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ABSTRACT
The results of the long-term investigations in dynamics for study of the conditions of taxonomic groups of microorganisms of irrigated gleyey-yellow soils of the subtropical zone under vegetable crops in rotation with the continuous
growing of these cultures have been presented. The results of the researches study demonstrated an important vibration
of the microorganisms quantity under growing cultures happens. The most quantity of microorganisms, consuming organic nitrogen is observed in irrigative gleyey-yellow soils of the humid subtropical zone. Intensity of mineralization of
organic matters was lower in irrigative gleyey-yellow soils. A quantity of microorganisms was lower, but a coefficient
of mineralization was higher under continuous cultures as compared the analogous soils under crop rotation. These data
show that a type of the soil influence on the rhizosphere microflora insignificantly, while plant shows a significant effect on its quantity and compositions.
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1. Introduction
Soil plays an important role in biosphere life, it defines a
necessity of organization and conduction of soil monitoring in the environment protection [1]. The biological
equilibrium sustained in the soils of natural ecosystems
under the impact of various factors can be strongly disturbed under the impact of anthropogenic loads. The
biochemical and microbiological soil properties are of
particular importance in this context. In this context, data
on the microbiological characteristics of soils are necessary, because they make it possible to evaluate the effect
of agricultural practices and crop rotation systems on the
bio logical properties of soils. Microorganisms play an
important role in soil fertility and plant nutrition. More
functionality of microb complex, their sensitiveness to
any changes in soil give a chance to use from microbiological characters as criterion in estimation of soil condition [2]. Using of the most sensitive microb-biochemical parameter is offered for discovering of not suitable
condition appearing in the soil in time [3]. Bacteria, actinomycetes, microssopic fungus are main representatives of the soil microflora. They participate in the process of mineral decay [4].
Polanski et al. [5] noted that soil enrichment with organic matter in the form of humus and plant residues
increases the activity of microorganisms and stimulates
various biological processes in the soil. Microorganisms
Copyright © 2012 SciRes.

play an important role in soil fertility and plant nutrition;
their quantity and quality determine the character, intensity, and direction of the soil microbiological processes
[6,7]. At the same time, method of bioindication of the
antropogen violated soils isn’t elaborated to end [7,8].
Some scientists show that the soil cultivating standard
regulates biological, especially microbiological process
to a considerable extent, changes microflora quantity by
quantity and quality in agrocenoz and increases a quantity [9,10]. The crop rotation plays an important role in
improvement of the plant nourishment regime and purposely changing of microflora in the soils under predecessor plants. A quantity of microorganisms in soil depends on feeding standard, intensity of the substance
exchange, biology and development phase of the culture.
The soils under Lucerne are characterized by being more
of microorganisms quantity, but being less in monoculture [11]. According to the reference, the best condition
and nourishment regime form, microflora quantity increases, more underground root remnants enter the soil,
prevents from decomposition of soil humus matters for
humitity collection and preservation in plant alternation
in comparison with monoculture in the crop rotation [12].
This study was aimed at revealing the character of the
changes in the populations of the main taxonomic groups
of microorganisms (bacteria, spore-forming bacteria,
actinomycetes, and microscopic fungi) participating in
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the transformation of organic matter in soils of the subtropical zone of Azerbaijan.

2. Objects and Methods
2.1. Objects
Irrigated gleyey-yellow soils (in WRB-Irragric Gleyic
Luvisols) of the moderately humid subtropical zone are
formed under the influence of the seasonally wet climate
with excessive moistening in the spring and autumn and
with insufficient moistening in the summer. The humus
content in the upper horizons is 2.5% - 5.0%, and the soil
reaction is slightly acid ( pH H2 O 5.5 - 6.5; the pHKCl is 5.0 5.5).

2.2. The Field Experiments Scheme
For irrigated gleyey-yellow soils, a five-field vegetablelegumes (kidney beans) crop rotation was chosen (1:
tomatoes (N120P90K90); 2: white cabbage + corn for silage (N120P90K90), 3: bulb onions (N90P120K120), 4: kidney beans (N60P90K60), and 5: kidney beans (N60P90K60)).
The soils under monocultures of tomatoes, white cabbages, corn for silage, bulb onions, and were also examined.

2.3. Methods
The number of different groups of microorganisms s
were determined by the inoculation method. 1 qr dry soil
is dissolved in the water for analysis, it is diluted some
times by taking 1 ml from suspension (10–5 and 10–6).
From the same suspension 1 ml was planted in the standard nutritious environment and incubated in 30˚C thermostat for 3 - 5 days. The standard environment was
used for definition of taksonomik group microorganisms:
the total number of bacteria utilizing organic nitrogen
was determined on meat infusion agar (MIA), the total
number of bacteria and actinomycetes utilizing mineral
nitrogen was determined on starch and ammonia agar
(SAA), and the number of soil microscopic fungi was
determined on Czapek’s medium. Sporforming bacteria
was determined in the heated mixed environment during
20 minutes in 80˚C. The total number of colonies grown
on the particular medium was counted, and the population density of the particular physiological group of microorganisms was determined. A total quantity of the
colonias grown in the environment was calculated for the
unity which forms colonia in one qram of dry soil. The
plow (0 - 25 cm) and subplow (25 - 50 cm) layers were
subjected to the analysis. The inoculation was performed
in triplicate. The statistical processing of the data was
performed by the routine methods to ensure a 95% significance level.
Copyright © 2012 SciRes.
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3. Results and Discussion
The activity of microorganisms in soils is related to the
formation and mineralization of soil humus and inactivation of substances released from plants and inhibiting
substances entering the soils with applied chemicals. Investigations performed under different pedoclimatic conditions indicate that the crops exert different effects on
the composition and number of microorganisms [8,13,
14]. The analysis of the soil microflora includes the determination of the total number of microorganisms in the
soil and the populations of particular physiological
groups. It is also important to determine the total biological activity diagnosed by the amount of carbonic acid
released from the soil and the soil capacity for accumulation of nitrates and cellulose decomposition [15].
The anthropogenic influence on the soil is especially
great in intensive farming systems. In this case, the regimes of the soil nutrients, air, and water are subjected to
considerable changes. These changes should be carefully
studied in order to maintain and improve the soil fertility.
The possible competition between plant roots and microorganisms for nutrients (mainly, mineral nitrogen) is one
of the adverse effects in agrocenoses [13.
The rhizosphere of each plant is a dynamic system,
and soil microorganisms are known to be an important
factor of soil fertility [16]. Microorganisms of rhizosphere play an important role in development of plant
thanks to mineralization of the soil organic matter (SOM)
and weathering of soil minerals [17,18]; oppression of
the patogen microorganisms—stimulus of the plant disease [16,19]; synthesis of soluble phosphate [20], synthesis of the biological active matter. Though biomass of
microorganisms forms only 1% - 3% from SOM, microorganisms of rhizosphere play a key role in transformation of the root secretion [21]. Development of the plant
subsoil part depends on intensity of plant root exudents
and activity of soil microorganisms [22]. The plant nutrition with mineral substances and the crop productivity
depend on microorganisms. In this context, a comprehensive study of the soil fertility with due account for the
agrochemical and biological soil characteristics are of
special interest.

3.1. Comparative Analysis of the
Microorganisms Quantity in Crop Rotation
and Monoculture
We studied the dynamics of the population density of the
microorganisms in the soils under crop rotation systems
and under continuous vegetable crops. The results of this
study demonstrated that the population densities of the
soil microorganisms in the rotation systems are highly
variable. A sum of microorganisms in soil and plant root,
their functional condition depend on agrotechnics being
AJPS

Change of the Microorganisms Quantity in Irrigative Gleyey-Yellow under Vegetable Soils

1748

applied to agricultural cultures [23].
In the irrigated gleyey-yellow soils, the number of microorganisms under the tomatoes ranged from 2.4 to 3.7
× 106, the spore-forming bacteria from 0.2 to 0.3 × 106,
the actinomycetes from 4.7 to 7.3 × 105, and the microscopic fungi from 3.1 to 4.1 × 104 CFU/g soil in the layer
of 0 - 25 sm in the spring-autumn period. The population
density of the microorganisms was minimal in the subsurface horizon (Table 1). It is Mishustin’s opinion [4]
that the maximum biological activity and the maximum
biogeneity are typical of the upper layers of the soil profile.
In the variant with white cabbage + corn for silage, the
number of microorganisms ranged from 1.8 to 3.2 × 106,

the bacteria from 1.1 to 2.3 × 106, the actinomycetes
from 4.1 to 5.7 × 106, the spore-forming bacteria from
0.2 to 0.3 × 106, and the microscopic fungi from 42 to 51
× 103 CFU/g soil in the layer of 0 - 50 sm during the
years of the study. The share of bacteria comprised
69.7%, the spore-forming bacteria 9.8%, the actinomycetes 18.8%, and the microscopic fungi 1.7% of the total
number of microorganisms. The number of microorganisms in the layer of 0 - 50 sm ranged from 1.6 to 3.0 ×
106 CFU/g soil in the case of the continuous growing of
white cabbage, and the number of microorganisms was
14% lower than in the crop rotation. The number of microorganisms in the layer of 0 - 25 sm ranged from 2.4 to
3.2 × 106 CFU/g soil under the corn for silage.

Table 1. Average biogeneity of irrigated gleyey-yellow soils of moderately humid subtropics.
Total number of microorganisms
Field No., crop

Thousand CFU/g dry soil

Depth, sm
Spring

Summer

Autumn

% of the total number
Average

Bacteria

Sporeforming
Microscopic
Actinomycetes
bacteria
fungi

Five-course vegetable-leguminous crop rotation
I

0 - 25

3742

2440

3084

3089

69.7

9.1

20.0

Tomato

25 - 50

2707

1886

2187

2260

69.3

9.5

20.1

1.2
1.2

0 - 50

3225

2136

2636

2675

69.5

9.3

20.0

1.2

II

0 - 25

3680

2072

3637

3129

69.9

9.5

18.8

1.8

White cabbage +

25 - 50

2736

1604

2583

2308

69.4

10.2

18.7

1.6

corn for silage

0 - 50

3208

1838

3110

2719

69.7

9.8

18.8

1.7
1.0

III

0 - 25

3259

2047

2818

2708

70.9

10.4

17.7

Bulb onion

25 - 50

2411

1497

2128

2012

68.0

11.9

19.1

1.0

0 - 50

2835

1772

2473

2360

69.6

11.0

18.3

1.0

IV

0 - 25

4152

2830

3655

3546

70.5

9.4

18.4

1.7

Kidney bean

25 - 50

2894

1842

2741

2492

68.2

10.7

19.4

1.7

0 - 50

3523

2336

3198

3019

69.6

9.9

18.8

1.7

V

0 - 25

4028

2773

3560

3454

70.6

9.6

18.3

1.5

Kidney bean

25 - 50

2830

1792

2652

2425

68.9

10.4

19.0

1.7

0 - 50

3429

2283

3106

2939

69.9

9.9

18.6

1.6

Monoculture
Tomato

White cabbage

Corn for silage

Bulb onion

Kidney bean

0 - 25

3335

2373

2818

2842

66.0

11.4

21.7

1.0

25 - 50

2421

1517

1967

1968

69.0

11.2

18.9

0.9

0 - 50

2878

1945

2393

2405

67.2

11.3

20.6

1.0

0 - 25

3312

1775

2972

2686

68.4

9.7

20.8

1.0

25 - 50

2664

1365

1879

1969

73.4

10.8

14.8

1.0

0 - 50

2988

1570

2425

2328

70.5

10.2

18.3

1.0

0 - 25

3207

2432

2899

2846

67.8

11.2

20.1

0.9

25 - 50

2371

1598

2074

2014

67.9

11.9

19.2

0.9

0 - 50

2789

2015

2486

2430

67.9

11.5

19.8

0.9
1.0

0 - 25

2672

1701

2072

2148

67.0

10.8

21.1

25 - 50

2102

1312

1680

1698

69.3

10.8

18.9

1.0

0 - 50

2387

1507

1877

1924

68.0

10.8

20.2

1.0

0 - 25

3327

2496

3000

2941

69.4

10.4

19.2

1.0

25 - 50

2500

1575

2133

2069

66.9

11.5

20.4

1.2

0 - 50

2914

2035

2568

2506

68.4

10.9

19.7

1.1
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The number of microorganisms under the bulb onions
in the layer of 0 - 25 cm ( AIaI ) ranged in the springautumn periods from 2.0 to 3.3 × 106, the spore-forming
bacteria from 0.2 to 0.3 × 106, the actinomycetes from
3.6 to 5.6 × 105, and the microscopic fungi from 2.3 to
3.2 × 104 CFU/g of dry soil. The number of microorganisms ranged from 1.3 to 2.7 × 106 CFU/g soil under the
monoculture of bulb onions, and the maximum population density was observed in the spring. The number of
microorganisms under the onion in crop rotation was
20.7% greater in the layer of 0 - 25 sm and 15.6% greater
in the subplow horizon in comparison with the continuous growing. Intensive agricultural use of soils results in
permanent degradation and fertility loss [24].
The number of microorganisms under the kidney
beans ranged in the layer of 0 - 25 cm from 2.8 to 4.2 ×
106, the spore-forming bacteria from 0.3 to 0.4 × 106, the
actinomycetes from 4.7 to 7.9 × 105, and the microscopic
fungi from 38 to 69 × 103 CFU/g of dry soil. These values slightly decreased in the subplow horizon and comprised (1.8 - 2.9) × 106 CFU/g soil. The share of bacteria
in the crop rotation was 69.6%, the spore-forming bacteria 9.9%, the actinomycetes 18.8%, and the fungi 1.7%
of the total number of microorganisms. The number of
microorganisms in the layer of 0 - 50 sm comprised (1.6 3.3) × 106 CFU/g dry soil in the case of the continuous
growing of kidney beans.

3.2. Change of Microorganisms Quantity by
Quality Depending on a Season
The data on the population densities of the microorganisms in the irrigated gleyey-yellow soils demonstrate that
the microorganisms are represented in the spring under
the optimal temperature and moisture conditions mostly
by ammonifying bacteria. The population density of the
bacteria gradually decreased by the end of the summer
and increased again by the autumn, but it did not reach
the spring maximum. The maximum population densities
of the microorganisms were observed under the alfalfa
and kidney beans and the minimum ones under the onions.
The shares of bacteria and actinomycetes were maximal and the share of microscopic fungi was minimal in
the studied soils. Actinomycetes, similar to the sporeforming bacteria, increase their life activity when organic
substances in the soil become less available. This group
of microorganisms exceed the group of spore-forming
bacteria in their population density; actinomycetes reproduce well under neutral and alkaline reactions of the
soil solution [25]. The population density of the actinomycetes is determined not only by the soil conditions
(the moisture and temperature) and humus content but
also by the biological features of the crops in the crop
Copyright © 2012 SciRes.
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rotations [25]. Actinomycetes participate directly in formation of soil bioproductivity [26], in formation of the
biological active matters in the soil and formation of soil
nitrogen balance [27].
Depending on the year’s conditions and the cultivated
crop, the number of actinomycetes in the crop rotation
ranged during the growing period from in the ferraliticgley soils from 2.8 × 105 to 3.3 × 105 CFU/g. The
population density of the actinomycetes in the studied
soils gradually increased from the spring to the summer
and decreased again in the autumn. The studied soils
were characterized by the maximum population densities
of the bacteria and actinomycetes and by a low number
of microscopic fungi [11,28,29]. It is known that the agricultural use and especially the cultivation of soils results in a significant decrease of the microscopic fungi in
them [5,30].
Polyanskaya et al. [5] consider that the decrease of the
number of microscopic fungi in arable soils is one of
most serious disturbances of the composition of the soil
biota after soil involving into agriculture. This group of
microorganisms, despite its paucity (when determined
with the inoculation method), is largely responsible for
the soil fertility, participating in the destruction of plant
and animal residues and in the formation of a water-stable soil structure [16].
The number of microscopic fungi in the crop rotation
averaged during the growing period (2.8 - 6.0) × 104
CFU/g of dry soil in the gleyey-yellow soils. As for the
seasonal dynamics of the population density of the fungi,
it was the maximal in the spring, it decreased gradually
by the end of the summer, and it increased slightly by the
end of the plant growth.

3.3. Mineralization Intensity of the Organic
Substances by Microorganisms
The increase of the intensity of the anthropogenic impact
in the arable soil was accompanied by the increase of the
number of aminotrophic organisms, and this resulted in
the intensification of the processes of the organic compounds’ mineralization [31]. The intensity of the mineralization processes can be judged by the coefficients of
the mineralization and immobilization [4]. The mineralization coefficient (SAA/MIA) is calculated according to
a correlation of microorganisms quantity using of nitrogen mineral form to ammonificators quantity [32].
The mineralization coefficient ranged in the gleyeyyellow soils under the crops in the crop rotation from
0.25 - 0.29 and from 0.28 - 0.32 under the monoculture.
A conclusion can be reached on the basis of the data on
the microflora’s composition that the processes of the
mineralization of the plant and animal residues are relatively intense in the studied soils. The mineralization
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coefficient was greater under the continuously cultivated
crops than under the crop rotation.
These data attest to the low effect of the soil type on
the rhizosphere microflora and to the considerable effect
of the cultivated crops on the number and composition of
the soil microbial community.
A total quantity of microorganisms was more till 24%
than maize and head-onion versions for tomato, whiteheaded-cabbage + silage under vegetable bean in crop
rotation. The microorganisms quantity in the permanent
cropping was less till 39% as compared with the crop
rotation under plants of the same name. It is obvious that
microorganisms quantity is determined by growing plants
biology more than soil type.

4. Conclusions
The following conclusions can be reached on the basis of
the data on the long-term study of the dynamics of the
amount and composition of the microorganisms in the
gleyey-yellow soils of the subtropical zone under vegetable and forage crops.
The microorganisms in the irrigated gleyey-yellow
soils were dominated by bacteria and actinomycetes, and
the population densities of the spore-forming bacteria
and microscopic fungi were relatively lower.
The irrigated gleyey-yellow soils were characterized
by the minimal intensity of the mineralization of the
plant.
The number of microorganisms was smaller and the
mineralization coefficient greater under the monocultures
than under the crop rotations.
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