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Abstract—The content of microbial biomass (MB) was determined in samples of gray forest, chestnut, and
tundra soils with different physicochemical properties (0.4-22.7% C,,; 8.4-26.8% silt particles; pH 4.3-8.4)
by the methods of substrate-induced respiration (MBgr) and direct microscopy (MBy,). The samples of two
upper soil layers, 0-5 and 5-10 cm (without plant litter), from different ecosystems (forest, forest shelter belt,
meadow, fallow, and arable) and elements of relief of interfluvial tundra (block/upper land plateau, depression
between blocks) have been analyzed. The content of microbial biomass in the 0-5-cm soil layer was 2168134
and 348-7513 ng C/g soil as measured by the methods of substrate-induced respiration and direct microscopy,
respectively. The MBgr and MB,, values closely correlated with each other: r = 0.90 and 0.74 for 0-5 and 5-
10 cm, respectively. The average MBgr/MB) ratio was 90 and 60% for 0-5 and 5-10 cm, respectively. The
portion of microbial carbon in total organic soil carbon was, on average, 4 and 3% (SIR) and 5 and 7% (direct
microscopy) for 05 and 5-10 cm, respectively. Possible reasons for the differences between MBgr and MBy;

values in the soils under study are discussed.
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Microbial biomass is an important living and labile
soil component. Its reserves, activity, and structure are
key characteristics in ecological studies. Soil microbial
biomass is determined by direct microscopic and indi-
rect (biochemical, physiological) methods. The former
are used to determine the quantity and contents of
microorganisms (microscopy); the latter, to estimate
their activity, e.g., respiratory activity, after fumigation
or introduction of an additional substrate (substrate-
induced respiration, SIR). Researchers place high
emphasis on the results of assessment of soil microbial
biomass by these two groups of methods [1-4].

Some works have shown that the microbial biomass
values obtained by direct microscopy and SIR closely
and positively correlate with each other [4, 5]. It has
also been established that the fungi/bacteria ratios
determined by direct microscopy and selective inhibi-
tion of SIR are close on plant residues [6] and in soil
[4]. However, some researchers also mention the differ-
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ences between the values of soil microbial biomass
determined by “direct” and “indirect” methods. For
example, microbial biomass measured by the methods
of fumigation [7] or SIR [8, 9] was much greater than
the value obtained by direct microscopy. Other authors
note that microbial biomass values obtained by the
fumigation method, on the contrary, were less than
those obtained by direct microscopy [1, 2, 10]. In this
line of research, direct microscopy has been carried out
mainly with agar [1, 2, 8, 10] or membrane [9] films
and the cells were stained by dianiline blue [1, 2, 10],
fluorescein diacetate [7], or calcofluor white [9].

The method of fluorescence microscopy, which has
been used in the present work, makes it possible to
determine the length of mycelium of fungi and actino-
mycetes, the quantity of bacterial and fungal spores,
and to measure the diameter of mycelium and fungal
spores in the soil suspension on a glass mount stained
with calcofluor white (for eukaryotes) or acridine
orange (for prokaryotes) [12, 13]. Moreover, the
method of fluorescence microscopy has been used to
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Table 1. Characteristics of soils under study

357

. Ecosystem Soil texture (particles/mm), %
Soil Region (el t Veoetati Layer C. 9 H -

ot (site) Nt egetation (cm) org 7 | Plwater | Sand Clay Silt
of relief*) (1-0.05) [(0.05-0.001)| (<0.001)

Tundra Vorkuta | Dbb*, Shrub 0-5 22.65 5.75 N.d.** N.d. N.d.
gley (1) (Tal’nik) | Block Moss, low shrub 0-5 13.25 4.3 N.d. N.d. N.d.
Gray forest | Moscow | Forest Aspen, birch 0-5 242 5.95 18.80 70.80 10.40
2) (Pushchi- 5-10 1.31 5.5 12.68 74.12 13.20
no) Meadow  |Cereal-grass 0-5 176 | 6.6 3120 | 56.64 12.16

5-10 1.62 | 6385 13.60 75.20 11.20

Arable Wheat 0-5 0.96 5.85 8.40 78.00 13.60

5-10 092 | 6.05 17.60 65.04 17.36

Dark chest- | Volgograd | Forest shel- | Oak 0-5 1.55 6.45 65.20 25.20 9.60
nut (3) (Netkache- | ter belt 5-10 0.73 6.3 81.48 9.72 8.80
vo) Young fal- | Weeds 0-5 049 | 605 | 7640 | 1520 8.40

low 5-10 0.36 6.1 76.80 14.00 9.20

Fallow Mustard 0-5 1.03 6.3 75.60 13.20 11.20

5-10 096 | 6.4 76.80 12.00 11.20

Chestnut | Volgograd | Forest shel- | Elm 0-5 1.57 7.7 38.40 38.20 23.40
4) (Plemkhoz) | ter belt 5-10 1.49 8.4 39.60 38.20 22.20
Fallow Fescue, worm- 0-5 1.99 6.25 42.88 36.12 21.00

wood 5-10 L10 | 69 36.40 38.92 24.68

Arable Sunflower 0-5 0.96 8.2 38.40 34.80 26.80

5-10 0.92 8.4 43.20 30.00 26.80

* Dbb, depression between blocks.
*#* N.d., not determined

obtain extensive knowledge about the microbial pool of
soils of our country [13]. The method of substrate-
induced respiration (physiological method), assessing
the state of microbial biomass carbon in different soils,
is widely used by researchers of many foreign countries
[3-5, 8, 11].

The goal of the present work was to give compara-
tive estimation of soil microbial biomass (MB) values
measured by the methods of direct fluorescence
microscopy and substrate-induced respiration in:
(a) different types of soils and ecosystems and (b) two
upper soil layers (0-5 and 5-10 cm). The study was
also focused on establishment of the correlation
between MB values obtained by different methods as
well as between MB and physicochemical characteris-
tics of soil.

MATERIALS AND METHODS

Selection and preparation of soil samples. Sam-
ples of tundra, gray forest, and chestnut soils from dif-
ferent ecosystems were taken from the upper layers
(0-5 and 5-10 cm); the litter layer was not analyzed
(Table 1). A mixed soil sample (at natural moisture) of
each ecosystem was sieved through a sieve with cell
diameter 2 mm, placed into a polyethylene bag with a
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cotton stopper (for gas exchange), and stored in a
refrigerator before application in the experiments.

The content of organic soil carbon was determined
by dichromate digestion, pH was measured in water
suspensions (soil : water ratio = 1 : 2.5), and texture
composition was determined by weighing with sodium
pyrophosphate.

Preincubation of samples. Prior to the analysis,
soil samples (0.5 kg) were moistened up to 50-60% of
the water holding capacity and incubated at 22°C for
7 days in polyethylene bags with gas exchange.
Weighed soil samples for determination of substrate-
induced respiration and direct microscopy were taken
from preincubated samples. Measurements of soil
microbial biomass by the two methods were made
simultaneously.

Substrate-induced respiration (SIR) of soil was
assessed by the rate of initial maximal respiration of
microorganisms after soil enrichment with an addi-
tional carbon and energy source (glucose). Weighed
soil samples (1 g) were placed into a flask (15 ml); glu-
cose solution (0.1 ml; final concentration, 10 mg/g soil)
was added; and the flask was sealed hermetically. The
enriched soil sample was incubated (for three to five
hours at 22°C); then, an air sample was taken from the
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flask and analyzed in a gas chromatograph. The time of
the onset of the experiment and of gas sampling was
recorded. Preliminary experiments showed that the
introduction of 10 mg of glucose per 1 g of tested soils
provided the highest rate of SIR after 4 h of their incu-
bation. The SIR rate was expressed in ug CO,-C g™ dry
soil h™!. SIR was determined in five repeats.

Microbial biomass was calculated using the for-
mula: C,;. (ug C g! soil) = (ul CO, g! dry soil h™")
40.04 + 0.37 [11].

Direct microscopy. The total quantity of microor-
ganisms in soil was measured by the method of fluores-
cence microscopy. Soil suspension was prepared by
placing 1 g of soil (3 repeats for each soil sample) into
100 ml of water and dispersing by ultrasound (22 kHz,
0.44 A, 2 min). Then, the aliquots of 0.01 and 0.02 ml
were taken from the suspension for counting prokary-
otic and eukaryotic cells, respectively (4 repeats for
each group of microorganisms) and spread by a loop
over the area of 4 cm? of glass microscope slides. The
specimens were then air-dried and fixed (2-3 s) in the
flame of a burner. The preparations were stained with
acridine orange solution (1 : 10000, 2-3 min) for count-
ing the bacteria and mycelium of actinomycetes and
with calcofluor white (15 min) for counting the spores
and mycelium of fungi.

The quantity of cells (mycelium) in 1 g of soil was
determined using the formula N = S,an/VS$,C, where N
is the number of cells (length of mycelium, um) in 1 g
of soil; S, is the area of specimen, um?; a is the cell
number (length of mycelium, (im) in one field of vision
(average of 4 specimens); n is dilution of soil suspen-
sion, ml; V is the volume of a drop placed onto glass,
ml; S, is the area of the field of vision of the microscope,
um?; and C is the weight of the dry soil sample, g.

At counting, 20 fields of vision of a specimen were
examined for bacteria and 50 fields of vision were
examined for the mycelium of actinomycetes and fungi
as well as fungal spores. The quantity of bacteria, fun-
gal spores, and the lengths of fungal/actinomycete
mycelium in 1 g of soil were recorded as the mean val-
ues obtained by examination of 12 microscope slides.

For the dry biomasses of a bacterial cell (0.1 wm?)
and 1 m of actinomycete mycelium (0.5 pm in diame-
ter), the values 2 x 107'* g and 3.9 x 1078 g, respectively,
were accepted. The diameter of fungal hyphae and
spores was determined using the microscope eyepiece
micrometer. The biomass was calculated with allow-
ance for the biovolume of a cylinder (L, length; r,
radius) for fungal mycelium and that of a sphere (A,
number of spores; r, radius) for a fungal spore using the
formulas: 0.628L r* x 10 g and 0.0836Ar° x 107! g,
respectively. Specific weight (density) of the fungal
mycelium and spores was taken to be equal to 1 g/cm?’.
For calculation of microbial biomass, the water and car-
bon contents in the cells of soil microorganisms were
taken as 80 and 50% [12, 13] and 85 and 45%, respec-
tively [8].

ANANYEVA et al.

Statistical data processing was performed using
the Statistica 6.0 software package (StatSoft Inc., Tulsa,
USA). Standard deviation (std. dev.) was calculated for
the mean values. For the total values of microbial bio-
mass (direct microscopy), std. dev. was calculated as an
error of functions of random values.

RESULTS

The tested soils had a wide range of organic matter
(0.4-22.6%) and silt (8.4-26.8%) content and pH val-
ues (4.3-8.4) (Table 1). The highest and the lowest
quantities of organic matter were revealed in the soil of
interfluvial tundra and in the dark chestnut soil of
young fallow, respectively. The highest and the lowest
values of microbial biomass determined by the SIR
method (MBgr) were revealed in the tundra soil of a
depression between blocks (8134 pug C g! soil) and in
the dark chestnut soil of young fallow (163 pug C g
soil), respectively (Fig. 1). In the depression between
blocks, the MBgr value was almost sixfold higher than
on the elevated element of relief (block). In the natural
ecosystems of gray forest (forest), dark chestnut (forest
shelter belt), and chestnut (fallow) soils, MBgg
(0—5 cm) was 3.9, 3.0, and 3.6 times higher than in the
arable analogs, respectively. The lower layer of the
tested soils (5—10 cm) had much lower MBg values as
compared with the upper one. In natural cenoses,
MBgr of the upper layer was higher than in the corre-
sponding lower layer: 1.4 (meadow) and 2.4 (forest)
times for gray forest soil; 1.7 (forest shelter belt) and
3.5 (young fallow) times for dark chestnut soil; 2.4 (for-
est shelter belt) and 2.8 (fallow) times for chestnut soil.
In the upper layer of arables, MBgz was only 1.6, 1.0,
and 1.6 times higher than in the lower layer for gray for-
est, dark chestnut, and chestnut soil, respectively.

The main characteristics of the components of soil
microbial biomass determined by direct microscopy are
listed in Table 2. The length of fungal mycelium in soils
of natural ecosystems was 260 (young fallow) to
4830 m/g soil (depression between blocks) in the 0—5-cm
layer. In tundra soil, a significant portion of fungal
mycelium belonged to basidiomycetes (51 and 24% of
the total mycelium length in the depression between
blocks and in the block, respectively), which are asso-
ciated with plant mycorrhiza. In the studied soils, the
diameter of hyphae was 5.1-5.3 um for basidiomycetes
and below 5 um (3.75-4.15 um) for buckleless fungi.
The contents of fungal spores varied in the range of
5-25 x 10° per gram, their diameter being more than
Sum (5.35-6.50 pum). Prokaryotic microorganisms
amounted to 1.4-13.9 x 10° cells/g and 131412 m/g of
soil for bacteria and actinomycetes, respectively. The
soils of natural ecosystems contained more fungal
mycelium than the corresponding arables.

Table 3 shows the values of dry microbial biomass
(MB,,) with allowance for 80% water content in cells.
The highest and lowest MBy; values (dry matter) were
revealed in tundra soil (15027 pg/g) and in dark chest-
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Fig. 1. Microbial biomass of tundra, gray forest, dark chestnut, and chestnut soils of different ecosystems measured by the method
of substrate-induced respiration. /, 0-5 cm; 2, 5-10 cm. Dbb, depression between blocks.

nut soil (697 ng/g), respectively. The biomass of fungal
spores was 3.2 to 26.5% of MBy; its highest portion
(20-26% MB),) was found in the dark chestnut soil of
young fallow and arables. In arable soils, the fungal
spore biomass made up a larger portion of total biomass
(10-26% MB,,) as compared with the soils of natural
cenoses (3.2-12.1% MB,,). Fungal mycelium consti-
tuted a significant part of MBy; (73-96% and 69-94%
in the 0-5 and 5-10 cm layers, respectively). In the ara-
ble gray forest, dark chestnut, and chestnut soils (0-5
cm), the fungal mycelium biomass was 7.5, 4.0, and 2.6
times less than in the forest and forest shelter belts,
respectively.

Microbial biomass determined by direct microscopy
was calculated on the basis of different content of water
(80 and 85%) and carbon (45 and 50%) in the cells
(Table 3). At the higher content of water (85%) and
lower content of carbon (45%), the obtained values of
microbial biomass were lower (by ~30% as compared
with respective water and carbon contents of 80 and
50%). The MB,, carbon content was also calculated
without taking the contribution of fungal spores into
consideration. The values of microbial biomass carbon
obtained by the methods of SIR (C,,;.-MBgz) and direct
microscopy (C,.-MBy,) are compared in Table 4. The
ratio of C,;.-MBgr/C..i.-MBy; in the tested soils was
36-108% and 14-57% in the 0-5 and 5-10 cm layers,
respectively (80% H,O and 50% C). Calculation of
microbial biomass assuming higher water (85%) and
lower carbon (45%) content resulted in the C,;.-
MBgR/C,i.-MBy; ratios increase to 53-160% and
21-85% for 0-5 and 5-10 cm, respectively. The MBgz
and MBy; values were closer when the values of 85%
H,O and 45% C in the cells were used for calculation
(on average, MBgr/MB,; = 88% for 0-5 cm).

2008
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It should be noted that microbial biomass deter-
mined by the SIR method obviously does not include
the contribution of fungal spores. The biomass of
spores in tested soils exceeded the biomass of prokary-
otic microorganisms (Table 3). The C,;.-MB,, value
without fungal spores was calculated (Table 4). The
portion of C;--MBgr in C,;.-MB,, (without spores)
significantly increased: to 39-112% and 15-72% for
0-5 and 5-10 cm, respectively (C,,. was calculated
assuming 80% water and 50% C content). As a result of
calculation of C,;.-MB,, with higher content of water
and lower content of carbon, the MBgr/MB,, ratio
increased to 58-166% and 23-106% in the 0-5 and
5—10 cm layers, respectively. On average, the biomass
carbon values measured by the method of SIR were 88
and 58% of the value determined by direct microscopy
(85%H,0, 45% C, without spores).

The ratio of the carbon content of microbial biomass
measured by the two methods to the total soil organic
carbon was calculated. The highest content of micro-
bial carbon (the SIR method) in C,,, was revealed in
gray forest soil: 4.8-7.5% for 0-5 cm (Table 4). The
lowest portion of C,,;. in C,, (1%) was in the tundra soil
of the block. In arable soﬂs microbial carbon was
shown to constitute a lesser portion of the total organic
carbon as compared with natural analogs. In the upper
soil layer, the content of C,;,.-MBgr was generally
1.3-2.6 times higher than in the lower layer.

The fraction of microbial carbon in total organic
carbon, according to the results of direct microscopy,
was as a whole greater than the value determined by
SIR (Table 4). The value of C,;.-MBy/C,, in tested
soils (0-5 cm) was 1.9-13.7% with spores and a little
less (1.7-12.9%) without spores. In the 5-10 cm layer,
the C.,.- MBM/COr ratio was on average 2.0-2.2%
higher than in the 0-5 cm layer. In arable soils, this
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Table 2. The length of mycelium of fungi and actinomycetes, the quantity of bacteria and fungal spores, and the mean diam-

eter of hyphae and fungal spores in soils

Length of mycelium of fungi and actinomycetes, numbers of bacteria and fungal spores
(average in 1 g of soil £SD¥*)
. Ecosystem Layer -
Soil (elfglliirfl'; of (cm) Fungal mycelium Fungal spores Bacteria Actino-
Length (nig) | Dameer | gy | Dlameter | (10%) | "G
! bbb 0-5 2368 188 340 16.8+1.8 6.50 93+13 184 £26
2462 240 (Bm**) 5.10 ’ - -

Block/upper 1777+ 123 3.80
land (bul) 0-5 573 + 47 (B 530 19.0£1.2 6.0 13.9+0.69| 412%45
2 Forest (fr) 0-5 4228 £ 670 370 252+34 505 7.85+£043| 248+£19
5-10 4330 £ 460 225+£2.7 4251045 194£25
Meadow(md)| 0-5 1318 £ 121 6.48 £0.96 7.50+£0.34| 351£30
5-10 1189 £93 4.10 5.28 £0.96 585 360041 | 168+33
Arable (al) 0-5 537+85 3.0 8210.8 570 345+£0.18| 236+50
5-10 670 £ 65 9.7t14 4.60£0.33| 291+32
3 Forest shel- | 0-5 1199 + 168 150+£1.8 2.60£0.26| 212£25
terbelt (fsb) | 5 19 | ssg+162 Y5 T ogsi2 | 3P hoo+o30] 16427
Youngfallow| 0-5 260 £ 32 11.6£1.0 1.40£0.45| 304 £27
D) 5-10 189 +23 05 01+16 | > |170£0.14| 34737
Arable (al) 0-5 316 £ 10 1.0 11.9£1.0 540 1.80£0.16| 191 %23
5-10 237+ 65 126 £1.6 1.50£0.19| 170£26
4 Forest shel- | 0-5 1191 £ 119 13.0£1.3 4.00+0.30| 247+20
terbelt (i) |5 10 | 1213+ 127 Y osxie | %Y heozoto| 197+18
Fallow (f) 0-5 603 £ 69 415 94 £0.9 545 2.10£0.10| 239+18
5-10 399 + 60 92107 2.10£0.20| 131£18
Arable (al) 0-5 497 + 49 375 83109 5 65 2.70+£0.20| 197+£18
5-10 290+ 79 67.1£0.7 2.00+£0.10| 160£22

Note: See designations in Table 1.
* SD, standard deviation.

** Bm, basidiomycetes.

value was 2.7, 2.8, and 1.7 times less than in the natural
analogs under wood vegetation of gray forest, dark-
chestnut, and chestnut soils (0-5 cm), respectively.

Figure 2 shows the regression dependence between
MB values determined by the SIR method and direct
microscopy. The coefficient of determination between
the series of these values is higher for the upper soil
layer (R? = 0.88) than for the lower layer (R> = 0.67).
Coefficients of correlation (r) between microbial biom-
ass and physicochemical properties of soil (C,,, pH,
silt content) are presented in Table 5. The closest corre-
lation was revealed between the contents of MBgz and
Cor, (r =0.90 and 0.74 for 0-5 and 5-10 cm, respec-
tively) and between MBgz and MB,,/without spores
(r=10.90 for 0-5 cm); however, in the lower layer this

correlation was not so pronounced (r = 0.78). The cor-
relation between MB,,; (with and without spores) and
C,.. was close as well, but the r value was less than for
Mﬁsm and C,,. Correlation was also established
between MBgr, MBy;, and the content of silt particles
(r = 0.70) only for the upper layer of tested soils. The
pH values had a weak negative correlation with micro-
bial biomass values.

DISCUSSION

Direct microscopy is a unique method for determi-
nation of the total microbial pool in soil. Moreover, it
allows clear differentiation of prokaryotes and eukary-
otes as well as their components (mycelium and

MICROBIOLOGY  Vol. 77

No. 3 2008



COMPARATIVE ASSESSMENT OF SOIL MICROBIAL BIOMASS

361

Table 3. Microbial biomass (MB) of the groups of microorganisms and the content of MB carbon at different values of water

and carbon content in the cells (direct microscopy)

MB carbon, ug C/g soil
Eco- Dry microbial biomass (80% H,0), ug/g soil (average + SD*)
Soil*| sys- Layer 80% H,0, 50% C| 85% H,0, 45% C
tem* (cm) Fungal Fungal Bacteria Actino- Total Spores | Spores | Spores | Spores
mycelium spores mycetes included|excluded | included |excluded
! Dbb | 0-5 4298 % 250 482+50 | 18630 71 (150271966 | 7513 7272 5072 4909
10054 £ 930
Bul | 0-5 40292850 42960 | 27860 | 162 7279 £ 1080 | 3639 3425 2457 2312
2527 £ 620

2 Fr 0-5 | 9087+1200| 555+60 | 157+ 8 10+ 9809 + 1202 | 4904 4627 3310 3123

5-10] 93071160 495+74 | 85%9 8t 1 9894 £ 1162 | 4947 4700 3339 3172

Md 0-5 | 3478 £300 | 13620 | 150+7 |14+11 3778 £302 | 1889 1821 1275 1229

5-10] 3138 +260 | 110+18 | 72£8 7x1 3327 +262 | 1663 1608 1123 1086

Al 0-5 | 1282+£230 | 159£15 69+4 9+2 1519 £212 760 680 513 459

5-10] 1600£210 | 188+£29 | 92+6 111 1891 £ 232 946 852 638 575

3 Fsb 0-5 | 3088+470| 240+30 | 525 8+1 3388 +472 | 1694 1574 1143 1062

5-10| 14371400 | 173+30 | 40+6 6x1 1656 =402 828 742 559 501

- 0-5 670+ 80 | 207t 15 28+9 12+1 917 + 82 458 355 309 239

5-10] 487+60 | 1633 34+3 14+1 697 = 60 348 267 235 180

Al 0-5 716 £200 | 19616 | 36%3 7x1 956 £ 202 478 380 323 256

5-10f 537+150| 207+26 | 30%4 7+1 781 £152 391 287 264 194

4 Fsb 0-5 | 3220+330| 293 +38 80t 6 101 3603 +£332 | 1802 1655 1216 1117

5-10 3280+£320 | 244+£40 | 52%2 8t 1 3583 +£322 | 1792 1670 1209 1127

F 0-5 | 1630+£160 | 159+15 | 4242 9+1 1840 £ 132 920 841 621 567

5-10] 1079+130| 156+12 | 42+t4 51 1281 £ 162 641 563 433 380

Al 0-5 | 1097120 | 15616 | 54*4 8t 1 1315+ 122 658 579 444 391

5-10 640+210| 134+18 | 40%2 6+1 820+ 212 410 343 277 232

* See designations in Tables 1 and 2.

spores). Substrate-induced respiration registers the
response of microorganisms after soil enrichment with
glucose. The rate of SIR multiplied by an experimen-
tally established value (40.04) is converted into total
microbial biomass expressed in the units of microbial
carbon [11].

In the studied soils, MBgz values were as a whole
less than the values obtained by direct microscopy, and
the differences between them were smallest when val-
ues of 85% water and 45% carbon content in the cells
were assumed (Table 4). The MBgy fraction of MBy; was
on average almost 90 and 60% in the 0-5 and 5-10 cm
layers, respectively. In other words, MB values mea-
sured by the methods of direct microscopy and SIR
were closer in the upper layer of soils with contrasting
physicochemical properties than in their lower layer.
One of the reasons for this fact may be associated with
different metabolic states of fungi in the tested soil lay-
ers (substrates). It was shown, for example, that the
inhibition of fungal respiration by cycloheximide was
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No. 3 2008

only 12% of the total SIR in the forest soil containing
313 £ 140 m of fungal mycelium/g soil [14]. Besides
this, high correlation was shown between selective
inhibition of SIR by cycloheximide and the content of
active fungal biomass revealed by fluorescein diacetate
dye [8]. It was also shown that about 60% of fungal bio-
mass in the soil of prairies had empty hyphae [15].

Some researchers point out that the method of direct
microscopy tends to overestimate, first of all, the con-
tent of fungi in soil. A significant error in cell counting
(up to 100%) may be introduced also by the subjectivity
of an observer [8, 16] and selection of dye. Calcofluor,
for example, stains fungal mycelium independently of
its metabolic state [15]. There is information that only
about a half of the total microbial biomass in soil is in
an active state [7, 17]. Besides, it has been shown that
the MB value measured by direct microscopy (brown
fungal hyphae not stained with aniline blue were taken
into account) is approximately twice as high as the
value obtained by the fumigation—incubation method [10].
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Table 4. The ratio of microbial biomass carbon (C,,;.) determined by the methods of substrate-induced respiration (MBggr)
and microscopy (MByy) and the content of microbial carbon (Cyc, in % of C,) in studied soils

Ratio, % (calculation®*) Chnic/Corg> %
Soit (Foon| e B e M o M G ™| SR EsI0.45% O
(with spores/without spores)
0-5cm | 5-10cm | 0-5cm | 5-10cm | 0-5cm | 5-10cm 0-5cm 5-10 cm
1 Dbb 108 (160)| N.d. 112 (166)| N.d. 3.6 N.d. 2.2/2.2 N.d.
Bul 37 (54) N.d. 39 (58) N.d. 1.0 N.d. 1.9/1.7 N.d.
2 |Fr 37 (55) 16 (23) 39 (58) 16 (24) 7.5 5.9 13.7/12.9 25.5/24.2
Md 58 (87) 46 (68) 61 (90) 47 (70) 6.3 4.7 7.2/7.0 6.9/6.7
Al 61 (91) 30 (44) 68 (101) | 33 (49) 4.8 3.1 5.3/4.8 6.9/6.2
3 Fsb 38 (56) 22 (33) 41 (61) 25 (37) 4.2 2.5 7.4/6.9 7.7/6.9
Yf 36 (53) 27 (40) 46 (68) 36 (53) 33 2.6 6.3/4.9 6.5/5.0
Al 45 (67) 53 (78) 57 (84) | 72 (106) 2.1 2.1 3.1/2.5 2.7/2.0
4 Fsb 39 (58) 14 (21) 43 (63) 15 (23) 4.5 1.7 7.7/7.1 8.1/7.6
F 96 (142) | 57(85) | 105(155)| 65(97) 4.4 33 3.1/2.9 3.9/3.5
Al 38(56) 37 (55) 43 (63) 44 (66) 2.6 1.7 4.6/4.1 3.012.5
Average 54 (80) 34 (50) 60 (88) 39 (58) 4.0 3.1 5.7/5.2 7.9/7.2

* See Table 1.

** Dry biomass carbon was calculated assuming 80% H,0, 50% C (85% H,O0, 45% C).

MB,, in the tested soils has been calculated with
allowance for different contents of water (80 and 85%)
and carbon (45 and 50%) in microbial cells. In many
works by Russian researchers, soil microbial biomass

MBgg = 1.03MBy — 0.19 (0-5 cm)
R2=0.88

MBgg = 0.60MBy; + 0.80 (5-10 cm)
. R*=0.67 .

2 3 4
Microbial biomass (microscopy), ng C/g soil (log)

Jj‘
P

Microbial biomass (SIR), ug C/g soil (log)

Fig. 2. Linear regression between microbial biomass (MB)
values obtained by the methods of direct microscopy (MBy;
without spores, 85% water and 45% C) and substrate-
induced respiration (MBgg) in tundra, gray forest, dark
chestnut, and chestnut soils of natural and arable ecosys-
tems: /, 0-5 cm; 2, 5-10 cm.

(direct counting in a fluorescence microscope) is calcu-
lated at a rate of 80% water and 50% carbon content
[12]. In tundra soil (depression between blocks), the
MBg; value was even higher than the value determined
by direct microscopy (Table 4). It may be due to the
high content of organic matter and fungal mycelium in
this soil as compared with others, which seems to be the
reason of MB underestimation by direct microscopy.
Previously it has been shown that high dilutions of soil
suspension should be used for direct counting of fungal
mycelium in soils rich in organic matter [8] or rhizo-
sphere soil [18]. On the other hand, the temperature of
incubation and SIR measurement for tundra soil was
higher than in natural conditions, which could also
favor an increase of the SIR rate and, as a consequence,
of the MBgr value. Moreover, basal respiration of the
studied soils measured in pre-incubated samples
(7 days, 22°C) was the highest for tundra soil (data not
shown).

MBgr values diagnosed the tested soil layers more
clearly; the upper 5-cm layer contained more microbial
biomass than the corresponding lower layer. This con-
forms to the observations of other authors [3, 19]. It
should also be noted that the difference in microbial
biomass values for the tested layers revealed by direct
microscopy was not so distinct.
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Table 5. Coefficient of correlation (r) between microbial
biomass (MB) values determined by the methods of SIR
(MBg;r) and microscopy (MBy,, 85% water and 45% C) and
physicochemical properties of soils (coefficients given in
italics are significant at p < 0.05; n =11 and 9 for the layers
of 0-5 and 5-10 cm, respectively

Corg pH Silt | MBgr | MBy; | MBy*

0-5cm

MBgr | 0.90 | -0.27 | 0.70 - 0.89 | 0.90

MBy; 085 | 041 | 070 | 0.89 - 1.00

MBy* | 0.85 | =040 | 0.70 | 0.90 | 1.00 -
5-10 cm

MBgr | 0.74 | -0.30 | -0.16 - 0.77 | 0.78

MBy; 0.53 | =033 | -0.13 | 0.77 - 1.00

MBy* | 054 | =032 | -0.13 | 0.78 | 1.00 -

* Without taking into account the fungal spore biomass.

In the studied soils, the fraction of microbial biom-
ass carbon in total organic carbon was, on average, 4
and 3% (SIR) for 0-5 and 5-10 cm, respectively, and
about twice as high according to direct microscopy
(85% H,0, 45% C, without spores) (Table 4). This may
be due to the fact that calcofluor stains both metaboli-
cally active and inactive fungal hyphae [15].

For the studied soils, close correlation has been
found between microbial biomass values determined
by the methods of SIR and direct microscopy. Other
researchers also note a reliable correlation between MB
values determined by the methods of fumigation—incu-
bation [1] or SIR [4-6] and direct microscopy. How-
ever, there is also information about the absence of such
correlation [7, 20].

Thus, microbial biomass values for different soils
measured by the methods of direct fluorescence
microscopy and SIR were as a whole close for the
upper layer (0-5 cm) of tested soils. In the lower soil
layer (5-10 cm), the differences between the measured
values were probably determined by different activity,
first of all, of fungal mycelium.
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