi cacy
against P. betae but eigh teen were strongly ac tive against this patho gen af ter
seven days of in cu ba tion. Four iso lates ex hib ited a very strong ac tiv ity in hi bi -
tion against P. debaryanum 3 days and seven days of in cu ba tion (Ta ble 2). All
fungi, which showed pos i tive ac tiv ity against growth of patho gens my ce lium,
be long to Trichoderma sp. The most nu mer ous group of fungi and
Actinomycetes com posed neu tral iso lates and iso lates of a weak an tag o nis tic ac -
tiv ity. 

To the next ex per i ments twenty-four iso lates of fungi were cho sen. Four of them
were very ef fec tive against all three patho gens; six against A. cochlioides and P. betae.
Four iso lates of Actinomycetes were cho sen. One of them was ef fec tive against all three 
patho gen, and three of them against A. cochlioides and P. betae. 

In flu ence of se lected BCA, Streptomyces and some Trichoderma fungi on the num -
ber of in fected sugar beet seed lings by damp ing-off patho gens in vivo.
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Ta ble 1 
An tag o nis tic ac tiv ity of tested iso lates of Streptomyces on the growth of fungi patho genic 

for sugar beet seed lings

Degree
of scale Inhibition

Number of tested isolates inhibited

Phoma betae Aphanomyces cochlioides Pythium debaryanum

1 lack 29 29 32

2 weak 17 38 40

3 middle 23 4 0

4 strong 5 1 3

5 very strong 1 3 0

Total 75 75 75

Tabela 2 
An tag o nis tic ac tiv ity of fun gal BCA on the growth of fungi patho genic for sugar beet seed lings

Degree
of scale Inhibition

Number of tasted isolates inhibited

Phoma betae Aphanomyces cochlioides Pythium debaryanum

after 3 days after 7 days after 3 days after 7 days after 3 days after 7 days

1 lack 24 23 24 20 24 22

2 weak 9 5 18 4 18 20

3 middle 14 2 1 19 3 3

4 strong 2 18 4 6 4 4

5 very strong 0 1 2 0 0 0

Total 49 49 49 49 49 49



In the green house ex per i ments with ster ile soil 26 of the tested fungi iso lates re -
stricted seed lings in fec tion by A. cochlioides. Seven iso lates pro tected seedlings on
the same level as fun gi cides (T1, T8, T10, T11, T15, T18, T21), and only one iso late of
Actinomycetes, S14 was as ef fec tive as these fun gal BCA iso lates. S14 lim ited the
num ber of in fected seed lings at the same level as a chem i cal seed treat ment. No one of

tested BCAs lim ited damp ing-off caused by P. debaryanum. For futher re search T1,
T8, T10, T11, T15, T18, T21 and S14 iso lates were cho sen (Ta ble 3). 

These eight BCA were in cor po rated into the seed pel let. A lab o ra tory ger mi na tion of 
pelleted with BCA seeds was as good as other treat ment (Ta ble 4). The num ber of
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Ta ble 3
Ef fect of seed treat ment with BCA  on the level of sugar beet seed lings in fec tion 

with Aphanomyces cochlioide (green house ex per i ment)

Isolate of microorganisms Percent of infected seedlings

T1 0.9

T3 5.5

T7 2.5

T8 0.8

T10 1.7

T11 0.8

T12 5.7

T15 0.8

T16 6.1

T17 4.2

T18 1.6

T19 5.0

T21 1.7

T22 5.9

T24 6.5

T28 7.5

T29 10.7

T31 6.3

T42 5.1

T43 18.4

T44 10.3

T45 12.1

T46 12.1

T47 7.5

S48 16.8

S1 10.9

S7 11.9

S14 2.1

K OX+TACH * 1.7

control** 18.8

LSD p=0.05 1.5

*- Seeds treated with  Oxafun T 75 WS/DS + Tachigaren  70 WP (6g+15g/ per kg of seeds)
** - un treated seeds



seed lings in fected with P. betae was on the same level as treated with fun gi cides 
and lower than un treated seeds, but one vari ant (15 T/P). It was also found that

the an tag o nis tic ac tiv ity of BCA iso lated from pelleted seeds did not de crease
af ter 1, 7, 14 and 30 days af ter pelleting in com par i son to ini tial iso lates. 

The ac tiv ity of BCA against A. cochlioides was tested in green house and on
the mi cro-plots. A lower num ber of in fected seed lings by A. cochlioides was ob -
served for vari ants with BCA than of un treated seeds in both ex per i ments. The
num ber of healthy seed lings was higher for seed sam ples treated with two BCA
(10T/P and 18T/P) than for con trol seeds treated with fun gi cides. Seven of BCA 
iso lates pro tected emerg ing plants on the same level as a treated con trol. Six of
the tested BCA pro tected seed lings in the same de gree as a fun gi cides on plots.
The very high pro tec tion of seed lings in both green house and plot ex per i ments
was re corded with iso lates 1T, 18T and S14. These iso lates pro tected sugar beet
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Ta ble 4
In flu ence of seed treat ment with BCA on ger mi na tion and seed ling health 

(lab o ra tory test – sugar beet cultivar Janina)

Variant
Emergence of seedlings after Number of

healthy seedling 
from 100 seeds

Number 
of seedling

infected with
P. betae

Weight of 
100 seedling [g]

4 days 7 days 14 days fresh dry

1T/P. 89.3 93.3 94.5 92.8 0.8 4.03 0.29

1T/Z 89.0 93.3 93.8 93.3 0.0 4.25 0.27

8T/P. 91.3 94.0 94.5 94.3 0.0 4.13 0.28

8T/Z 90.0 93.8 95.0 95.0 0.0 4.03 0.26

10T/P. 90.0 93.5 94.0 94.0 0.0 4.17 0.26

10T/Z 89.0 93.5 94.5 94.5 0.0 4.20 0.27

11T/P. 89.8 95.0 95.5 95.0 0.0 4.29 0.29

11T/Z 92.5 95.5 96.8 96.8 0.0 4.18 0.27

15T/P. 89.5 91.5 93.5 91.5 2.0 4.00 0.26

15T/Z 89.5 91.5 93.4 93.1 0.3 3.97 0.28

18T/P. 90.8 92.5 94.0 94.0 0.0 3.97 0.28

18T/Z 86.3 90.3 93.3 93.0 0.3 3.96 0.27

21T/P. 89.8 92.5 93.5 93.0 0.5 4.04 0.27

21T/Z 89.8 93.5 94.8 94.8 0.0 3.95 0.27

S 14/P. 88.0 92.3 93.5 93.5 0.0 4.02 0.28

S 14/ Z 87.8 92.0 93.3 93.0 0.3 4.00 0.27

control OX+TACH * 91.3 93.5 95.8 94.0 0.0 3.45 0.27

control ** 90.8 94.3 94.5 91.0 3.5 4.08 0.28

LSD p = 0.05 - - - - 0.8 - -

*- seeds treated with  Oxafun T 75 WS/DS + Tachigaren 70 WP (6g+15g/  kg of seeds)   
** - un treated seeds
T – Vari ant of test where se lected of fun gus iso lates were added
S - Vari ant of test where se lected of Actinomycetes iso lates were added
P – Fun gus of Actinomycetes added the pelleting ma te rial in dry pow der
Z - Fun gus of Actinomycetes added the pelleting ma te rial in sus pen sion



seed lings as ef fec tively as fun gi cides (in form of dry pow der or sus pen sion)
(Ta ble 5).

DISCUSSION

Trichoderma sp. is one of the most in ten sive tested mi cro or gan isms for bi o log i -
cal con trol since many years. It was used for bi o log i cal con trol of plant patho gens
in or chards, green house crops, ce re als, and sugar beet. These fungi can stunt
growth of patho gen par a site and de stroy spores or sclerotium (Ferrata and
D’Ambra 1985) or cystosori (D’Ambra and Mutto 1987). It can stop ger mi na tion
of spores by ex u da tion hydrolytic en zymes which are needed for this pro cess (Elad
2000). Trichoderma sp. can very likely in duce a plant re sis tance (Elad et al. 2000).
This fun gus pro duces auxins which stim u late the growth of young plants. (Mañka
et al. 1997, Werner et al. 1998). 

Actinomycetes are the next very in ter est ing group of mi cro or gan isms which can
be used as the BCA. They can pro duce an ti bi ot ics (Broadbent et al. 1971, Gorlach
1995), cellulolitic and pectinolitic en zymes, and some times chitinolitic en zymes
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Ta ble 5 
In flu ence of BCA on in fec tion of sugar beet seed lings with Aphanomyces cochlioides

Isolates of microorganisms
Percent of plants infected with Aphanomyces cochlioides

greenhouse test microplot test

1 T/Z 10.4 9.2

1 T/P. 9.2 9.7

8 T/Z 10.8 1.3

8 T/P. 11.7 12.4

10 T/Z 11.9 10.2

10 T/P. 5.3 12.4

11 T/Z 17.0 12.7

11 T/P. 14.5 12.3

15 T/Z 16.7 12.8

15 T/P. 24.4 11.7

18 T/Z 10.8 9.7

18 T/P. 2.9 9.5

21 T/Z 22.4 11.0

21 T/P. 24.0 11.2

S 14/Z 9.8 7.5

S 14/P. 10.4 8.0

control OX + TACH * 10.9 8.8

control** 26.4 14.4

LSD p = 0.05 1.8 1.5

*- seeds treated with 7 Oxafun T 75 WS/DS + Tachigaren 70 WP (6g+15g/per kg of seeds)
** - un treated seeds. Sym bols as in Table 4



which de stroy wall struc tures of fun gal my ce lium (Bayer and Dickmann 1984,
Strzelczyk et al. 1991, Lewiñska 1998).

In our in ves ti ga tions con ducted in vi tro twenty-five of Trichoderma sp. iso lates
were found which stunted a growth of A. cochlioides, P. betae and P. debaryanum
my ce lium. Among them four showed a strong an tag o nis tic ac tiv ity against all three
patho gens and six against A. cochlioides and P. betae and the re main ing ones were
ef fec tive only against one patho gen. The sim i lar ac tiv ity re vealed four iso lates of
Actinomycetes, one be ing ef fec tive against all three patho gens, and three against
A.cochlioides and P. betae. As a re sult of our in ves ti ga tions in vivo two iso lates of
Trichoderma sp. and one of Streptomyces sp. were iden ti fied, which re stricted in -
fec tion of sugar beet seed lings by A. cochlioides and P. betae. The ob tained re sults
in vivo and in vi tro are not con sis tent which was also dem on strated by other au thors 
(Weber et al.1996, Wil liams and Asher 1996) in di cat ing that in nat u ral con di tions
there may oc cur modyfying bi otic and abiotic fac tors which are not pres ent  in vi -
tro.

One of ba sic prob lem in bi o log i cal con trol is work ing out of ef fec tive meth ods to
trans fer the an tag o nis tic ac tiv ity of mi cro or gan isms into prac tice. Di rect in tro duc -
tion of BCA into the soil has given pos i tive re sults (Kowalik 1982, Camparota et al. 
1988, Nowakowska 1994, Werner et al. 1997, Saniewska et al. 1998). This has
been con firmed by our re sults where the in fec tion of sugar beet seed lings by A.
cochlioides was clearly re duced. For prac ti cal use of BCA there is nec es sary to
work with biopreparations in a form en abling stor age and main tain ing the ac tiv ity
in cor po rated in these mi cro or gan isms. A lot of work has been done to eval u ate dif -
fer ent ma trix sub stances which can be used for that pur pose (Herman and Nel son
1994, Weber et al. 2000). 

Di rect meth ods of coat ing seeds with BCA has been tested for many years. In ter -
est ing re sults with T. koningii against Gaeumannomyces graminis ob tained Brion
et al. (1996) coat ing di rectly wheat grains with BCA. Tests with sugar beet seeds
coat ing with Trichoderma harzianum was done by Ruppel et al. (1983). The level
of plant pro tec tion by this fun gus was com pa ra ble to chem i cal seed treat ment.
Walther and Gindrart (1988) ob served much re duc tion of dam aged seed lings by
P. ultimum, P. betae, and Rhizoctonia solani af ter seed coat ing with Chaetomium
globosum as co spores. Sim i lar re sults were re corded by Pietro et al. (1991) against
P. ultimum. 

The pelleting of sugar beet seed is now com monly used and BCA against damp -
ing-off patho gens can be easy in tro duced in this tech nol ogy. This kind of re search
was done in Broom’s Barn. Bac te ria from sugar beet seed lings were iso lated and
their ac tiv ity was tested against P. ultimum and A. cochlioides in vi tro. Cho sen iso -
lates were added into seed pel let. A sub stan tial re duc tion of in fected seed lings was
achieved, but the ef fect was, how ever, lower as com pared to seeds treated with fun -
gi cides (Wil liams and Asher 1996). 

In our in ves ti ga tions seven iso lates of Trichoderma sp. and one of Streptomyces
sp.were added into seed pel let. They were cho sen based on re sults ob tained in vi tro
and in green house tests, where BCA were di rectly incoporated into steri lised soil.
The green house and microplots tests showed that two iso lates of tested fungi and
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one of Actinomyces re stricted the num ber of seed lings demaged by damp ing-off
patho gens on the same level as chem i cal treat ment. 

The use of BCA for sugar beet seed ling pro tec tion against damp ing-off patho -
gens seems to be very dif fi cult for chem i cal rea sons now when ef fec tive and com -
mon chem i cal treat ments are used. It does not ex clude, how ever, futher
in ves ti ga tions in this field. 

CONCLUSIONS

1. The re sults ob tained so far sugest a con tin u a tion of this re search work. It
would be de sir able to test more iso lates show ing an an tag o nis tic ac tiv ity
against damp ing- off patho gens and check ing the pos si bil ity of comon use for
seed treat ment. This would, no doubt, in crease the ef fi ciency and re li abil ity of 
this method.

2. Work ing out of ef fec tive method of BCA and their add ing into seed pel let is
a very im por tant el e ment in the bi o log i cal method of sugar beet pro tec tion. It
would give rea sons for con tin u a tion the re search work and to com pare dif fer -
ent meth ods of in cor po rat ing mi cro or gan isms into the pel let. 
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