ISSN: 2312-3370, Agricultural Science and Practice, 2014, Vol. 1, No. 3

UDC 579.26: 631.461.5

Effectiveness of complex inoculation of spring wheat with N2-¿xing bacteria
Azospirillum brasilense and mold-antagonist Chaetomium cochliodes
E. P. Kopylov
The Institute of Agricultural Microbiology and Agricultural Manufacturing NAAS
97, Shevchenko Str., Chernihiv, Ukraine, 14027
e-mail: evhenykopilov@rambler.ru
Received on Jule 15, 2014
Aim. To study the speci¿cities of complex inoculation of spring wheat roots with the bacteria of Azospirillum
genus and Chaetomium cochliodes Palliser 3250, and the isolation of bacteria of Azospirillum genus, capable of
¿xing atmospheric nitrogen, from the rhizospheric soil, washed-off roots and histoshere. Materials and methods. The phenotypic features of the selected bacteria were identi¿ed according to Bergi key. The molecular
the polymerase chain reaction and genetic analysis was used for the identi¿cation the bacteria. Results. It has
been demonstrated that during the introduction into the root system of spring wheat the strain of A. brasilensɟ
102 actively colonizes rhizospheric soil, root surface and is capable of penetrating into the inner plant tissues.
Conclusions. The soil ascomucete of C. cochliodes 3250 promotes better settling down of Azospirillum cells in
spring wheat root zone, especially in plant histosphere which induces the increase in the content of chlorophyll
a and b in the leaves and yield of the crop.
Key words: Azospirillum brasilense, nitrogen-¿xing bacteria, spring wheat, endophytes, chlorophyll, Chaetomium cochliodes 3250.

INTRODUCTION
The bacteria of Azospirillum genus are some of the
most investigated objects among the plant rhizosphere.
The manner of their inÀuence on plants is multifaceted, including high N2-¿xing activity, which results in
providing nitrogen for the nutrition of plants, the capability to produce biologically active substances which
activate chloroplast genesis, stimulate the growth and
development of plants, and improve their resistance to
unfavorable conditions of environment and malignant
agents.
The aim of this work was to study the speci¿cities
of Chaetomium cochliodes Palliser 3250 promoting the
penetration of Azospirillum bacteria into spring wheat
roots.
MATERIALS AND METHODS

The preliminary identi¿cation of the selected bacteria
was carried out by morphological, cultural, physiological, and biochemical features according to Bergey’s
[2]. The description of the bacteria of Azospirillum genus from the original publications was also used [3].
We used universal oligonucleotide primers which
were conformed to conservative positions at 3’- and
5’-ends of 16S rRNA gene: 16S Forward (CGG-CCCAGA-CTC-CTA-CGG-GAG-GCA-GCA) and 16S Reverse (GCG-TGG-ACT-ACC-AGG-GTA-TCT-AATCC). The reaction of ampli¿cation was carried out on
Applied Biosystems appliance. PCR-products were
separated in 1.5 % agarose gel by horizontal electrophoresis. The detection of obtained PCR-products was
made on Applied Biosystems ABI Prism 3130 automatic capillary analyzer.

The calculation of Azospirillum bacteria was made on
Caceras solid agar medium with red congo where they
form dark red, little, dry, wrinkled colonies, 0.5í1.5
mm in diameter [1].

The ability of C. cochliodes 3250 to colonize spring
wheat root system was investigated in the laboratory
experiments with sterile conditions [4]. The staining
of mold mycelium in root tissues was made by Kobel
method [5].
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The content of chlorophylls a and b in leaves was
investigated by the spectrophotometer method [6].
The ¿eld experiments with spring wheat (Rassvet
breed) were carried on leached chernozem soil characterized by the following agrochemical speci¿cities:
humus content – 3.6 %; mobile phosphorus forms (by
Kirsanov) – 210í240 mg P2O5; metathetical potassium
(by Kirsanov) – 160í170 mg K2O in 1 kg of soil; pH
H20 – 6.5. The area of the plot was 25 sq.m, with four
multiple replications.
RESULTS AND DISCUSSION
The rhizospheric soil, washed-off roots and histosphere of spring wheat were used to obtain clean
bacteria cultures of Azospirillum genus. Eleven
most active strains, capable of fixing atmospheric
nitrogen, were selected, described by their phenotypic features and investigated with molecular and
genetic analysis methods. Currently the GenBank
database contains the information about 11 strains
of Azospirillum genus bacteria. As known from the
literature, all the Azospirillum strains selected from
Ukrainian soils belong to A. brasilense and A. lipoferum. Therefore, we carried out the phylogenetic analysis of the obtained strains as well as typical
strains of A. brasilense Sp7 and A. lipoferum 59b,
obtained from the Bacterial Collection of the Institute of Biochemistry and Physiology of Plants and
Microorganisms RAS.
Based on the cultural, morphological, physiological
and biochemical features the selected strains were considered to belong to Azospirillum genus, A. brasilense
strain. The PCR-analysis was used to obtain and sequence the ampli¿cants of 16S rRNA gene.
The comparative analysis of the sequencing results
revealed 100 % identity of 16S rRNA of the investigated bacteria with the similar sequences of A. brasilense from the GenBank database. Thus the identi¿cation of the selected strains using the sequence analysis
of 16S rRNA gene is in good agreement with the results obtained during the investigation of phenotypic
features.

One of the important conditions of the effective interaction of the introduced associative bacteria strains
with plants is the capability of microorganisms to colonize the plant roots actively. To investigate the ability
of A. brasilensɟ 102 to settle down in spring wheat root
zone we obtained a streptomycin stable mutant which
did not differ from the primer strain by its cultural,
morphological and physiological properties.
We investigated the dynamics of the quantity of mutant cells introduced into the root zone of spring wheat
in rhizospheric soil, on the washed-off roots and histosphere of plants in the vegetative experiment. The
obtained results testify that Azospirillum cells are able
to settle down not only in rhizosphere soil and root
surface but they also penetrate into the inner tissues of
spring wheat plants.
The endophytic property is very useful for microand macrosymbionts. The plants, infected with endophytes, get their growth processes activated, their immune status improved and the resistance formed to the
stress factors of their environment. The localization
of endophytes inside the plant tissues gives the latter
some advantages in comparison with rhizosphere microorganisms in terms of the access to nutritious substances and the absence of competition with aboriginal microÀora. Also the endophytes, penetrating into
the inner tissues, ¿nd themselves in more comfortable
conditions because they are protected from the negative inÀuence of environment. N2-¿xing endophytes,
particularly Azospirillum, are of special interest due
to their ecological role and possible practical application. The localization of Azospirillum bacteria in plant
tissues is favorable for N2-¿xing because the microzones of their localization have low partial oxygen
pressure which is necessary for active functioning of
bacterial nitrogenase and contains available material
for this process.
In addition, there is close interaction between micro- and macropartners which contributes to the exchange of signal molecules and metabolites. Particularly, N2 and phytohormones come into plants without
any loss.

The selected Azospirillum strains were tested in a
series of vegetative experiments with spring wheat,
where their ability to form associations with plants increasing N2-¿xing activity in the root zone, activating
the synthesis of photosynthetic pigments, promoting
the growth and development of plants have been studied. As a result we found out the most effective strain
to be A. brasilensɟ 102.

However, the issues of bacteria penetration into
plant tissues are yet to be investigated in ¿ne detail.
Some authors believe that Azospirillum bacteria do not
have enough pectolytic and proteolytic activity for the
abovementioned [7]. At the same time it was demonstrated in thoroughly checked experimental conditions
that under the inÀuence of a host-plant the pectolytic
activity increased 7í8-fold and the proteolytic activity
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increased 10í11-fold. According to the available information some mycorrhizal fungi can favor Azospirillum
bacteria to penetrate into plants [8].
At the Institute of Agricultural Microbiology NAASU
the strain of soil ascomycete Chaetomium cochliodes
Palliser 3250, which manifests high antagonistic activity against the rot agents of culture plant roots, was
singled out. We revealed that the soil fungus of Chaetomium cochliodes Palliser 3250 actively colonizes the
root system of spring wheat forming carposomes on the
root surface, penetrating into the root hairs and rhizoderma cells. At the same time the level of micro- and
macroelements absorption gets higher, the content of
photosynthetic pigments increases, providing for the
growth and development of plants. Thus, C. cochliodes
3250 is capable of forming endophytic association with
spring wheat roots.
To investigate the ability of C. cochliodes 3250 to
penetrate further into the histosphere of spring wheat of
Azospirillum bacteria in the vegetative experiment, we
examined the quantity dynamics of mutants introduced
into the spring wheat root system together with C. cochliodes 3250 (Figure).
The obtained results testify to the observed insignificant diminishing and further stabilization of the introduced mutant quantity at the level of (1.6í4.0) ǜ 105 bacterial cells in 1 g of rhizospheric soil. C. cochliodes
3250 facilitated the increase in the quantity of Azospirillum cells up to (3.6í6.4) ǜ 106. This fact may be explained by high antagonistic activity of C. cochliodes
3250 regarding the phytopathogenic fungi which can
provoke root rot, and as we noted earlier, during the
introduction in chernozem soil there is considerable

The colonization of spring wheat root sphere with Azospirillum sp.str: 1 – root surface; 2 – rhizosphere; 3 í histosphere

limitation of phytopathogenic fungi from Fusarium
genus, by which C. cochliodes 3250 promotes the settling down of Azospirillum bacteria in rhizospheric
soil. It is necessary to take into account the fact that
the most favorable conditions for the development of
Azospirillum cells are the microaerobic conditions
which can be provided by C. cochliodes 3250 during
the decrease of O2 in the N2-¿xing zone.
The results demonstrated that Azospirillum bacteria
settled down more actively on the surface of spring
wheat roots and their quantity was one order higher
than in rhizospheric soil. The inÀuence of C. cochliodes
3250 in this case was less considerable.
The quantity of Azospirillum bacteria in the inner tissues of spring wheat was much less and amounted to
(10í2.5) ǜ 102 bacterial cells in 1 g of roots. Under the
inÀuence of C. cochliodes 3250 the ability of Azospiril-

Table 1. The colonization of different spring wheat root spheres with A. brasilense 102str (vegetative experiment)
The number of bacterial cells (piece/g) in absolutely dry
roots (soil)
The variants of experiment

Rhizospheric soil
Inoculation with A. brasilense 102str
Inoculation with A. brasilense 102 + C. cochliodes 3250
Washed off roots
Inoculation with A. brasilense 102str
Inoculation with A. brasilense 102 + C. cochliodes 3250
Histosphere
Inoculation with A. brasilense 102str
Inoculation with A. brasilense 102 + C. cochliodes 3250
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Days after introduction
7

14

21

3.1 ǜ 106
5.6 ǜ 106

1.0 ǜ 105
1.3 ǜ 106

3.2 ǜ 105
5.6 ǜ 106

3.1 ǜ 107
2.0 ǜ 107

6.3 ǜ 106
7.1 ǜ 106

2.5 ǜ 106
4.0 ǜ 106

0.12 ǜ 102
4.5 ǜ 105

0.32 ǜ 102
4.0 ǜ 105

1.26 ǜ 102
2.5 ǜ 106
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Table 2. The inÀuence of spring wheat inoculation with microorganisms on the content of chlorophyll a and b in the leaves
of plants (vegetative experiment)
Chlorophyll concentration, mg/100 g of leaves

The variants of experiment
Without inoculation (control)
Inoculation with A. brasilense 102str
Inoculation of seeds with A. brasilense 102str +
+ C. cochliodes 3250
Less essential difference 05

a

b

A+b

42.56
52.87
68.85

13.86
17.95
23.84

56.42
70.85
92.69

0.80

1.23

Table 3. The inÀuence of A. brasilense 102 and C. cochliodes 3250 on the yield of spring wheat (the average for three years
of experiments)
The variants of experiment
Without inoculation (control)
Inoculation with A. brasilense 102
Inoculation with C. cochliodes 3250
Inoculation of seeds with A. brasilense 102 +
+ C. cochliodes 3250
Less essential difference 05

The yield, t/ha
3.71
4.35
4.54
4.65

The yield increase
t/ha

%

–
0.64
0.83
0.94

–
17.2
22.4
25.3

0.17

lum bacteria to penetrate into the roots increased (by 3í4
order) and in the histosphere of spring wheat there were
4.0 ǜ105í2.5 ǜ106 bacterial cells in 1 g of roots (Table 1).
Thus, it is possible to make a conclusion that forming the endophyte association with spring wheat roots,
C. cochliodes 3250 promotes the settling down of Azospirillum bacteria in rhizospheric soil and histosphere of
spring wheat.
The complex inoculation of spring wheat with A.
brasilensɟ 102str and C. cochliodes 3250 affected the
chloroplast genesis of the culture (Table 2). During this
period the plants were characterized by high content of
chlorophylls a and b in the leaves.
Thus, during the introduction into the root system of
spring wheat the strain of A. brasilensɟ 102 actively
colonizes rhizospheric soil, root surface and is capable
of penetrating into the inner plant tissues. The soil ascomucete of C. cochliodes 3250 promotes better settling
down of Azospirillum cells in spring wheat root zone especially in plant histosphere which induces the increase
in the content of chlorophyll a and b in the leaves of the
culture.

Thus, the soil saprophyte fungus C. cochliodes 3250
promotes better settling down of Azospirillum cells in
spring wheat root zone especially in plant histosphere
which induces the increase in the content of chlorophyll a and b in the leaves and yield of the culture.
ȿɮɟɤɬɢɜɧɿɫɬɶ ɫɩɿɥɶɧɨʀ ɿɧɨɤɭɥɹɰɿʀ ɩɲɟɧɢɰɿ ɹɪɨʀ
ɚɡɨɬɮɿɤɫɭɜɚɥɶɧɢɦɢ ɛɚɤɬɟɪɿɹɦɢ
Azospirillum brasilense ɬɚ ɝɪɢɛɨɦ-ɚɧɬɚɝɨɧɿɫɬɨɦ
Chaetomium cochliodes
ȯ. ɉ. Ʉɨɩɢɥɨɜ
e-mail: evhenykopilov@rambler.ru
ȱɧɫɬɢɬɭɬ ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɨʀ ɦɿɤɪɨɛɿɨɥɨɝɿʀ ɬɚ
ɚɝɪɨɩɪɨɦɢɫɥɨɜɨɝɨ ɜɢɪɨɛɧɢɰɬɜɚ ɇȺȺɇ
ȼɭɥ. ɒɟɜɱɟɧɤɚ, 97, ɑɟɪɧɿɝɿɜ, ɍɤɪɚʀɧɚ, 14027

The usage of A. brasilense 102 and C. cochliodes 3250
had high positive effect on the yield of spring wheat
plants (Table 3).

Ɇɟɬɚ. ȼɢɜɱɟɧɧɹ ɨɫɨɛɥɢɜɨɫɬɟɣ ɫɩɿɥɶɧɨʀ ɿɧɨɤɭɥɹɰɿʀ ɤɨɪɟɧɿɜ ɩɲɟɧɢɰɿ ɹɪɨʀ ɛɚɤɬɟɪɿɹɦɢ Azospirillum ɬɚ ɝɪɢɛɨɦ
Chaetomium cochliodes Palliser 3250, ɚ ɬɚɤɨɠ ɜɢɞɿɥɟɧɧɹ
ɡ ɪɢɡɨɫɮɟɪɧɨɝɨ ʉɪɭɧɬɭ, ɜɿɞɦɢɬɢɯ ɤɨɪɟɧɿɜ ɬɚ ɝɿɫɬɨɫɮɟɪɢ
ɩɲɟɧɢɰɿ ɹɪɨʀ ɚɤɬɢɜɧɢɯ ɲɬɚɦɿɜ ɛɚɤɬɟɪɿɣ ɪɨɞɭ Azospirillum, ɡɞɚɬɧɢɯ ɮɿɤɫɭɜɚɬɢ ɚɬɦɨɫɮɟɪɧɢɣ ɚɡɨɬ. Ɇɟɬɨɞɢ.
Ɏɟɧɨɬɢɩɨɜɿ ɨɡɧɚɤɢ ɿɞɟɧɬɢɮɿɤɭɜɚɥɢ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɜɢɡɧɚɱɧɢɤɚ ɛɚɤɬɟɪɿɣ Ȼɟɪɞɠɿ. ɉɪɨɜɟɞɟɧɧɹ ɦɨɥɟɤɭɥɹɪɧɨ-ɝɟɧɟɬɢɱɧɨɝɨ ɚɧɚɥɿɡɭ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɩɨɥɿɦɟɪɚɡɧɨ-ɥɚɧɰɸɝɨɜɨʀ ɪɟɚɤɰɿʀ ɞɨɡɜɨɥɢɥɨ ɜɿɞɧɟɫɬɢ ʀɯ ɞɨ Azospirillum brasilense. Ɋɟɡɭɥɶɬɚɬɢ. ɉɨɤɚɡɚɧɨ, ɳɨ ɲɬɚɦ A. brasilensɟ
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102 ɩɪɢ ɿɧɬɪɨɞɭɤɰɿʀ ɜ ɤɨɪɟɧɟɜɭ ɫɢɫɬɟɦɭ ɩɲɟɧɢɰɿ ɹɪɨʀ
ɚɤɬɢɜɧɨ ɤɨɥɨɧɿɡɭɽ ɪɢɡɨɫɮɟɪɧɢɣ ʉɪɭɧɬ, ɩɨɜɟɪɯɧɸ ɤɨɪɟɧɿɜ ɿ ɡɞɚɬɧɢɣ ɩɪɨɧɢɤɚɬɢ ɭ ɜɧɭɬɪɿɲɧɿ ɬɤɚɧɢɧɢ ɪɨɫɥɢɧ.
ȼɢɫɧɨɜɤɢ. ʈɪɭɧɬɨɜɢɣ ɫɭɦɱɚɬɢɣ ɝɪɢɛ C. cochliodes 3250
ɫɩɪɢɹɽ ɤɪɚɳɿɣ ɩɪɢɠɢɜɚɧɨɫɬɿ ɚɡɨɫɩɿɪɢɥ ɜ ɤɨɪɟɧɟɜɿɣ ɡɨɧɿ
ɩɲɟɧɢɰɿ ɹɪɨʀ, ɨɫɨɛɥɢɜɨ ɜ ɝɿɫɬɨɫɮɟɪɿ ɪɨɫɥɢɧ, ɳɨ ɩɨɡɧɚɱɚɽɬɶɫɹ ɧɚ ɡɛɿɥɶɲɟɧɧɿ ɜɦɿɫɬɭ ɯɥɨɪɨɮɿɥɿɜ a ɿ b ɜ ɥɢɫɬɤɚɯ ɿ
ɜɪɨɠɚɣɧɨɫɬɿ ɤɭɥɶɬɭɪɢ.
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: Azospirillum brasilense, ɞɿɚɡɨɬɪɨɮɢ,
ɩɲɟɧɢɰɹ ɹɪɚ, ɟɧɞɨɮɿɬɢ, ɯɥɨɪɨɮɿɥ, Chaetomium cochliodes
3250.

ɬɟɧɢɣ. ȼɵɜɨɞɵ. ɉɨɱɜɟɧɧɵɣ ɫɭɦɱɚɬɵɣ ɝɪɢɛ C. cochliodes 3250 ɫɩɨɫɨɛɫɬɜɭɟɬ ɥɭɱɲɟɣ ɩɪɢɠɢɜɚɟɦɨɫɬɢ ɚɡɨɫɩɢɪɢɥɥ ɜ ɤɨɪɧɟɜɨɣ ɡɨɧɟ ɹɪɨɜɨɣ ɩɲɟɧɢɰɵ, ɨɫɨɛɟɧɧɨ ɜ
ɝɢɫɬɨɫɮɟɪɟ ɪɚɫɬɟɧɢɣ, ɱɬɨ ɨɬɪɚɠɚɟɬɫɹ ɧɚ ɭɜɟɥɢɱɟɧɢɢ
ɫɨɞɟɪɠɚɧɢɹ ɯɥɨɪɨɮɢɥɥɨɜ a ɢ b ɜ ɥɢɫɬɶɹɯ ɢ ɭɪɨɠɚɣɧɨɫɬɢ
ɤɭɥɶɬɭɪɵ.
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: Azospirillum brasilense, ɞɢɚɡɨɬɪɨɮɵ,
ɹɪɨɜɚɹ ɩɲɟɧɢɰɚ, ɷɧɞɨɮɢɬɵ, ɯɥɨɪɨɮɢɥɥ, Chaetomium cochliodes 3250.
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