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THE QUARANTINE CONTROL AND THE METHODS OF DISINFECTION OF TOMATO
AND CUCUMBER SEEDS IN DIFFERENT REGIONS OF RUSSIAN FEDERATION
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Quarantine phytopathogenic analysis of different sorts of tomato and cucumber seeds used in greenhouses in Russian
Federation was studied. The common number of fungi and bacteria colonizing the outside and inside of seeds were
determined. The characterization of micromycetes and bacteria complex disseminating the seeds was established. The
phytotoxic infectious microorganisms were isolated. The negligible effect of some physical and chemical factors in seeds
disinfectant was shown. The high antagonistic activity against phytopathogens as a new method of biocontrol with
Trichoderma harziamum was proposed.
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Introduction

Under conditions of concentration and specialization of
agriculture the widespread plant infections defeat the
enormous economic harm (Khanzada et a11988; Grondona
et a11997; Duffy et aI1997). The infected seeds, remains of
infected plants, infected soil, and the pests (nematodes,
louses, pathogenic flies) are the main sources of plant
diseases spreading (Vasile 1992; Yarchan 1993; Duffy et al
1996; Shtienberg and Elad 1996). The seedspoisoning leads
to decrease viability and sprouting of the plant. The sowing
with infected seeds is resulted as plant disease and crops
damage (Zvaygintsev 1991;Grondona et aI1997). The recent
chemical methods of seed treatment in greenhouses are
forbidden in Tatarstan Republic since 1991. To control seed-
borne pathogens and produce healthy seeds new biological
methods must be developed. Biological control of plant
pathogens has been mostly used then others classical
methods. Research on controlling plant pathogens by
biological means has been directed to manipulation of the
environment by introduction of antagonists, especially
Trichoderma species (Jarvis 1989;Yarchan 1993;Orlikowski
1995; Orlikowski et aI1995). In our previous work the new
isolates of Trichoderma harzianum from greenhouse soil in
Tatarstan Republic with high competitive and growth stimu-
lating characteristics to plants were selected (Alimova and
Zakharova 1994; AlimovaetaI1996). The aim ofour present
study is to investigate the quarantine procedure for detecting
the pathogenic microflora colonizing the tomato and
cucumber seeds (the main greenhouse sorts) in Russia and
to see the effect of Trichoderma. Treatment of phytopatho-
gens selected from seeds to produce healthy seeds.
*Author for correspondence

Materials and Methods

The tomato seeds, sorts 'Krasnaya strela' from (Czuvash
Republic), 'Krasnaya strela' (Tatarstan Republic), cucumber
seeds, sorts of'TCXA-575', (Timiryazev Agricultural Aca-
demy) 'Belaya dacha', 'Gladiator', 'Estafeta' were used to
isolate the microorganisms colonizing the seeds. Determi-
nation of phytopathogens in different SOltS of tomato and
cucumber seeds was performed according to the recom-
mendation of International Asociation in seeds testing
(The Law of Russian Federation 1988; Khanzada et a11988;
Popkova 1988; Elad et a11993; Zutra 1992;Atlas and Bartha
1997).

For disinfection the seeds were incubated at 50-52°C for
72 h. To prevent the fungal and bacterial growth, the seeds
pretreated by heating, were incubated with dry trimethyl
thiocarbamoy1disulfide (TMTD) (4g kg") (palkinI991) for
3 weeks before sowing. Observation on the structure of
micromycete association and the growth rate was tested as
described(popkova 1988;Zvaygintsev1991;Atlas and Bartha
1997).

To investigate the inner microflora the surface disinfection
procedure was performed as described here. The seeds were
washed with water (10 h), then treated with 0.1% Ag N03

(2 min), with 0.5% KMn04 (5 min), and with 96% ethanol
(30 see). The seeds washed in sterile water were grounded
and water suspension of these were inoculated on Dextrose
Agar, Czapek Agar and beef Broth (Popkova 1988; Boberto
et aI1995).

The isolation and cultivation of T. harzianum G-432 from
greenhouse soil was performed as described (Alimova and
Zakharova 1994; Alimova et aI1995).
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The antagonistic activity of Trichoderma harzianum G-432
against selected phytopathogens was investigated. The
analyzed micromycetes were inoculated by prick plating on
czapek medium (at 30 mm between them). The growth rate
(mm/h) and the cooperation type of phytopathogen colony
and T.harzianum were detected after 3-6 days of the growth
and reaction type was detected as described (Simonian and
Mamikonian 1982; Camporota 1985; Grondona et aI1997),
where reaction types are: A-combined growth of phytopa-
thogen and antagonist; D-antagonstic activity: E.mycopara-
sitism.

Results and Discussion
All selected isolates of fungi and predominant bacteria
were determined up to species and it has been established
that tomato and cucumber seeds were disseminated with
micro-organisms from different taxa. The common number
of fungi and bacterial colonizing the seeds were shown in
Table 1. The tomato and cucumber seeds of various sorts were
disseminated to a different degree. Maximal number of
mycofiora was observed in cucumber seeds of sort 'Estafeta',
and in tomato seeds of 'Majyskiy' sort. The considerable
number of bacteria were obtained in cucumber seeds of'Gladi-
ator' sorts. The bacteria were a predominant group colonizing
all tested seeds. It was shown that common number of fungi
on the external surface of seeds exceeded the number inside
of the seeds (Table 5).

Five fungal species and four bacterial species were isolated
from the cucumber seeds Sort 'TCXA-575' (Table 2). The
seeds of cucumber 'Gladiator' sort were characterized with
high diversity of epiphyte microorganisms (9 fungal species
and 8 bacterial species), (Table 2). The seeds of sort 'Estafeta'
were disseminated with 11 fungal species and 8 bacterial
species (Table 2). The tomato seeds of sort 'Krasnaya strela'
(Tatarstan Republic) were shown to be disseminated on high
degree (24 spceies of microorganisms) with wide diversity of
microorganisms (12 species (Table 3).

Table 1
The cormnon number of fungi and bacteria colonizing
the different sorts of tomatoes and cucumbers seeds

Tomatoes and cucumbers sorts

Number of Cucumber Cucumber Cucumber Tomato Tomato
micro- seeds seeds seeds seeds seeds
organisms TCHA-575 Gladiator Estafeta Krasnaya Majyskiy
in 19 of Belaya strela
seeds dacha

Population 210 380 520 230 310
of fungi
propagules

Population 935 5200 4080 2118 4323
of bacteria
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According to the literature report (Zvaygintsev 1991; Atlas
and Barta 1997) every ecological niche contains the wide
set of fungi and bacteria, which take different roles in the
complex. Some may be typical in those conditions and they
take a leading position in the community, but others may be
accidental. Observation on some complexes structure was
performed to determine the position of every species in fungi,
bacterial community, and the functional role of every species
in plant pathogenesis. The frequency of species determi-
nation criterion was used. The typical predominant species
and genera taking the leading position define the character
of community (frequency of species detection 60-100%).
The frequency of species detection for frequent species and
genera was calculated as 30-60%, for rare species and gen-
eral as 10-30%, and of accidental species and general less
than 1O%.

The fungi in genera Aspergillus and Penicillum were deter-
mined to be predominat genera defining the character of
micromycete community that colonizing the tomato and
cucumber seeds of various sorts (Table 2 and 3). The fre-
quency of this fungi species detection on the cucumber
seeds of tested sorts was calculated as 60-100%.

Aspergillus niger colonizing all tested cucumber seeds was
observed as the predominant species (Table 2 and 3). Fungi
of the genera Aspergillus and PeniciLlum were shown to
cause the sprouts disease and root rot in conditions of mass
accumulation. It was known that these fungi usually accom-
pany with root rot. The greenhouse soil is very favourable for
plants and for fungi too. The Mucor spp, and Rhizopus spp.
participating fungi with genera Aspergillus and Pencillum
can cause the mass withering of plants. Many species of
these genera can produce toxins and biologically active
substances stoping the growth of roots and whole plant. In
some cases the fungi cause the real reason of disease and
prevent the correct choice of protection means (Zvaygintsev
1991; Atlas and Bartha 1997).

It was observed that bacterial spp. of Bacillus were prevalent
in all tested cucumber seeds (frequency of species detection
100%). Bacillus megaterium. Bacillus subtilis were selected
as predominant species, Bacillus mycoides and Bacillus
idosus were observed as frequent species (Tables 2 and 3).

The bacteria of genera Pseudomonas and Erwinia taking the
leading position among Gram negative bacteria colonizing
the seeds (Table 2 and 3).

Phytopathologic analysis of various sorts of cucumber
seeds revealed that Acremonium (Sort 'Gladiator') Oospora
lactis (Sort 'Estafeta') Cephalosporium (Sort 'Estafeta')
(Table 2 and 3) were the main infectious agents Oospora lactis
was shown to be the predominant species in microbial
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complex, but other infectious agents causing cucumbers
disease Cephalosporium and Acremonium were the minor
components in the community.

It was shown that tomato seeds of sort 'Krasnaya strela' in
(Czuvash Republic) were disseminated with micro-organisms
on different degree (Table 3). Aspergillus niger and Asper-
gillus flavus were isolated from the seeds as predominant
species. The other fungi and bacteria were observed as rare
and accidental species.

Analysis of tomato seeds of 'Krasnaya strela' sort (Tatarstan
Republic) revealed the opposite picture (Table 3). Fungi of
genera Aspergillus and especially Penicillum were isolated
as predominant microflora defining the characteristic of fungi
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conununity. It is shown that the fungi infect plant at the pe-
riod of plant reproducing and propagate at the storage condi-
tion 20°-25°C (Zvaygintsev 1991).

The phytopathogenic fungi Fusarium oxysporum, Stem-
ph ilium, Oospora lactis and Sclerotinia sclerotinorum as
infectious agents from the tomato seeds (sort 'Krasnaya strela'
Tatarstan Republic) were isolated (Table 3). The bacterial
infectious agent of genera Pseudomonas and Erwinia were
observed on tomato seeds (Table 3).

To decrease dissemination in the seeds of Tatarstan Republic
heating and treatment of cucumber seeds with TMTD was
used (Palkin 1991). It was shown that heating decreased the
fungi number at very low degree on the out side and inside of

Table 2
The species richness in fungi and bacteria complex isolated from the cucwnber seeds

Microorganism A B C D Toxin
1 2 3 1 2 3 1 2 3 1 2 3 producing

Fungi
Aspergillus niger 100 100 +
At flavus 100 50 +
A. nidulans 100 40 +
A. fumigatus 60 20 +
A. ustus 60 +
Penicillum eye/opium 60 70 +
P. asterosporum 40 40 +
P. glancus 70 +
P.oxalicum 40 +
P. fullutanum 60 +
Arthrobotrys spp 10 +
Mucor spp 100 40
Geotrichum spp 50 +
Acremonium spp 20 +
Rhodorula spp 100
Oospora lactis 70
Cephalosporium spp 30 +
Bacteria
Bacillus megaterium 60 50 40
B. cereus 50
B. subtilis 60 50 40
B. mycoides 30 10
B. idosus 40
B. mesentericus 10
Pseudomonas spp 40 30 30
Micrococcusroseus 20
M albus 25
Flavobacterium spp 30 10
Erwinia herbicola 30

A, Typical, predominant 60-100%; B, Typical, frequent 30<60%; C, Typical, rare 10<30%; D, Accidental <10%. 1, TSXA-575; 2, Gladi-
ator; 3, Estafeta.
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seed. The treatment of cucumber seeds with fungicide TMID
was more effective only against the epiphyte microflora
(Table 5). The number of inner microflora was negligible
after the treatment with TMID. It can be explained that
TMID is the fungicide with contact action.

All tested seeds of tomato and cucumber were used in
greenhouses of Tatarstan Republic, where the fungicides
were forbidden from 1991.

The screening of species Trichoderma was performed to
produce biopreparation trichodermin. The strain T. harzinum

F K Alimova et al

G-432 with high antagonistic activity and high viability in
soil under the anthropogenic factor was isolated (Alimova
and Zakhrova 1994; Alimova et aI1996).

It was shown that T. harzianum G-432 possessed high anta-
gonistic activity against all isolated from the tested seeds
phytopathogens (Table 4). The maximal growth inhibition
after 3 days (C%) of cultivation and sharply decrease of growth
rate were determined in Fusarium moniliforme, Phoma spp.,
Aspergillus niger, Ascohyta pisi and Acremonium fuscum.
Observation on the reaction type revealed that the main type

Table 3
The species richness in fungi and bacteria complex isolated from the tomato seeds

Microorganisms A B C
1 2 1 2 1 2

Fungi
Aspergillus. niger 100
Acflavus 30
A. ustus
A. clavato-nanica
A. fumigatus 50
A. nidulans 20
Penicillium spinulosum 40
P. wortmanii 40
P. janthnellum 40 40
P. miczynskii 70
P. rosea-purpureum 70 50
P. lanosa-viride 100
P. griseolum 60
P. fellutanum 50
Pi fuscus
P. camemberti 30
P. oxalicum 40
Mucorsp. 30
A ureobasidium
Pollulans 20
Stemphilium sp. 30
Fusarium oxysporum 30
Oospora lac tis 40
Sc!erotinia
Sc!erotivorum 20

Bacteria
Bacillus megaterium 30 20
B. cereus 20
B. mesentericus
B. subtilis 20
Pseudomonas sp. 20
Erwinia herbicola 40 20
Flavobacterium sp.

D Toxin
1 2 producing

+
+
+
+
+
+
+
+
+

+
+
+

10

+

+
+
+

+

10

10

A, Typical, predominant 60-100%; B, Typical, frequent 30<60%; C: Typical, rare 10<30%; D, Accidental <10%. 1, Krasnaya strela (Tatarstan);
2, Krasnaya strela (CZU, Vash).
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Table 4
The growth rate, antagonistic activity, reaction type and the colonization intensity in

Trichoderma harzianum against the phytopathogens

Plant Pathogen C,%,*** Reactio n mm/h,** mm/h,* test **Rl, %
on 3 day' type T. harzianum organism 7 days

Alternaria alternata 20 E 0.446 0.016 78.5
Alternaria brassical 20 E 0.446 0.016 69.6
Botrytis cinerea 33 A 0.346 0.027 88.8
Bipolaris species 10 D 0.375 0.0083 94.0
Cephalosporium 37 E 0.375 0.030 42.0
species 23 E 0.521 0.019 91.7
Colletotrichum corda 33 E 0.446 0.027 68.7
Acremonium species 27 E 0.488 0.021 91.1
Fusarium solani 7 D 0.383 0.055 88.2
Fusarium oxysporum 67 E 0.383 0.050 69.0
Fusarium moniliforma 30 E 0.333 0.025 47.0
Fusarium graminiarum 7 D 0.450 0.055 97.0
Phytophtora species 23 E 0.458 0.019 92.2
Rizoctonia 27 E 0.504 0.062 86.2
Verticillium 80 E 0.471 0.072 75.1
Phoma 60 D 0.500 0.031 80.2
Aspergillus niger 75 E 0.458 0.060 92.4
Ascochyta pisi 85 E 0.479 0.050 68.0
Acremonium fuscum

*-test-the growth rate of phytopathogens on the medium with Trichoderma harzianum, **-control-the growth rate of phytopathogens on the
medium without Trichoderma harzianum; ***-C= 100 DT IDE (Carnporota; 1986); DT -growth of phytopathogen in Trichoderma harzianum
direction after 72 hr (ern); DE-distance between two fungi (ern); **-RT, 100 (~-Rl)1R2 (Grondona et a11997) - the growth rate of Tricho-
derma harzianum (control) - 0.25 nun h.

Table 5
The effective of tomato seeds and treatment with
fungicide TMTD of cucumber seeds on the fungi

number (cfu/lg seed)

Sort External microflora Internal microflora

Untreated Treated Untreated Treated

Tomato
'Krasnaya
strela' 310 290 200 200
Cucumber
'Estafeta' 480 400 40 35
Cucumber
'Gladiator' 300 250 80 70

of interaction of Trichoderma harzianum G-432 with Phyto-
pathogens were mycoparasitism (E type) and antibiotic
activity (D type). The antagonistic activity (Rl%) was stable
after 7 days of cultivation (Table 4). The maximal growth
inhibition in all tested phytopathogens was observed.

It is established from the results, that bicontrol of phyto-
pathogens against tomato and cucumber seeds used in
greenhouses in different regions of Russian Federation can

........__ ...•_ .._ _-- --_.

be performed with native strain Trichoderma harzianum as
ecological safety method.

References
Alimova F K, Zakharova N G 1994 Optimization of intro-

duction of Trichodermin biopesticide in to anthro-
pogen contaminated soil ecosystem. In: Environment
Conference, Moscow, Russia, May 17-19, 9-10,1994.

Alimova F K, Zakharova N G, Egorov S U, Litvinova L U,
Leshinskaya I B 1996 The growth kinetics of Tricho-
derma harzinum Rifai Q-432 in greenhouse soil.
MycologiaJ phytopathologia 30(3) 38-54.

Atlas R M, Bartha R 1997 Species diversity indices. In:
Microbial Ecology, Fundamentals and Applications.
eds by Benjamin/Cumming Science Publishing, Cali-
fornia, USA, pp 191-192.

Boberto K Zito, Carlos S Sediyama, Tocio S Gomes J,
Valterley S 1995 Hipochlorito de sodio e alcool na
esterilizaco superficial de Soja. Rev Ceres Univ Fld
Vicosa 42 (244) 637-643.

Chet I, Inbar J 1994 Biological control of fungal pathogens.
Applied Biochemistry and Biotechnology 48(1) 37-43.

--_ ....__ •....•_ ...__ ..•_ ..._-- ._-- --_ __ _-_ _ __ -



196

CamporotaP 1985Antagonisme in vitor de Trichoderma spe-
cies vis-a-vis de Rhizoctonia solani Kuhan. Agro-nomie
7(5) 613-620.

Duffy B K, Simon A, Weller D M U 1996 Combination of
Trichoderma koningii with filuorescent pseudomonads
for control of take-all on wheat. Phytopathology 86(1)
188-194.

Duffy B K, Owne1yB H, Weller D m 1997 Soil chemical
and physical properties associated with suppression
of take-all of wheat by Trichoderma koningii. Phyto-
pathology 87(8) 1118-1124.

Elad Y, Zaqs Y, Zuriel S, Chet I 1993 Use of Trichoderma
harzianum in combination or alternation with fungi-
cides to control cucumber grey mould (Botrytis cinerea)
under commercial greenhouse condition. Plant patho-
logy 42(2) 324-332.

Grondona I Hermosa R, Tejada M, Gomi M D, Dateos P F,
Bridge P D, Monte E, Garcia - Acha I 1997Physiological
and biochemical characterization of Trichoderma
harzianum, a biological control agent against soilborne
fungal plant pathogens. Applied and Environmental
Microbiology 63(8) 3189-3198.

Jarvis W R 1989 Managing diseases in greenhouse crops.
Plant Disease 73(3) 190-194.

Khanzada A K, Nasreen S, Khan S A 1988 Seed mycoflora
of vegetables and its control. Pak J Sci Ind Res 31(8)
574-576.

Orlikowsky L B 1995 Studies on the biological control
phytophthora cryptogea Pethybr. Et Laff. II. Effective-
ness of Trichoderma and Gliocladium Spp. in the
control of Phytophthora Foot Rot of Gerbera. J Phyto-
pathology 143(2) 341-343.

OrlikowskyL B, Skrzypczak Cz, Schrauwen B 1995 Tricho-
derma spp. As inhibitory agents for Phytophthora

F K Alimova et al

cryptogea.In: Environmental Biotic Factors in Integ rated
Plant Disease Control, eds by Manka M. The polish
PhytopathologicalSociety,Poznana, Poland, pp 437-441.

Palkin U F 1991 Cucumbers and tomatos in film green-
houses of East Siberian. Siberian Institute of physiology
and biochemistry press, Novosibirsk, Russia 56 126.

Popkova K V 1988 The methods of seeds mycoflora deter-
mination. In: Prakticum po Selskokhozaystvennoy
Fitopatologii. Agropromizdat, Moscow, Russia, pp
311-316.

Simonian S A, Mamikonian T 0 1982 Interaction of the
components of carpophylous mycosynusial under
experimental conditions. Micologia I Phytopatologia
16 (3) 103-109.

Shtienberg D, Elad y 1996 Incorporation of weather
forecasting in integrated, biological-chemical mana-
gement of Botrytis cinerea. Phytopathology 87 (2)
332-340.

The law of Rusian Federation 1988 About Quarantine of
Plants. Megdunarodny selsko-khozaystvenniy gurnal
3 16-18.

Vasile D 1992 Faetorii care afecteaza transmiterea agen-
tilor pathogen prin sarninta. Cereale is Planta Tenika 44
(4) 18-21.

Yarchan D 1993 Soil borne spores as source of inoculum
for wheat bunt (Tilletia caries). Plant Pathology 42(40)
654-656.

Zvaygintsev D G 1991 Determination of the soil fungi
complexes structure. In: Motodi Pochvennoy Mikrobi-
logii IBiochimmi. Izadatelstvo MGU, Moscow,Russian,
pp 224-228.

Zutra D 1992 Quarantine procedure. Xantomonas campes-
tris pv. Vesicoloria. Test methods for tomato seeds. Bull
DEPP 22(2) 247-252.


