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Abstract 

The possibilities of using the biological products “Trichodermine” (Trichoderma viride Pers ex 

Fr.), “Gliocladine” (Gliocladium virens Miller et al.) and the mycorrhizal activator “Rhizo VAM 

Basic” (Glomus intraradices Schenck&Smith) for control of fungal diseases in garden pea and and 

their impact on the biometric indicators of young plants were studied. Biological preparations based 

on antagonistic fungi Trichoderma viride and Gliocladium virens improve the phytosanitary condition 

of the plants, the mycorrhizal fungus Glomus intraradices stimulates the formation of the root system 

and tuber formation, but has a weak fungicidal effect against Fusarium wilt in this culture. The 

experiment was performed on an artificial infectious background by Fusarium oxysporum Schlecht. f. 

sp. pisi (Hal.) Raillo, isolated from diseased plants. The effect of application of the biological 

products“Trichodermine” and “Gliocladine”  is 34-68%, from “Rhizo VAM Basic” - 8% compared to 

the infected control. The combined application of biological preparations with fungicidal and 

mycorrhizal action significantly  protects the crop from infection with the causative agent of Fusarium 

wilt of garden pea. 

Keywords: Pisum sativum L., legume-rhizobial symbiosis, arbuscular mycorrhiza, symbiotic 

effectiveness, antagonists, Fusarium oxysporum f. sp. pisi. 

 

INTRODUCTION 

 

Pea Pisum sativum L. is one of the most 

important legumes used as a source of valuable 

protein with a high nutritional value. Pea plants 

can bind atmospheric nitrogen and enrich the 

soil with organic substances. This makes peas a 

preferred precursor in crop rotations 

(Brezhneva, 2007). Growing peas over large 

areas leads to the accumulation of pathogenic 

microflora in the soil. One of the limiting 

factors in the production of green peas in the 

field is Fusarium root rot and wilting (Orlova, 

1999; Papavizas & Ayers, 1974). The disease 

is caused by a group of pathogens belonging to 

the genus Fusarium sp. and has various forms 

of manifestation (Kraft, 2001). Infection can 

develop as root rot, rot of beans and cereals, 

wilting and drying out. The main cause of root 

rot and green pea wilt is Fusarium oxysporum 

(Schlecht.) f. sp. pisi (Hal.) Raillo (Sharma, 

2010; Stancheva, 2002). Fusarium oxysporum 

develops in the conducting system of plants 

and blocks the transfer of water and nutrients to 

plant organs. As a result of tracheomycosis, 

plants wither and eventually dry out. The 

fungus reproduces by mycelium, micro- and 

macroconidia, chlamydospores and sclerotia. 

This helps to keep the phytopathogen in the 

soil and on plant residues. The main stock of 

infection remains in the soil, therefore, 

measures to combat the disease should, above 

all, be aimed at reducing the amount of 

inoculum in it. In field conditions, controlling 
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the infection with chemicals alone does not 

give a satisfactory result (Akhter et al., 2015). 

An alternative to the chemical method is to 

enrich the soil with antagonists and 

mycorrhizal fungi. Universal agents for 

biological control of soil pathogens are fungi of 

the genus Trichoderma (Kim & Hwang, 2007; 

H a r m a n, 2000; Papavizas, 1985). It is 

known that the pre-sowing treatment of legume 

seeds with a suspension of conidia 

Trichoderma hamatum (Bon.) protects peas 

and beans from infection with Pythium sp. and 

Rhizoctonia solani to the same extent as the 

fungicide “Captan” (B e n i t e z et al., 2004). It 

is important to choose a variety with a good 

ecological plasticity, a high level of nitrogen 

fixation and a formation of arbuscular 

mycorrhiza. According to the literature, 

arbuscular mycorrhiza has a depressant effect 

against the development of diseases caused by 

the soil-dwelling fungi (Davis et al, 1979; 

Davis & Menge, 1980). The mechanisms of 

this interaction between the arbuscular 

mycorrhizal fungi (VAM) and the soil 

pathogens are diverse, but the cause of disease 

suppression is not yet known (Abbott et al., 

1985; Bever et al., 2002). The aim of the 

present work is to study the influence of the 

antagonistic fungi Trichoderma viride and 

Gliocladium virens and the mycorrhizal fungus 

Glomus intraradices on the development of 

green pea under conditions of soil infection 

with Fusarium oxysporum f. sp. pisi. The 

effectiveness of the symbiosis and its 

application for the control of Fusarium root rot 

and wilting in peas was evaluated. 

 

MATERIALS AND METHODS 

 

The experimental work was performed 

as a vessel experiment in greenhouse 

conditions. For this purpose a pea variety 

„Puldin“, selection of (MVCRI) was used. The 

seeds were decontaminated in 1.5% NaOCl 

solution for eight minutes, followed by copious 

washing in clean water and sown in a sterile 

peat-perlite mixture in a ratio of 1:2. The 

biologics “Trichodermine” and “Gliocladine” 

with a titer of 2.1010 c/g were used at a dose of 

2 g/plant, mycorrhizal preparation “Rhizo 

VAM Basic”-5 ml/plant before sowing the 

fungus Glomus intraradices – 5 ml/plant were 

introduced into each pot. The variants with the 

introduction of the antagonists separately and 

in combination with the mycorrhizal fungus 

were set. The experiment was performed on an 

artificial infectious background of Fusarium 

oxysporum isolated from diseased pea plants. 

Two weeks after germination, the young plants 

were dipped in the soil and infected with a pure 

culture of Fusarium oxysporum f. sp. pisi with 

a titer of 1.108 с/ml, produced in a liquid 

nutrient medium of Chapek. The dose of the 

imported inoculum was 5 ml per pot. The 

biological preparations based on fungal 

antagonists Trichoderma viride and 

Gliocladium virens were produced in the 

laboratory of the (MVCRI) according to the 

methodology for solid-phase production. We 

used the trademark of mycorrhizal preparation 

– “Rhizo VAM Basic”. The following 

biometric parameters of plants were monitored: 

raw Biomass per plant (g), Length (cm) and 

Weight (g) of the root, Height (cm) and Weight 

(g) of the stem, (g) during the flowering phase 

of green peas. Reporting of Fusarium root rot 

was made on a 4-point scale: 

0 - no symptoms; 1 - slight darkening of 

the root collar or base of the stem; 2 - 

significant darkening or blackening of the root 

collar or base of the stem, the rot of the main 

and lateral roots; 3 - severe rot of the stem, the 

presence of fungal tissue plant easily removed 

from soil; 4 - the death of plants (Chekalin, 

2003). The Index of Attack was calculated 

using Mc. Kinnly formula, the Effect of using 

organic fertilizers - Abbott formula. Each 

variant contained 20 plants in five replications. 

Plants were grown in greenhouses with strict 

watering.The statistical processing of the 
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obtained experimental data was made with the 

program Excel (Microsoft Office 2002), 

Windows XP. The results of the study were 

analyzed by a standard statistical procedure and 

presented as a means from three replicates. 

 

RESULTS AND DISCUSSION 

 

According to scientific observations, 

peas (Pisum sativum L.) are considered an ideal 

model crop for studying the functioning of a 

triple symbiotic system - root, nitrogen-fixing 

bacteria and mycorrhizal fungi (Shtark et al., 

2006). In this paper, the influence of 

mycorrhizal fungi and antagonists on the 

development of peas in the conditions of 

natural infection of plants with nitrogen-fixing 

bacteria is traced. It was found that inoculation 

of plants with Glomus intraradix has a positive 

effect on the biometric parameters of young 

pea plants - plant height, root length, and raw 

plant biomass. Probably, the stimulating effect 

of mycorrhizal biofertilizer is due to the ability 

(AMH) to increase the absorption of nutrients 

by the plant (Bolan, 1991; Clark & Zeto, 

2000). Our results confirm the results obtained 

by other authors (Aleshenkova, 2011; Borisov, 

2004). It is known that (AMF) is a widespread 

group of fungi that form a symbiotic 

association with various plant species. (AMF) 

ensure the absorption of nutrients (mainly 

phosphorus and nitrogen) from the soil and 

contribute to the survival of plants in adverse 

environmental conditions. In turn, plants 

supply arbuscular mycorrhizal fungi with 

carbohydrates and lipids. Thanks to its 

powerful enzymes, mycorrhiza decomposes 

and delivers water-insoluble forms of 

phosphorus, potassium, and nitrogen, as well as 

other biologically active substances and trace 

elements to the host plant. The growth-

stimulating effect on green peas was well 

expressed in variants with the introduction of 

the fungus Trichoderma sp. and Gliocladium 

sp. (table 1). In these variants, the biometric 

parameters of plants significantly exceed those 

in the control variants - plant height by 20%; 

root length by 50-90%; raw plant biomass - 46-

56% (table 2). The antagonistic fungi 

Trichoderma sp. and Gliocladium sp. were 

recognized by researchers as microorganisms 

capable of acting as growth regulators 

(Koryagin, 2009). They secrete substances that 

stimulate plant growth and promote the 

absorption of insoluble salts and nutrients from 

the soil solution (Pavlovskaya et al., 2012). The 

degree of tuber formation in peas is an 

important indicator causally related to the yield 

of this crop. Pea varieties differ significantly in 

their ability to fix atmospheric nitrogen. 

Therefore, many countries are working to 

create pea genotypes with a high intensity of 

symbiotic nitrogen fixation (Naumkina, 2003; 

Tagimanova et al., 2013). There is a positive 

relationship between the high yield and the 

number of tubers formed (Pereira et. al., 1993). 

To improve nitrogen fixation, artificial 

inoculation of plants with nitrogen-fixing 

bacteria is used. In our experience, the 

formation of tubers occurred naturally and is 

due to the genetic characteristics of the 

“Puldin” variety. Accounting for the number of 

tubers formed on plant roots showed that 

Trichoderma and Gliocladium fungi contribute 

to the formation of symbiotic relationships 

between nitrogen-fixing bacteria and the root in 

this culture (table 1). The number of tubers 

formed at the root is the largest in these two 

variants. For comparison, the use of the 

mycorrhizal fungus Glomus intraradices does 

not lead to an increase in the number of tubers 

at the roots. This is due to a different type of 

relationship in the biocenosis. The symbiotic 

relationship of Glomus intraradices and pea 

plants is due to the formation of arbuscular 

mycorrhiza. The use of antagonists and 

mycorrhizal fungus Glomus intraradices in the 

form of a double inoculation of plants did not 

have a positive effect on the biometric 

parameters of plants, compared with the control 
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or variants with the introduction of bioproducts 

separately. The reason for reducing this effect 

when used together with mycorrhizal fungi and 

antagonists may be the ability of antagonists to 

produce toxins. It has been shown that most 

Trichoderma strains synthesize toxic 

metabolites that inhibit colonization by other 

microorganisms (Pavlovskaya et al., 2012). 

One of the main goals of our study and the 

study of the effect of application of the 

antagonistic fungi Trichoderma and 

Gliocladium combine with the mycorrhizal 

fungus Glomus intraradices against the 

development of Fusarium rot and wilt in green 

pea. It is known that the treatment of the soil 

with the biological preparations “Trichoder-

mine” and “Gliocladine” signifi-cantly reduces 

the accumulation of phytopathogen in the soil 

(Rudakov, 2006). Treatment of the seed with 

fungi T. viride, and G. virens is used as a 

prophylactic to control Fusarium oxysporum 

(Zhang et al., 1996). The results of the 

experiment prove the effectiveness of 

antagonists as a means of combating Fusarium 

rot root and wilting in green peas. The effect of 

introducing antagonists into the soil before 

sowing at a dose of 2 g per plant (titer 2.1010 c/ 

g) on the development of Fusarium root rot and 

wilting in peas is 34% in the variant with T. 

viride and 68% with G. virens, respectively. 

Table 1. Biometric parameters of plants in the experiment with green pea. 

Вариант Parameters 

Mass of 

plant  

(g) 

Root Stem 

Number of 

tubers 
Length 

(сm) 

Mass 

(g) 

Height 

 (сm) 

Mass 

(g) 

Control with 

infection 

15,96 16,25 0,33 51,75 15,63 24,33 

Control without 

infection 

17,59 21,45 0,50 64,00 17,09 27,50 

 

Trichoderma viride 23,43 17,91 0,52 63,66 22,91 26,11 

Gliocladium virens 24,83 16,15 0,63 55,20 24,20 35,80 

Glomus intraradices 22,78 20,23 0,69 62,14 22,09 47,70 

Glomus intraradices 

+ Trichoderma 

viride 

17,98 16,11 0,54 48,66 17,44 27,00 

Glomus intraradices 

+ Gliocladium 

virens 

18,92 22,33 0,59 50,41 18,33 29,38 

 GD 0,05% 1,078 0,65 0,169 1,72 0,097 0,036 
 

The results of using Glomus 

intraradices in our experiment do not differ 

from the results obtained by other researchers 

(Bødker et al., 1998; Kjøller & Rosendahl, 

1996). The effect against the development of 

Fusarium root rot and wilting on peas from the 

independent use of the mycorrhizal fungi is 

about 8%. 

When the fungus T. viride and G. virens 

were used together with G. intraradices in the 

soil experiments, we reported an increase in the 

antagonistic properties of the fungus. This is 

probably due to two main factors - the 

maximum absorption of phosphorus by plants 

under the influence of mycorrhiza and the 
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release of antibiotics and toxins from 

antagonists. 

Despite the contradictory results 

obtained with the combined use of antagonistic 

fungi Trichoderma viride and Gliocladium 

virens and mycorrhizal fungus Glomus 

intraradices on the development of green pea 

in soil contamination with Fusarium 

oxysporum f. sp. pisi, we can draw the main 

conclusions about the effectiveness of 

symbiosis and its use to combat Fusarium root 

rot and wilting of peas. 

Table 2. Effect of application of Trichoferma viride, Gliocladium virens and Glomusintraradices on 

the biometric parameters of plants in green pea. 

Вариант Effect to infected control (%)/parameter 

Mass of 

plant 

(g) 

 

Mass of 

root 

(сm) 

Height 

of stem 

(сm) 

Number of 

tubers 

Trichoderma viride  46,80 57,58 23,01 7,32 

Gliocladium virens 55,58 90,91 6,67 47,14 

Glomus intraradices 42,73 109,1 20,08 96,05 

Glomus intraradices + 

Trichoderma viride 

11,40 63,64 - 11,00 

Glomus intraradices + 

Gliocladium virens 

18,55 78,79 - 20,77 

 

Table 3. Effect of biological products on the development of Fusarium root rot and wilting in green pea.  

No Variant 
Index of Attack, 

% 

Effect to infected 

Control  

% 

1 Control with infection 45,45 - 

2 Control without infection 37,50 17,49 

3 Trichoderma viride  30,00 33,99 

4 Gliocladium virens 14,28 68,58 

5 Glomus intraradices 41,66 8,33 

6 Glomus intraradices + Trichoderma viride 0,00 100,00 

7 Glomus intraradices + Gliocladium virens 0,00 100,00 
 

CONCLUSIONS 

 

The fungi Trichoderma sp. and 

Gliocladium sp. have a pronounced growth-

stimulating effect on green pea. The weight of 

the plant is 46-56% more than the control 

variant, and the height of the stem is 20% 

higher. 

Trichoderma аnd Gliocladium fungi 

contribute to the formation of a symbiotic 

relationship between nitrogen-fixing bacteria 

and the root in this culture. The number of 

formed tubers exceeds by % those in the 

control variant from 7 to 47%. 

The inoculation of Glomus intraradices 

plants has a positive effect on the biometric 

parameters of young pea plants - plant height, 

root length, and raw plant biomass.  

The use of antagonists Trichoderma sp. 

and Gliocladium sp. with the mycorrhizal 

fungus Glomus intraradices in the form of a 
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double inoculation of plants does not have a 

positive effect on the plant biometrics. 

The fungicidal effect against Fusarium 

root rot and wilting in green pea is from 34% to 

68% when using antagonistic fungi T. viride 

and G. virens and 8% - G.  intraradices. 

When the fungi T. viride and G. virens 

are used together with G. intraradices, the 

antagonistic properties of the fungus are 

enhanced. 

The results of the experiment 

demonstrate the benefits of the combined use 

of mycorrhizal and antagonistic fungi in the 

production of green pea. 
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