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Abstract. The aim of research was to determine the protective effect of the microbiologi-
cal material Trichoderma harzianum G 220 and Gliocladium fimbriatum S 151 and their
post-culture liquids against soil-borne pathogenic fungi. The use of biological control im-
proved the emergences, healthiness of pea plants and their yielding. Despite using the
microbiological material for seed dressing, pea plants were infected by Altenaria alter-
nata, Ascochyta pisi, Botrytis cinerea, Fusarium culmorum, Fusarium oxysporum f. sp.
pisi, Fusarium solani, Phoma exigua, Pythium irregulare, Rhizoctonia solani and Scle-
rotinia sclerotiorum.
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INTRODUCTION

Among papilionaceous plants, pea is a plant of considerable importance due to the
nutritional value of its protein. Hence, this plant is the object of studies, concerning of
pea diseases and their control. The infecting fungi include Botrytis cinerea, Rhizoctonia
solani, Sclerotinia sclerotiorum and Ascochyta spp., Fusarium spp. and Pythium spp.
These pathogens cause pre- and post-emergence infection, root rot and premature decay
of plants. Besides, Fusarium oxysporum f. sp. pisi causes fusarious wilt of plants
[Hagedorn 1989, Filipowicz 1983, 1993, Shalini and Dahroo 2003]. The enumerated
pathogens considerably reduce the size and quality of the seed yield. The harmfulness of
the pathogens under discussion results from the fact that they one seed-borne pathogens.
Besides, they can develop as saprophytes in the soil or parasitize on other cultivated
plants.

The use of chemical protection against soil-borne plant pathogens creates a danger
of fungicides contaminating the agricultural environment. Alternative methods of plant
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protection became increasingly popular. Within these methods, antagonistic microor-
ganisms are of high importance [Liu 1988, Gurha 2001, El-Kafrawy 2002, Pigta et al.
2002]. Such microorganisms include Trichoderma spp. and Gliocladium spp. [Lacicowa
and Pigta 1990, 1994b, Lin et al. 1994, Elad 2000]. Abundant information in the litera-
ture point to the protective effect of these microorganisms against plant pathogens of
different plants [Papavizas 1985, Pastucha 1999, Rasami et al. 2001, Dubay 2002, Pigta
et al. 2002, 2003].

At present, post-culture liquids of antagonistic fungi are used to control the diseases
of cultivated plants [Indra and Thribuvanamala 2002, Roberti et al. 2001, 2002]. Ac-
cording to Stefanowa et al. [1999], post-culture filtrates of the isolates of Trichoderma
harzianum A-34 and Trichoderma viride A-86, containing carboxymethylocelulosis,
chitinasis, -1,3 glucanasis and volatile lacton as well as 6-penthyl a-pyrone effectively
inhibited the growth of Phytophthora nicotiana, Rhizoctonia solani and Pythium spp.
A similar effect occurred in the case of post-culture liquids of 7. harzianum, T. viride
and 7. virens, which inhibited the growth of the mycelium and the germination of scle-
rotia of Rhizoctonia solani [Hazarika and Das 1998]. An important role in the antago-
nistic action of these microorganisms is played by glucanasis, chitinasis, proteasis caus-
ing degradation of the cell walls of pathogenic fungi [Roberti et al. 2002].

The purpose of the present study was to determine the protective effect of the
microbiological material of Trichoderma harzianum and Gliocladium fimbriatum and
their post-culture liquids towards the fungi pathogenic to pea.

MATERIAL AND METHODS

The studies were conducted in the years 2005-2007 at the Experimental Station at
Czestawice near Nalgczow on a field of a six-year-old pea monoculture with naturally
accumulated infection material. The object of the studies were pea plants cv. ‘Szescio-
tygodniowy Tor’ grown out of the seeds dressed with the microbiological material con-
sisting of the conidia of Trichoderma harzianum G 220 and Gliocladium fimbriatum
S 151 or the post-culture liquid of those fungi species. The dressing was performed
directly before the seed sowing. During dressing the seeds were put on the surface of the
14-days-old cultures of examined fungi species following shaking them for two minutes
or they were dipped in the post-culture liquid for five minutes. The post-culture liquid
was obtained after 8-days’ growth of Trichoderma harzianum G 220 and Gliocladium
fimbriatum S 151 in a liquid medium PDB (Potato Dextrose Broth) (Difco) at the tem-
perature of 22°C [Mishra and Behr 1976]. The study considered a combination with
chemical seed dressing with Zaprawa Oxafun T and the control combination, i.e. with-
out any dressing. Each combination included 4 replicates (4 plots), each with the area of
3.0 m%, where 100 seeds were sown on each. During the vegetation two observations
were performed in each year of the study — in the phase of seedlings and at anthesis.
These observations determined the number of plants and their healthiness on particular
plots of the experiment. The seedlings and the plants at anthesis that were considered to
be infected were subjected to laboratory mycological analysis. Five seedlings and five
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plants at anthesis that showed disease symptoms were taken from each experimental
combination.

After the plants were picked up and dried , the seed yield and the proportion of seeds
with spots were established. The mycological analysis of the plant material and the
seeds were carried out according to the method described by Lacicowa and Pigta
[1994a].

Results concerning the number, healthiness and yielding of pea plants were statisti-
cally analyzed, and the significance of differences was determined on the basis of
Tukey’s confidence intervals [Oktaba 1987].

RESULTS

The first observation indicated different numbers of seedlings growing on the plots
of particular experimental combinations (fig. 1). Results concerning the numbers of
plants and their healthiness, in the years 20052007 were very similar. Therefore in the
tables only the mean values were indicated. The greatest number of seedlings, which
was 88 on average, grew on the plots sown with the seeds dressed with the conidia of
Trichoderma harzianum G 220. A lot of seedlings also grew on the plots in the combi-
nations using the conidia of Gliocladium fimbriatum S 151 and the post-culture liquids
of both antagonists. Much fewer seedlings were found on the plots sown with the seeds
dressed with the chemical preparation Zaprawa Oxafun T, while the fewest, 61.7 seed-
lings on average, were observed on control plots.

Seedlings of inhibited growth and with necrotic spots on the roots and the stem base
occurred on all plots. The mean proportion of such seedlings on the plots of particular
combinations ranged from 0.9% to 6.4% (fig. 1). The smallest number of seedlings with
disease symptoms was observed on the plots sown with the seeds wetted in the post-
culture liquid of T. harzianum G 220, while the biggest one — on control plots.

The second observation, which fell on the anthesis of pea plants, found out a similar
number of plants on the plots of particular combinations and a slightly higher proportion
of infected plants. The highest losses of plants and a considerable increase of infected
ones occurred on control plots (fig. 1).

The mean yield gathered from plants growing on the plots of particular experimental
combinations ranged from 143 g (converted into 0.48 t-ha™) to 542.3 g (converted into
1.81 t-ha™) (tab. 1). The smallest yield was gathered from control plants. A significantly
higher yield as compared to the control was harvestedd from plants grown on the plots
sown with the seeds dressed with Zaprawa Oxafun T. In the case of the other experi-
mental combinations, i.e. using the conidia of 7. harzianum G 220 and G. fimbriatum
S 151 and their post-culture liquids for seed dressing, a high and good quality yield of
seeds was obtained. Within the applied microbiological material, Gliocladium fimbria-
tum S 151 proved most effective in protecting pea plants from pathogenic fungi since
this combination gave the highest seed yield. On the other hand, the smallest proportion
of infected seeds occurred in the yield gathered from the plots of the experimental com-
bination using the post-culture liquid of 7. harzianum G 220.
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Fig. 1. Number and healthiness of pea plants in individual experimental (mean from the years

2005-2007): 1 — conidia of T. harzianum, 2 — conidia of G. fimbriatum, 3 — post culture
liquids 7. harzianum, 4 — post culture liquids G. fimbriatum, 5 — Zaprawa Oxafun T,

6 — control, A — number of plants, B — % infected plants
Rys. 1. Liczebno$¢ i zdrowotno$¢ roslin grochu w poszczegdlnych kombinacjach doswiadczenia

($rednie z lat 2005-2007): 1 — konidia 7. harzianum, 2 — konidia G. fimbriatum, 3 — ptyn
pohodowlany 7. harzianum, 4 — ptyn pohodowlany G. fimbriatum, 5 — Zaprawa Oxa-

fun T, 6 — kontrola, A — liczba ro§lin, B — % porazonych roslin
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Table 1. Field and healthiness of pea seeds (mean from the years 2005-2007)
Tabela 1. Plon i zdrowotno$¢ nasion grochu ($rednia z lat 2005-2007)

Mean the yield Mean the percentage of
Experimental combination ~ of pea seeds ) infected seeds
Kombinacja dos§wiadczenia Sredni plon nasion Sredni udziat porazonych
t-ha’! nasion
The seeds dressed with Trichoderma harzianum G 220 1 57% g [*b
Nasiona zaprawiane Trichoderma harzianum G 220 ' ’
Seeds dressed with Gliocladium fimbriatum S 151 1.81° 725
Nasiona zaprawiane Gliocladium fimbriatum S 151 ’ ’
Seeds soaked in post-culture liquids of Trichoderma
harzianum G 220 1.64° 58
Nasiona moczone w plynie pohodowlanym Tricho- ’ ’
derma harzianum G 220
Seeds soaked in post-culture liquids of Gliocladium
fimbriatum S 151 1.78¢ 6.2°
Nasiona moczone w ptynie pohodowlanym Gliocla- : .
dium fimbriatum S 151
The seeds dressed with Zaprawa Oxafun T b .
. . 1.18 11.25
Nasiona zaprawiane Zaprawa Oxafun T
Control Kontrola 0.48° 17.2¢

*means values in the columns do not differ significantly at (P< 0.05), if marked with the same letter
* $rednie warto$ci w kolumnach nie roznia sig istotnie przy (P< 0.05), jesli sa oznaczone ta sama litera

There vere obtained 1303 fungi isolates were being a result of the laboratory myco-
logical analysis of the roots and the stem base of the infected pea seedlings. The colo-
nies of Fusarium spp. occurred most frequently in the group of the obtained fungi
(tab. 2). This genus was represented by F. culmorum ,F .oxysporum f. sp. pisi F. equi-
seti and F. solani. Among the enumerated species, F. oxysporum f. sp. pisi was isolated
in the greatest numbers, both from the examined roots and the stem base of pea seed-
lings. Besides, such pathogenic fungi as Altenaria alternata, Ascochyta pisi, Pythium
irregulare and Rhizoctonia solani were isolated from the infected organs of seedlings.
The enumerated plant pathogens were isolated more numerously from the roots and the
stem base of the seedlings taken from the plots of the combination with Zaprawa Oxa-
fun T and the control as compared to the other plots of the experimental combination.

The 1880 fungi colonies were obtained as a result of the mycological analysis of in-
fected plants at anthesis (tab. 3). The most fungi colonies were isolated from control
plants, i.e. without any protective treatments on plants. A lot of fungi isolates were
obtained from the plants taken from the plots of the combination with Zaprawa Oxafun
T. In the case of using the conidia of 7. harzianum G 220 and G. fimbriatum S 151 and
the post-culture liquids of these fungi for the dressing of pea seeds, on average twice as
few fungi colonies were obtained as compared to the use of a chemical preparation.

The most numerous colonies were Fusarium spp., and its isolates constituted 26.9%
of all the isolations. Genus Fusarium was represented by F. culmorum, F. oxysporum f. sp.
pisi, and F. solani (tab. 3). Within the group of the enumerated species, F. oxysporum f. sp.
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pisi proved to dominate as its isolates constituted 59% of all Fusarium spp. colonies.
The isolates of Altenaria alternata, Ascochyta pisi, Botrytis cinerea, Fusarium cul-
morum, Fusarium oxysporum f. sp. pisi, Fusarium solani, Phoma exigua, Rhizoctonia
solani and Sclerotinia sclerotiorum were obtained from the infected plants at anthesis.

Saprobionts were obtained during the mycological analysis of the infected roots and
the stem base of pea plants. An especially big number of colonies of Gliocladium spp.
and Trichoderma spp. were obtained from the plants taken from the plots where the
microbiological material or the post-culture liquid was used for pre-sowing dressing.
A much smaller quantity of these fungi was obtained from the plants grown out of the
seeds dressed with a chemical preparation (tab. 3).

The mycological analysis of the seeds showed that the seeds with and without spots
were infected by fungi. Totally, 1,081 fungi colonies during three years of studies were
obtained (tab. 4). Majority of fungi isolates were originated from spotted seeds as com-
pared to those without any spots. Fungi species occurring on plants during the vegeta-
tion and on the seeds were very similar. The most fungi colonies were isolated from the
seeds gathered from control plants. Regardless of the applied microbiological material
(conidia 7. harzianum G 220 and G. fimbriatum S 151 or their post-culture liquids),
a similar number of fungi colonies was obtained.

DISCUSSION

The present studies confirmed the information on the protective effect of Tricho-
derma spp. and Gliocladium spp. towards plant infection by pathogenic fungi [Pigta et
al. 1998, Pastucha 1999, Pigta and Pastucha 2004, Pastucha and Patkowska 2005]. The
obtained results also pointed to the positive effect of post-culture liquids of 7. har-
zianum G 220 and G. fimbriatum S 151 on reducing the infection of pea by soil-borne
pathogenic fungi.

The protective effect of the microbiological material made of the conidia of such an-
tagonistic fungi as Trichoderma spp. and Gliocladium spp. against plant pathogens is
known for a number of cultivated plants [Roznay et al. 1991, Elad 2000, Mesta and
Amaresh 2000, Prasad and Rangeshwaran 2000, Matcalf and Wilson 2001, Sharma and
Sharma 2001, Gherbawy and Yaser 2003].

Introducing the conidia of antagonistic fungi through seed dressing to the soil effec-
tively protects the germinating seeds, and then the roots and the stem base of the seed-
lings and older plants from infection by plant pathogens. The presence of antagonists in
the soil inhibits the growth and development of pathogenic fungi and destroys their
endospores, causing the decrease of the populations of plant pathogens [Papavizas 1985,
Benhamou and Chet 1996]. On the other hand, antagonistic fungi developing in the
rhizosphere of plants creates a barrier protecting them from infection by pathogenic
fungi [Mukherjee et al. 1995, Pigta 1997, 1998, Weller 1998, Berg et al. 2002, Weller et
al. 2002].

Good emergences, healthiness and yielding of plants point to positive effect of
T. harzianum G 220 and G. fimbriatum S 151.
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The use of post-culture liquids for dressing pea seeds as well as the microbiological
material of antagonistic fungi proved effective in protecting from infection by soil-
borne fungi. It should be supposed that enzymes present in the post-culture liquid, spe-
cific toxic compounds, antibiotics produced by Trichoderma spp. and Gliocladium spp.
can effectively protect pea plants from pathogenic fungi [Liu 1988, Avent et al. 1993,
Harman et al. 1993, Haran et al. 1995]. The occurrence of such enzymes as chitobiasis,
chitinasis, glucanasis, proteasis in the post-culture liquid of the discussed antagonists
causes degradation of the cell walls of pathogenic fungi [Roberti et al. 2002]. On the
other hand, metabolites produced by Trichoderma spp. and Gliocladium spp. inhibit the
germination of fungi endospores and their growth and development [Singh 1998, Ste-
fanova et al. 1999, Rasami et al. 2001, Kiiciik and Kivanc 2003, Kumar et al. 2005].

Results obtained in the present studies point to the possibility of using both the
microbiological material of 7. harzianum G 220 and G. fimbriatum S 151 as well as
their post-culture liquids to protect plants from soil-borne pathogenic fungi.

CONCLUSIONS

1. Dressing the pea seeds with conidia Trichoderma harzianum and Gliocladium
fimbriatum and their post-culture liquids improve of the emergences, healthiness and
yielding of the plants.

2. The application of the microbiological material made from conidia of Tricho-
derma harzianum and Gliocladium fimbriatum and their post-culture liquids to seeds
dressing effectively protected the germinating seeds, seedlings and older plants from
infection soil-borne fungi.

3. Pathogenic fungi from genus Alternaria alternata, Ascochyta pisi, Botrytis cine-
rea, Phoma exigua, Pythium irregulare, Rhizoctonia solani, Sclerotinia sclerotiorum
and Fusarium spp. threaten of the pea cultivations.
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SKUTECZNOSC GRZYBOW ANTAGONISTYCZNYCH I ICH PLYNOW
POHODOWLANYCH W ZWALCZANIU CHOROB GROCHU (Pisum sa-
tivum L.)

Streszczenie. Celem pracy bylo okreslenie skutecznosci ochronnego dziatania materiatu
mikrobiologicznego Trichoderma harzianum G 220 i Gliocladium fimbriatum S 151 oraz
ich plyné6w pohodowlanych przeciwko grzybom przezywajacym w glebie. Stosowanie
biologicznego zwalczania poprawito wschody, zdrowotno$¢ roslin grochu oraz ich plo-
nowanie. Mimo uzycia materiatu mikrobiologicznego do zaprawiania nasion, rosliny gro-
chu byly porazane przez Alternaria alternata, Ascochyta pisi, Botrytis cinerea, Fusarium
culmorum, Fusarium oxysporum f. sp. pisi, Fusarium solani, Phoma exigua, Pythium ir-
regulare, Rhizoctonia solani i Sclerotinia sclerotiorum.

Stowa kluczowe: groch, Trichoderma harzianum, Gliocladium fimbriatum, ptyny poho-
dowlane
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