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ABSTRACT6
7

The biological equilibrium sustained in the soils of natural ecosystems under the impact of8
various factors can be strongly disturbed under the impact of anthropogenic loads. The9
biochemical and microbiological soil properties are of particular importance in this context. In10
this context, data on the microbiological characteristics of soils are necessary, because they make11
it possible to evaluate the effect of agricultural practices and crop rotation systems on the12
biological properties of soils.13
Object of researches. Object of researches are irrigated grey-brown (Irragic Gypsic Calcisols in14
WRB) and meadow-sierozemic soils (Irragic Calcisols in WRB) of arid subtropical zones and15
crop rotation and permanent cultures.16
Six-field vegetable-fodder crop rotation scheme in irrigative grey-brown soils (I scheme) 1.17
lucerne annual+barley for green folder; 2. lucerne two year; 3.water-melon; 4. potato; 5. garlic;18
6. white-head cabbage + tomato and five-field vegetable-bean crop rotation scheme (II scheme ):19
1.potato; 2.vegetable bean; 3. water-melon; 4. tomato; 5.vegetable bean. For a comparison as a20
tomato, water-melon, potato, garlic, white-head cabbage and vegetable bean are used in constant21
sowing.22
A research - work in grey-meadow soils has been conducted in four-field vegetable fodder crop23
rotation: 1.lucerne annual; 2. lucerne two year, 3. cucumber: 4.tomato. A tomato and a cucumber24
has been used in the constant sowing (in Shirvan plain) and in five-field crop rotation: 1. clap; 2.25
corn; 3. tomato; 4. lucerne annual; 5. lucerne two year (in Mugan plain)26
The results of the long-term investigations in dynamics for study of the conditions of taxonomic27
groups of microorganisms of irrigated grey-brown and meadow-sierozemic soils of the dry28
subtropical zone under vegetable crops in rotation with the continuous growing of these cultures29
have been presented. The results of the researches study demonstrated an important vibration of30
the microorganisms quantity under growing cultures happens. The less quantity of31
microorganisms, consuming organic nitrogen is observed in irrigative grey-brown and meadow-32
sierozemic soils of the dry subtropical zone. Intensity of mineralization of organic matters was33
more in irrigative grey-brown and meadow-sierozemic soils. A quantity of microorganisms was34
lower, but a coefficient of mineralization was higher under continuous cultures as compared the35
analogous soils under crop rotation. These data show that a type of the soil influence on the36
rhizosphere microflora insignificantly, while plant shows a significant effect on its quantity and37
compositions.38
Keywords: irrigative soils of dry subtropical zones, quantity of microorganisms, crop rotation,39
permanent cultures, coefficient of mineralization.40

41
42

1. INTRODUCTION43
44

Soil plays an important role in biosphere life, it defines a necessity of organization and45
conduction of soil monitoring in the environment protection (Dobrovolsky and et al., 1985). The46
biological equilibrium sustained in the soils of natural ecosystems under the impact of various47
factors can be strongly disturbed under the impact of anthropogenic loads. In this context, data48
on the microbiological characteristics of soils are necessary, because they make it possible to49
evaluate the effect of agricultural practices and crop rotation systems on the biological properties50
of soils. Postharvest and root residues in agroecosystems serve as the substrate and the main51
source of energy for soil microflora. Polyanskii et al. (1990] noted that soil enrichment with52
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organic matter in the form of humus and plant residues increases the activity of microorganisms53
and stimulates various biological processes in the soil. Microorganisms play an important role in54
soil fertility and plant nutrition; their quantity and quality determine the character, intensity, and55
direction of the soil microbiological processes (Voynova-Roykova and et al., 1986; Kazeev and56
et al., 2004). More functionality of microb complex, their sensitiveness to any changes in soil57
give a chance to use from microbiological characters as criterion in estimation of soil condition58
(Larionova and et al., 2006).59
This study was aimed at revealing the character of the changes in the populations of the main60
taxonomic groups of microorganisms (bacteria, sporeforming bacteria, actinomycetes, and61
microscopic fungi) participating in the transformation of organic matter in soils of the62
subtropical zone of Azerbaijan.63

64
2. OBJECTS AND METHODS65

66
2.1 Objects67

68
Gray-brown and meadow-sierozemic soils of arid subtropics have been studied.69
Irrigated gray-brown soils (Irragric Gypsic Calcisols according to the WRB) on the terraces of70
the Caspian Sea are developed under climatic conditions with a sufficient heat supply to ensure71
efficient irrigation farming. The humus content in these soils is 1.5– 1.9%, the soil reaction is72
slightly alkaline (pH 8.3–8.5), and these soils are characterized by the chloride– sulfate type of73
salinization.74
Irrigated meadow-sierozemic soils (Irragric Calcisols) are formed under conditions of increased75
soil hydromorphism; the groundwater dynamics in these soils are of great importance. The76
features of salinization and gleyzation are often seen in the soil profiles. The plow horizon77
contains 1.3–2.8% humus. The humus content increases from the newly irrigated soils to the old-78
irrigated soils. In the recently irrigated soils, the exchangeable sodium percentage increases from79
the depth of 30–40 cm; the presence of exchangeable sodium and the alkaline reaction lead to the80
development of solonetzic features in these soils.81

82
2.2 Schema83

84
The following crop rotation systems were used. On the irrigated gray-brown soils, a six-field85
rotation (alfalfa of the first year + barley, alfalfa of the second year, watermelons, potatoes,86
garlic, and white cabbages + tomatoes) (scheme I) and a fivefield rotation with vegetables and87
legumes (tomatoes, kidney beans, watermelons, potatoes, and kidney beans) (scheme II) were88
applied. For comparison, the soils under monocultures of tomatoes, watermelons, potatoes,89
garlic, white cabbages, and kidney beans were examined. On the irrigated meadow sierozemic90
soils (in Shirvan plain), a four-field rotation (alfalfa of the first year, alfalfa of the second year,91
cucumbers, and tomatoes) was applied. The soils under monocultures of cucumbers and92
tomatoes were also examined.93
On the irrigated meadow sierozemic soils (in Mugan plain), a five-field rotation (alfalfa of the94
first year, alfalfa of the second year, clap, corn and tomatoes) was applied.95

96
2.3 Methods97

98
The study was based on the comparative geographical analysis of the data on the dynamics of99
different groups of microorganisms. Their numbers were determined by the inoculation method.100
The total number of bacteria utilizing organic nitrogen was determined on meat infusion agar101
(MIA), the total number of bacteria utilizing mineral nitrogen was determined on102
starchandammonia agar (SAA), and the number of soil microscopic fungi was determined on103
Czapek’s medium. The total number of colonies grown on the particular medium was counted,104
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and the population density of the particular physiological group of microorganisms was105
determined. The plow (0–25 cm) and subplow (25–50 cm) layers were subjected to the analysis.106
The inoculation was performed in triplicate. The statistical processing of the data was performed107
by the routine methods to ensure a 95% significance level.108

109
3. RESULTS AND DISCUSSION110

111
The anthropogenic influence on the soil is especially great in intensive farming systems. In this112
case, the regimes of the soil nutrients, air, and water are subjected to considerable changes.113
These changes should be carefully studied in order to maintain and improve the soil fertility. The114
possible competition between plant roots and microorganisms for nutrients (mainly, mineral115
nitrogen) is one of the adverse effects in agrocenoses. The rhizosphere of each plant is a dynamic116
system, and soil microorganisms are known to be an important factor of soil fertility (Bab’eva117
and et al., 1989, Kasumova, 1985; Orudzheva, 2008; 2012). The plant nutrition with mineral118
substances and the crop productivity depend on microorganisms. In this context, a119
comprehensive study of the soil fertility with due account for the agrochemical and biological120
soil characteristics is of special interest.121

122
3.1 Dynamics of microorganisms quantity in irrigative grey-brown soils123

124
We studied the dynamics of the population density of the microorganisms in the soils under crop125
rotation systems and under continuous vegetable crops. The results of this study demonstrated126
that the population densities of the soil microorganisms in the rotation systems are highly127
variable. In the irrigated gray-brown soils, the population densities of bacteria varied from 1.1 to128
1.5×106; spore-forming bacteria, from 0.1 to 0.2 × 106; actinomycetes, from 2.6 to 4.0 × 105; and129
microscopic fungi, from 2.2 to 3.1 × 103 CFU/g of dry soil in the spring–fall periods during the130
first year of rotation (alfalfa + barley) (Table 1). The population density of the bacteria gained its131
maximum (1.7 to 2.2 × 106 CFU/g of dry soil) under the alfalfa of the second year, whereas the132
population density of the sporeforming bacteria was minimal. Plant roots improve the chemical133
and physical conditions in the soil and favor a significant increase in the population density of134
the soil microflora in the root zone.135
The population densities of the bacteria ranged from 1.2 to 1.9 × 106; those of actinomycetes,136
from 4.6 to 6.0 × 105; and those of microscopic fungi, from 1.5 to 3.1 × 103 CFU/g of dry soil137
under the watermelons (rotation I) in the plow horizon and below it during the growing season.138
The population density of the microorganisms remained relatively high under the watermelons,139
and this can be explained by the influence of the alfalfa as a precursor. Actinomycetes140
constituted the maximal part of the microorganisms in the summer. The number of141
microorganisms in the soil of scheme II under the watermelons was 41% lower than in the soil of142
crop rotation I. The average number of microorganisms in the case of the continuous growing of143
watermelons comprised in the plow horizon 1.2 × 106, and this was 60% lower than that in the144
soil of crop rotation I.145

146
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Table 1. Average biogeneity of irrigated grey-brown soils of dry subtropics147
Field no., crop Depth,

cm
Total number of microorganisms

thousand CFU/g dry soil % of the total number

spring sum-
mer

au-
tumn

average
bacteria spore-

forming
bacteria

actino-
mycetes

micro
scopic
fungi

1 2 3 4 5 6 7 8 9 10
I Scheme - The six-field vegetable-fodder crop rotation148

I 0-25 2411 1947 2054 2137 73.2 07.4 19.3 0.2
Annual lucerne+ 25-50 1672 1266 1456 1465 73.7 08.2 17.9 0.1
barley 0-50 2042 1607 1755 1801 73.5 07.6 18.7 0.1

II 0-25 3633 3016 3317 3322 73.3 6.1 20.4 0.1
Lucerne of the 25-50 2461 2143 2295 2300 69.4 8.3 22.2 0.1

second year 0-50 3047 2580 2806 2811 71.7 7.0 21.1 0.1

III 0-25 3499 2323 2962 2928 73.5 7.9 18.5 0.1
Watermelon 25-50 1595 1364 1508 1489 63.4 9.6 26.8 0.1

0-50 2547 1843 2235 2208 70.1 8.5 21.3 0.1

IV 0-25 1576 1375 1506 1486 66.2 9.7 24.0 0.2
Potato 25-50 1254 1007 1195 1152 67.0 10.0 22.9 0.1

0-50 1416 1191 1351 1319 66.5 9.8 23.5 0.1

V 0-25 1259 1185 1180 1208 65.2 9.5 25.2 0.1
Garlic 25-50 1094 948 996 1013 67.6 10.6 21.7 0.1

0-50 1177 1067 1088 1111 66.3 10.0 23.6 0.1

VI 0-25 2086 1798 1985 1956 67.0 10.2 22.7 0.1
White head 25-50 1237 1109 1176 1174 68.3 11.7 19.9 0.1

cabbage+ tomato 0-50 1662 1454 1581 1566 67.5 10.8 21.6 0.1
II scheme - The five-field vegetable-bean crop rotation149

I 0-25 1516 1325 1447 1429 65.5 10.3 24.1 0.10
Potato 25-50 862 794 826 827 66.0 11.8 22.1 0.10

0-50 1189 1059 1137 1128 65.7 10.8 23.4 0.10

II 0-25 2590 1922 2286 2266 70.4 5.8 23.6 0.20
Vegetable 25-50 1555 1370 1542 1489 68.3 7.8 23.7 0.20

bean 0-50 2133 1746 1914 1931 68.7 6.4 24.7 0.20

III 0-25 1846 1288 1711 1615 68.2 9.0 22.6 0.10
Watermelon 25-50 1109 873 1021 1001 64.9 10.1 24.9 0.10

0-50 1478 1081 1366 1308 67.0 9.4 23.5 0.12

IV 0-25 1764 1402 1445 1537 67.6 8.9 23.4 0.14
Potato 25-50 1096 881 923 967 64.2 12.0 23.7 0.11

0-50 1430 1142 1185 1252 66.2 10.1 23.5 0.13

V 0-25 2607 1897 2294 2266 67.9 5.8 26.1 0.16
Vegetable 25-50 1691 1469 1569 1576 67.8 7.5 24.6 0.14

bean 0-50 2149 1683 1932 1921 67.9 6.5 25.5 0.15
150

Monoculture151
Tomato 0-25 1331 1063 1126 1173 63.5 7.7 28.6 0.13

25-50 829 423 510 587 64.3 12.0 23.6 0.20

0-50 1080 743 818 880 63.8 9.1 27.0 0.16
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Watermelon 0-25 1417 990 1180 1196 68.4 9.0 22.5 0.11
25-50 777 375 551 568 65.5 11.4 23.0 0.18

0-50 1097 682 865 881 67.5 9.8 22.7 0.14

Potato 0-25 1357 1063 1235 1218 69.0 6.7 24.2 0.10
25-50 823 475 576 625 60.0 11.3 28.5 0.10

0-50 1090 769 906 922 66.0 8.3 25.7 0.10

Garlic 0-25 853 627 798 759 64.7 8.2 26.9 0.10
25-50 518 345 478 447 64.2 11.6 24.0 0.10

0-50 686 486 638 603 64.6 9.4 25.9 0.10

Whitehead 0-25 1488 996 1517 1334 61.5 15.2 23.1 0.20
cabbage 25-50 1008 687 828 841 64.0 10.9 25.1 0.20

0-50 1248 842 1173 1088 62.4 13.5 23.9 0.20

Vegetable 0-25 1902 1381 1563 1615 70.0 6.8 23.1 0.10
bean 25-50 1449 1113 1168 1243 73.8 6.4 19.7 0.10

0-50 1675 1248 1366 1430 71.6 6.6 21.7 0.10
152
153

The number of microorganisms in the layer of 0-50 cm ranged from 0.8 to 1.5 × 106 CFU/g of154
soil in the soil of crop rotation II under potatoes in the spring– autumn periods, and this was 14%155
less in comparison with crop rotation I. The activity of the microflora in the plow and the156
underplow horizons (in the layer of 0-50 cm) ranged from 0.5 to 1.4 × 106 CFU/g of soil in the157
case of the continuous growing of potatoes. It is Mishustin’s opinion (1988] that the maximum158
biological activity and the maximum biogeneity are typical of the upper layers of the soil profile.159
The total number of microorganisms ranged from 1.2 to 1.3 × 106 CFU/g of soil in the plow160
horizon under the garlic and was 16% greater than in the underplow horizon. Bacteria comprised161
65.2% and actinomycetes comprised 25.2% of the microorganisms. The number of162
microorganisms was smaller in comparison with crop rotation, and they were dominated by163
actinomycetes in the case of the continuous growing of garlic.164
In the variant with white cabbage + tomatoes, the number of microorganisms in the layer of 0-25165
cm was 2.1 × 106 CFU/g of soil in the spring, it decreased by 14% in the summer, and it166
increased by 9.4% in the autumn. The number of microorganisms was (1.4–1.8) × 106 in the167
layer of 0–25 cm and (0.9–1.1) × 106 CFU/g of soil in crop rotation II under tomatoes during the168
growing period. The population density of the microorganisms was (1.1–1.3) × 106 in the plow169
horizon and (0.4–0.8) . 106 CFU/g of soil in the subplow horizon during the grow ing period in170
the case of the continuous growing of tomatoes, and (1.0–1.5) × 106 and (0.7–1.0) × 106 CFU/g171
of soil, respectively, in the case of the continuous growing of white cabbage. Under kidney172
beans, the number of microorganisms in the layer of 0–50 cm ranged from 1.4 to 2.6 × 106173
CFU/g of soil in the crop rotation and from 1.1 to 1.9 × 106 CFU/g of soil in the monoculture.174

175
3.2 Dynamics of microorganisms quantity in irrigative grey-meadow soils176

177
Many authors have studied the number of microorganisms in irrigated meadow-serozemic soils178
under different crops (Abduyev, 1987; Agabekova, 1984; Babayev and et al., 2009). In the179
irrigated meadow-serozemic soils, the total number of microorganisms under the alfalfa of the180
first year comprised in the layer of 0–50 cm (1.6–2.0) × 106 bacteria, (0.3–0.4) × 106181
sporeforming bacteria, (4.1–5.5) × 105 actinomycetes, and (2.7–5.4) × 103 CFU/g of soil182
microscopic fungi (Table 2). The population density of the microorganisms under the alfalfa of183
the second year was 14% greater as compared with the alfalfa of the first year. The bacteria184
comprised 57.5–60.6%, the sporeforming bacteria comprised 16.0–17.1%, and the actinomycetes185
comprised 23.2–26.3% of the microorganisms.186
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Table 2. Average biogeneity of irrigated grey-meadow soils of dry subtropics187
Field no., crop Depth,

cm
Total number of microorganisms

thousand CFU/g dry soil % of the total number

spring sum-
mer

au-
tumn

average
bacteria spore-

forming
bacteria

actino-
mycetes

micros
copic
fungi

The four-field vegetable-fodder crop rotation188
I 0-25 2196 1872 2213 2094 58.7 16,2 24.8 0.2
Annual lucerne 25-50 1741 1411 1816 1656 57.5 16.0 26.3 0.2

0-50 1969 1642 2014 1875 58.2 16.1 25.5 0.2

II 0-25 2585 2304 2641 2510 58.6 17.1 24.1 0.2
Lucerne of the 25-50 1887 1697 2011 1865 60.6 16.0 23.2 0.2

second year 0-50 2236 2001 2326 2188 59.4 16.7 23.7 0.2

III 0-25 2490 2145 2416 2350 51.3 17.7 30.8 0.2
Cucumber 25-50 1840 1618 1773 1744 48.6 21.5 29.7 0.2

0-50 2165 1881 2094 2047 50.2 19.3 30.3 0.2

IV 0-25 2298 2247 2529 2358 50.7 20.2 28.9 0.2
Tomato 25-50 1776 1602 1619 1666 53.2 18.9 27.7 0.2

0-50 2037 1925 2074 2012 51.8 19.6 28.4 0.2
Monoculture189

Tomato 0-25 1207 1078 1260 1182 46.2 21.6 32.0 0.2
25-50 678 657 726 687 48.2 24.0 27.5 0.2

0-50 943 868 993 935 46.9 22.5 30.4 0.2

Cucumber 0-25 1048 974 1068 1030 48.0 20.8 31.1 0.2
25-50 661 589 659 636 46.5 25.6 27.7 0.2

0-50 855 782 864 834 47.4 22.7 29.8 0.2
190

Under the cucumbers, the population density of the microorganisms ranged from 2.1 to 2.5 × 106191
in the layer of 0–25 cm and from 1.6 to 1.8 × 106 CFU/g of soil in the layer of 25–50 cm. The192
bacteria comprised 50.2%, the sporeforming bacteria comprised 19.3%, the actinomycetes193
comprised 30.3%, and the microscopic fungi comprised 0.2% in the layer of 0–50 cm. The194
number of microorganisms was 59.3% lower under the monoculture of cucumbers than under the195
cucumbers grown in the crop rotation.196
The average number of microorganisms under the tomatoes was in the plow horizon 2.3 × 106197
CFU/g of soil; the share of bacteria was 50.7%, that of actinomycetes was 28.9%, and that of198
microscopic fungi was 0.2%. In the case of the continuous growing of tomatoes, the total number199
of microorganisms in the plow horizon was 1.2 × 106 CFU/g of soil. The bacteria comprised200
46.2%, the sporeforming bacteria comprised 21.6%, the actinomycetes comprised 32.0%,and the201
microscopic fungi comprised 0.2% of the microorganisms. The highest biogeneity in the crop202
rotation was determined under the cucumbers and tomatoes by the effect of the alfalfa as the203
preceding crop. Hence, the survival of the crops in the irrigated meadowserozemic soils under204
the conditions of salinization (chloride salinization, Na 10–12%) was accompanied by an205
increase of the share of bacteria and actinomycetes.206
The soils of the dry subtropics differed significantly in the population density of the studied207
microorganisms. The data on the population densities of the microorganisms in the irrigated208
gray-brown and meadow-serozemic soils demonstrate that the microorganisms are represented in209
the spring under the optimal temperature and moisture conditions mostly by ammonifying210
bacteria. The population density of the bacteria gradually decreased by the end of the summer211
and increased again by the autumn, but it did not reach the spring maximum. The maximum212
population densities of the microorganisms were observed under the alfalfa and kidney beans213
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and minimum  ones under the garlic. The shares of bacteria and actinomycetes were maximal214
and the share of microscopic fungi was minimal in the studied soils. The gray-brown soils were215
populated more densely with actinomycetes and the meadow-serozemic soils with bacillary216
forms of organisms  in comparison.  Actinomycetes, similar to the spore_forming bacteria,217
increase their life activity when organic substances in the soil become less available. This group218
of microorganisms exceed the group of sporeforming bacteria in their population density;219
actinomycetes reproduce well under neutral and alkaline reactions of the soil solution. The220
population density of the actinomycetes is determined not only by the soil conditions (the221
moisture and tem perature) and humus content but also by the biological features of the crops in222
the crop rotations (Dzhanaev and et al., 2007).223
Depending on the year’s conditions and the cultivated crop, the number of actinomycetes in the224
crop rotation ranged during the growing period from 1.2 × 105 to 2.3 × 105 CFU/g of dry soil in225
the gray-brown soil, from 3.4 × 105 to 4.7 × 105 CFU/g of dry soil in the meadow-serozemic226
soil. The population density of the actinomycetes in the studied soils gradually increased from227
the spring to the summer and decreased again in the autumn. The studied soils were228
characterized by the maximum population densities of the bacteria and actinomycetes and by a229
low number of microscopic fungi (Orudzheva, 2006; 2008; Babayev and et al., 2009). It is230
known that the agricultural use and especially the cultivation of soils results in a significant231
decrease of the microscopic fungi in them (Mukha and et al., 1983;  Polyanskii et al. 1990).232
Polyanskii et al. (1990) consider that the decrease of the number of microscopic fungi in arable233
soils is one of most serious disturbances of the composition of the soil biota after soil involving234
into agriculture. This group of microorganisms, despite its paucity (when determined with the235
inoculation method), is largely responsible for the soil fertility, participating in the destruction of236
plant and animal residues and in the formation of a waterstable soil structure (Bab’eva and et al.,237
1989). The number of microscopic fungi in the crop rotation averaged during the growing period238
(1.7–4.8) × 103 in the graybrown soil, (4.2–5.9) × 103 CFU/g of dry soil in the meadow-239
serozemic soils. As for the seasonal dynamics of the population density of the fungi, it was the240
maximal in the spring, it decreased gradually by the end of the summer, and it increased slightly241
by the end of the plant growth. The increase of the intensity of the anthropogenic impact in the242
arable soil was accompanied by the increase of the number of aminotrophic organisms, and this243
resulted in the intensification of the processes of the organic compounds’ mineralization244
(Pol’yakova and et al., 2007). The intensity of the mineralization processes can be judged by the245
coefficients of the mineralization and immobilization (Mishustin, 1972). The mineralization246
coefficient (SAA/MIA) determines the intensity of the mineralization (Pol’yakova and et al.,247
2007). The mineralization coefficient ranged in the gray-brown soils under the crops in the crop248
rotation from 0.26 to 0.38 and from 0.33 to 0.45 under the monoculture; in the249
meadowserozemic soils, it was 0.41–0.57 and 0.67–0.82 respectively.250
The ratio between the bacteria utilizing mineral and organic nitrogen comprised in the crop251
rotation 2.3 : 1 (1.5 : 1 in the leached chernozem), and this value suggests the high intensity of252
the mineralization processes resulting in a decrease of the humus content in the soil (Dzhanaev253
and et al., 2007). The number of bacteria utilizing the mineral forms of nitrogen was much254
greater in the meadowserozemic soil. A conclusion can be reached on the basis of the data on the255
microflora’s composition that the processes of the mineralization of the plant and animal256
residues are relatively intense in the studied soils. The mineralization coefficient was greater257
under the continuously cultivated crops than under the crop rotation.258

259
4. CONCLUSIONS260

261
The following conclusions can be reached on the basis of the data on the longterm study of the262
dynamics of the amount and composition of the microorganisms in the soils of the subtropical263
zone under vegetable and forage crops.264
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The number of bacteria in the irrigated meadow serozemic soils was smaller than in the gray-265
brown soils, and the number of actinomycetes was on the contrary higher in the gray-brown and266
meadow-serozemic soils.267
The meadowserozemic soils were characterized by the maximal intensity of the mineralization of268
the plant residues among the studied soils.269
The number of microorganisms was smaller and the mineralization coefficient greater under the270
monocultures than under the crop rotations.271
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