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Abstract—Morphological parameters of the root system (the length of conducting roots and the number of
absorbing roots) and the rate of its mycorrhization have been studied in one-year Scots pine seedlings from
burned-out areas of cowberry—herb—green moss pine forest in the northern forest—steppe subzone of West-
ern Siberia. The results show that the length of conducting roots in such seedlings increases, whereas the rate
and density of mycorrhiza formation in absorbing roots decrease, compared to those in plants from unburned
areas. The structure of underground organs in pine seedlings depends not only on fire intensity but also on

the type of substrate in the burned-out area.
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Recurrent fires in forests dominated by Scots pine
(Pinus sylvestris L.) are a key factor accounting for the
structure of regeneration and the dynamics of cenop-
opulations throughout the species range (Melekhov,
1948; Korchagin, 1954; Sannikov, 1973). To date,
trends in pyrogenic transformation of environmental
factors and the patterns of natural regeneration and
postfire dynamics of pine forests in different types of
macro- and microbiotopes have been studied compre-
hensively. However, an important aspect of Scots pine
ecology related to the establishment of self-sown seed-
lings in burned-out areas, namely, relationships with
mycorrhizal fungi, have not been studied sufficiently
in quantitative terms.

As many other conifers, the Scots pine is a highly
mycotrophic plant (Lobanov, 1971; Shubin, 1988;
Read, 1998). In nature, root absorption of water and
mineral nutrients from the soil is accomplished by
Scots pine trees in symbiosis with mycorrhizal (mainly
ectomycorrhizal) fungi. Aperiodic fires as a powerful
factor transforming all environmental factors and
components of forest ecosystems must have an effect
on the development, structure, and functions of myc-
orrhizal symbioses. Today, however, only changes in
the diversity of mycorrhizal fungi in burned-out areas
are relatively well studied (Torres and Honrubia, 1997,
Horton et al., 1998; Grogan et al., 2000; Tuininga and
Dighton, 2004; Smith et al., 2004, 2005; Bastias et al.,
2006). According to some authors, the rate of mycor-

rhiza formation in tree roots decreases after fires (de
Roman and de Miguel, 2005), while others consider
that it remains unchanged (Torres and Honrubia,
1997) or positively correlates with fire intensity (Herr
etal., 1994). Little is known about pyrogenic morpho-
logical responses of tree roots, except for the fact that
the mass of fine roots decreases after creeping fire
(Hart et al., 1994; Smith et al., 2004, 2005; Tuininga
and Dighton, 2004).

Our previous studies in a burned-out area of cow-
berry—bilberry—moss pine forest in the pre-forest—
steppe zone of Western Siberia showed that the density
of mycorrhizae on the roots of pine seedlings growing
on a charred litter was only half that in seedlings from
an unburned litter (Sannikov, 1965). Moreover, myc-
orrhizae in the roots located in the upper soil layer
(sterilized by fire) were absent during the first two
postfire months and then appeared only on the vertical
tap roots at depths more than 2.5 cm from the soil sur-
face, spreading to the shallow lateral roots only by
autumn.

On the whole, available data on specific features of
postfire structure, functions, and significance of myc-
orrhizal fungi and their relationships with plants in
burned-out areas are obviously insufficient and con-
tradictory. The purpose of this study was to analyze
and compare specific features of root system morphol-
ogy and mycorrhiza formation in Scots pine seedlings
emerged in the course of natural regeneration of cen-
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Table 1. Parameters of plots

VESELKIN et al.

Group of plots
burned-out
Parameter unburned creeping fire, free fire
burned open burned burned
stand* dead stand clearcut
I [-1v V, VI VII-IX X, X1

Proportion of burned trees, % 0 0 40-50 100 100%*
Stocking density 0.6—0.7 0.6—0.7 0.3-0.4 0 0
Soil damage*** Undamaged | Damaged Undamaged | Undamaged | Damaged
Coverage, %:

herb—dwarf shrub layer 0-5 0 20—-30 30-50 0—10

moss—lichen layer 60—90 0 0 0 0
Illumination level relative to that in open, %* 30 30 50 90 100
Litter depth, cm 3.6 0 1.8—1.9 1.0—-1.6 0
PH,ater 4.98 4.98 5.57 5.72 6.27
Content, mg/100g soil:

movable P,O5 0.33 0.11 0.65 0.66 0.92

movable K,O 3.16 0.58 3.74 2.01 3.45

easily hydrolysable N 2.24 0.28 1.26 0.98 0.63
Soil mineral richness 5.48 1.00 5.62 4.32 5.52

Notes: * Types of burned-out areas and illumination levels are given according to Sannikov et al., 2004.

** Burned trees were cut in summer—autumn 2004.

*#*% Damage to soil involved mechanical removal of its surface horizons together with forest litter and herb—dwarf shrub and moss—lichen

layers.

opopulation in areas of bilberry—herb—green moss
pine forest affected by fire of different intensities.

OBJECTS AND METHODS

The material was collected in the Iletsko-Ikovskii
insular pine forest (Prosvetskii Forest Enterprise, Kur-
gan oblast, the Tobol region of Western Siberia;
55°36'N, 65°04'E), in the northern forest—steppe sub-
zone. More than 30000 ha of this forest was burned out
during the disastrous fire in May 2004. Self-sown pine
seedlings aged 11—12 months were collected in
95-year-old bilberry-herb-green moss pine forest on
June 3—7, 2005, one year after the fire. This forest type
prevails in the study region, occupying gentle slopes
and floodplain terraces with deep dryish (periodically
moistened), cohesive sandy sod-podzolic soils.
In each of 11 plots (Table 1), 30—40 seedlings were
collected from the forest litter or exposed mineral soil
layers (mineralized substrates) and fixed in 4% forma-
lin solution (total sample size 390 seedlings). Soil sam-
ples from the plots were averaged by groups (see Table 1)
and analyzed by conventional methods (Arinushkina,
1970) to determine pH,,,, movable P,O5 and K,O,
and easily hydrolysable nitrogen. To compare provi-
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sion of plants with main mineral nutrients in different
plots, we used an integrated index characterizing their
contents in the soil (mineral richness), which was cal-
culated as the excess of the total amount of movable
P,05 and K,O and easily hydrolysable nitrogen in
plots of a certain group over their minimum amount
recorded in the study area.

In the laboratory, each seedling was examined to
determine total weight (after drying at 105°C for 24 h)
and morphological parameters of underground
organs: (1) main root length, mm; (2) the number and
(3) length (mm) of lateral conducting roots; (4) the
length of all conducting roots, mm; (5) the total num-
ber of absorbing roots (both nonmycorrhizal roots and
mycorrhizae); (6) the number of mycorrhizae; and (7)
the number of mycorrhizal endings. These data were
used to calculate the following parameters: (8) the rate
of root system mycorrhization, or the percent ratio of
the number of mycorrhizae to the number of absorbing
roots; the density of (9) absorbing roots, (10) mycor-
rhizae, and (11) mycorrhizal endings, or the number
of corresponding structures per 100 mm of conducting
root length (Selivanov, 1981); and (12) the percentage
of mycorrhizal endings included in complex mycor-
rhizae (%).
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The term “nonmycorrhizal absorbing root” refers
here to a short root uninfected by ectomycorrhizal
fungi (i.e., not an extension root), and the term “myc-
orrhiza,” to the organ derived from an absorbing root
as a result of its colonization by an ectomycorrhizal
fungus. Mycorrhizae were divided into simple (with
only one ending) and branched (two or more endings).
Nonmycorrhizal roots and mycorrhizae were identi-
fied under a binocular microscope (x10—20) by the
presence or absence of surface hyphal structures and
specific shape, color, and branching pattern.

RESULTS AND DISCUSSION

Relatively high values of total weight are character-
istic of seedlings from charred or unburned mineral-
ized substrates: 50—66 mg, compared to 32—38 mg in
seedlings from the unburned or slightly charred forest
litter.

In plots affected by high-intensity fire (burned
dead stand and burned clearcut), the number of con-
ducting shoots per plant is 2.2—2.6 times greater, on
average, than in seedlings from the unburned litter
(Table 2). The number of absorbing roots is minimal in
seedlings from the unburned or slightly charred litter
and maximal in seedlings from unburned or burned
mineralized substrates. The average proportion of
absorbing roots transformed into mycorrhizae reaches
84—87% in unburned plots, being 1.5—2 smaller (43—
64%) in burned-out plots. It is noteworthy that 5—8%
of one-year seedlings in burned-out plots are mycor-
rhiza-free, but no such individuals have been recorded
in control plots. A characteristic feature of the root sys-
tem in seedlings from burned substrates is that their upper
absorbing roots located close to the surface are mainly
mycorrhiza-free. On average, the uppermost mycor-
rhizae in such plants occur at a depth of 18—26 mm,
compared to 12—16 mm in seedlings from control plots.

The average absolute number of mycorrhizae and
mycorrhizal endings proved to be minimal in seedlings
from the charred litter and maximal in seedlings from
unburned mineralized substrates. High densities of
absorbing roots and of mycorrhizae and mycorrhizal
endings on conducting roots are characteristic of seed-
lings from unburned plots, while these parameters in
seedlings from the charred litter are two to five times
lower. Thus, at least two independent parameters of
growing conditions—the type of substrate and expo-
sure to fire—have an effect on the parameters of root
system morphology and mycorrhization in Scots pine
seedlings.

The results obtained in a series of two-way ANOVA
(Table 3) show that the development of the conducting
root system is significantly dependent both on the
occurrence/absence of fire and on the type of substrate
in the plot: the number of conducting roots is consis-
tently greater in seedlings growing (1) in burned-out
plots and (2) on mineralized substrates. The absolute
numbers of absorbing organs (roots, mycorrhizae, and
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Positions of centroids for the samples of Pinus sylvestris
seedling from (I—IV) unburned and (V—XI) burned-out
plots in the plane of factors computed without regard to
ecological characteristics of the plots (see Table 4, method 2).
Vertical and horizontal bars indicate standard deviations.

mycorrhizal endings) differ depending only on the
type of substrate: they are significantly greater in seed-
lings from mineralized substrates. The rate of mycor-
rhization depends only on the occurrence/absence of
fire in the plot. An increased density of absorbing
organs is characteristic of seedlings from unburned
plots (compared to burned-out plots) and from miner-
alized substrates (compared to forest litter).

Factor analysis was performed with regard not only
to structural parameters of seedling underground
organs but also to ecological characteristics of plots
(Table 4, method 1). It can be seen that parameters of
root system morphology and mycorrhization form two
groups, with their variation within each group being
highly concordant. An analysis of factor loadings
showed that, in general, the degree of root system
mycorrhization and the total number of absorbing
organs in seedlings negatively correlate with postfire
changes in abiotic conditions, the correlation with
mineral nutrient supply (mineral richness) being the
strongest. The decrease in substrate acidity in burned-
out plots and postfire improvement of light conditions
have a favorable effect on the development of conduct-
ing roots.

Factor analysis without regard to environmental
conditions (Table 4, method 2) yielded similar values of
factor loading for structural characters of underground
organs. In the plane defined by the axes of two factors
(figure), seedlings from burned-out plots (V—XI) segre-
gated from seedlings from control plots (I—-IV) mainly
along the axis of the first factor, which may be defined
as “development of absorbing organs.” Within each of
these two groups, seedlings from the litter surface

2010



VESELKIN et al.

142

'S0°0 > J 1B 1591 S90S AQ IQJJIP 10U OP SAJIPUT UIEs 9} UT 19339 }d1rosradns JBIrs Yirm sanjea Mol duies ayj UTYIIAN "SIOIIS pIEpUe)s IIM SINJeA UL Se PAIuasard oIk BIB(T 4
*UOTJBWLIOJSUR) 1001-31enbs (Q)) 10 “UONBULIOJSURI] SUISOIE (77) ‘UONBULIOJSURI) DI
-yiresor (U) :WAONYV UI PUe 159} S,9JJoU0S AQ SOOUSIQIP JO 20ULIYTIUSIS SUTIB[NO[ED UT Pasn SI[QBIILA JO SUOT}BULIOJSULI) 9)BOIPUT Sasayjuared UT S19339] ‘€ 9[qRL Ul PUB A1 4 :SOION

(2) %

o F 1Y oV F 1Y oV T 1Y oS + ¢ oV PP e$ + €C @9 F 6€ et + S¢S oV T 1Y eV + 0§ oS +0S “oeZ[y1109Aw Xa[dwoo ut

sgurpua jo uonaodorq

() WBue[ J001 WU ()T

2q€ F V€ 2qf F €€ qe€ +9C qe€ F 61 qeC T €C e F €1 qe€ + 81 pV V9 poV + 9§ pE + 09 poS T €€ Iod 1oquinu ‘s3urpuo

[BZIYIIODAW JO AJISUQ(q

(O) yasu9y 1001

poqC F ¥C 2qC F VT quC F L1 qulC T V1 qeC + 91 eC + 01 eC + Cl poC T IV po€ F OV pCF 1Y pot F5€ ww 00 1od Joquinu

QBZIYIIOdAW JO AJISUQ(]

(O) yysua 001 WW Q1

2qC + 8€ 2qC F LE qeC + LT eC + £€C eC + £€C eC + 0C el +1C ot F LY o+ Y o F LY o+ 1Y JTod 1oquinu ‘s)oo1

Surgrosqe jo Aysuaq

eV F 19 o F 19 oV F 65 oV + 6§ eV €9 oS T £F @9 F €S ql L8 qt T¥8 ql +98 oV T V8 94 “a1e1 :oﬁmNEonmw/w

_ — _ _ _ —_ _ _ _ _ _ (u) sSurpua

opo0l F 08 | opoq€l + 8L | opoqe8 +C9 | oqe8 + CS pogel + CS @9 + 5S¢ qul + LE O F 9T | opobl F 10T | oplT FIIT | opoqe9 F €S [BZIYLI00AW JO JOqUInN

L+8S 8+ LS S+0v 9 + 0¥ S+9¢ S+ 6l S+ ¢ 0l + 98 8+ 89 L+ VL €+ e w1

oq oq oqe qe qe e € o °q o oqe QBZIYLIO0AW JO JOqUINN

_ _ _ _ _ _ _ _ _ _ _ (u) s1001

oL F 06 opo0 T T8 | opoq9 FC9 | opoqel F 09 | poqed F TS eS F V€ qe$ F 8¢ Sl F96 opoS F LL op8 F 18 oqe€ F OV SUIQIOSqE JO JOqUINN

— — _ — _ — _ _ _ _ _ (O) ww ‘sjoor Funonp

2qCT F 8VC | 5q61 F8TT | oqhl FSCT | oSTFEST | o5gST F 61T | quel FEST | oquPl F ILT | 5961 F 80T | 5qelT F €81 | 5qeST + 181 ol F L6 -109 Jo IS [BI0L.

_ _ _ _ _ _ _ _ _ _ _ (O) ww ‘s3001 SunONp

2q0C F 691 | oLl F 6%1 | oqPl F VL | SV FOLT | oq€1 F¥¥I qell +8L oqeCl F 86 | oqL1 FCET | 5qe8T F 11T | oqvl + LOT oS + ¢ -u0 [e1aye] Jo YISua]

‘"o R PR "= = 1 = b = e ‘= o = "o e s1001 Sunonp

pd0F 98 | poSOFO6L [poqe?’ 0O F 19| poqh’ 0 F 0L | poqeP O F I'9| qeS0OF VY | 0qeS0F €S | poq90F 89 | 5qe90 F V'S | poqeS0F 8S| V' 0FPVE -U00 [BIATE[ JO JOQUUIIN]

qV T 6L q9 + 08 qf T 6L oV T LL qV FSL € TSL € T €L qV T 9L qV + 1L v VL o + €9 wuwr “Yi8udy 1001 :MMN_W,W

IX X XI ITIA 1A IA A Al I II 1

9JeIISqNS pIzZIeIoulu NI 91eIISqNS PIZI[BIUTLL N1

JNOIBLI[O pauIng

pue}s peap pauinq

puejs uado pauing

pauinq

pauInqun

#xS10[d

sJoyowrereq

s101d JUQIQHIP WO STUI[PIIS SLYSIAAS Snulg U UOTIBZIYLIOdAW pUB 9In)onls [ed13o[oydiow wa)sAs J001 Jo s19joweled g qeL

2010

2

No.

RUSSIAN JOURNAL OF ECOLOGY Vol. 41



SPECIFIC FEATURES OF ROOT SYSTEM MORPHOLOGY

143

Table 3. Influence of fire exposure and substrate type on parameters of root system morphological structure and mycor-

rhization in Pinus sylvestris seedlings

Parameter value Significance of factor influence
Plots Substrate Py
Parameter -
burned- mine- Fire Fire
unburned litter - Substrate |exposure x
out ralized exposure
substrate

Main root length, mm (Q) 71 77 74 76 0.0005 0.0021 0.0230
Number of lateral conducting roots 5.3 6.5 5.4 6.9 0.0055 0.0035 0.9156
Length of lateral conducting roots, 96 137 112 134 0.0109 0.0312 0.1983
mm (Q)
Total length of conducting roots, 167 214 186 210 0.0093 0.0258 0.1775
mm (Q)
Number of absorbing roots (Ln) 74 60 47 86 0.7545 0.0033 0.9984
Number of mycorrhizae (Ln) 65 39 33 68 0.1053 0.0068 0.6934
Number of mycorrhizal endings (Ln) 100 55 47 101 0.0916 0.0120 0.7084
Mycorrhization rate, % (Z) 85 57 59 77 0.0000 0.6521 0.3689
Density of absorbing roots, number 45 27 26 43 0.0001 0.0004 0.0143
per 100 mm root length (Q)
Density of mycorrhizae, number per 39 17 18 34 0.0001 0.0036 0.0925
100 mm root length (Q)
Density of mycorrhizal endings, 58 24 25 49 0.0002 0.0143 0.1916
number per 100 mm root length (Q)
Proportion of endings in complex 49 38 39 46 0.0924 0.9566 0.8005
mycorrhizae, % (Z)

* In two-way ANOVA, parameter value in a plot (n = 11) was taken as an accounting unit; one factor was “exposure to fire,” or
the occurrence/absence of fire in the plot (df = 1); the other factor was “substrate” (forest litter or a mineralized substrate) (df = 1).

(plots I and V—VIII) segregated from seedlings grow-
ing on mineralized substrates mainly along the axis of
the second factor, “development of conducting roots.”

Thus, specific morphological features of root sys-
tems revealed in these seedlings appear to result from
two relatively independent processes: (1) growth of
conducting roots and (2) initiation of absorbing roots.
The active growth of conducting roots may be accom-
panied by initiation of absorbing roots with a high den-
sity (on unburned and burned mineralized substrates)
as well as with a low density (charred litter). When
conducting roots are relatively weakly developed, the
density of absorbing roots on them is high (unburned
litter). Therefore, when one morphogenetic process is
hindered, the other proceeds more actively. In the
range of ecological conditions considered in the study,
none of the seedlings had poorly developed conduct-
ing roots with a low density of absorbing roots. Active
mycorrhization positively correlates with the density
of absorbing roots and negatively correlates with the
growth of conducting roots; i.e., active initiation of
absorbing roots, their transformation into mycor-
rhizae, and subsequent branching of mycorrhizae
themselves are processes of the same category (type of
morphogenesis), all of them providing for higher

RUSSIAN JOURNAL OF ECOLOGY Vol. 41 No. 2

abundance of absorbing organs per unit length of con-
ducting roots.

These data provide evidence for the existence alter-
native types of root system morphogenesis in Scots
pine seedlings. The extreme types can be described as
follows. The first provides for the development of a
compact root system with a high density of absorbing
roots, most of them being transformed into mycor-
rhizae. Such a structure of the absorbing machinery is
apparently aimed at the most effective utilization of
resources available in a limited soil volume and, there-
fore, reflects an intensive strategy in the formation of
underground organs. In our case, this type of morpho-
genesis is characteristic of seedlings exposed to strong
competition from adult trees growing in unburned
plots (figure, plot I). The second type, which reflects
an extensive strategy in the formation of underground
organs, provides for the development of an extended
root system with a relatively sparse arrangement of
absorbing roots, many of them nonmycorrhizal. The
extensive strategy is aimed at gaining access to
resources contained in a large volume of the soil, with
the efficiency of their utilization being relatively low.
In our case, this is characteristic of seedlings from
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Table 4. Factor loadings of parameters characterizing root system morphological structure and mycorrhization in Pinus

sylvestris seedlings and of environmental parameters

Method of analysis*
(1) on the basis of average para- (2) on the basis of individual
Parameter meter values in a plot, including parameter values, without regard
environmental parameters to environmental parameters
factor 1 factor 2 factor 1 factor 2
Parameters of root system morphology and mycorrhization
Main root length —0.11 0.91 —0.06 0.56
Number of lateral conducting roots 0.21 0.95 0.04 0.86
Length of lateral conducting roots 0.00 0.96 —0.01 0.94
Total length of conducting roots 0.00 0.96 —0.02 0.98
Number of absorbing roots (Ln) 0.82 0.55 0.56 0.78
Number of mycorrhizae 0.96 0.22 0.69 0.67
Number of mycorrhizal endings 0.97 0.19 0.68 0.63
Mycorrhization rate 0.86 —0.49 0.82 0.08
Density of absorbing roots 0.95 —0.11 0.91 —0.05
Density of mycorrhizae 0.96 —0.21 0.97 —0.02
Density of mycorrhizal endings 0.96 —0.22 0.94 0.03
Proportion of endings in complex mycorrhizae 0.71 —0.18 0.44 0.02
Environmental parameters
Fire intensity** —0.58 0.75
[llumination level —0.38 0.80
Litter depth —0.59 —0.64
PHyater —0.66 0.71
Soil mineral richness —0.81 0.08
Proportion of explained variance 0.50 0.38 0.40 0.36

Notes: * In both cases, factors were identified by the principal component method, using varimax rotation; the first two factors ade-

quately explain the variance of data.

** Fire intensity was estimated in grades: (0) unburned plots, (1) creeping fire, and (2) free fire.

open, burned-out plots, where growing conditions are
close to optimal (figure, plot VIII).

The series of test plots arranged in order of increas-
ing fire intensity (unburned—burned open stand—
burned dead stand—Dburned clearcut) may be inter-
preted as a complex pyrogenic gradient of increasingly
favorable growing conditions for self-sown Scots pine,
which is a typical pyrophyte adapted to regeneration in
totally burned-out areas (Sannikov, 1983). Optimiza-
tion of growing conditions in such areas is accounted
for by the improvement of illumination level, suppres-
sion of phytocenotic competition, and abundant pro-
vision with mineral nutrients (Sannikov, 1992). As for
the development of underground organs, however,
pyrogenic transformation of the above factors hay pro-
duce opposite effects: higher illumination activates the
growth of roots and mycorrhizae (Tsel’niker, 1978;
Noland et al., 1997; Bucking and Heyser, 2003; van
Hees and Clerkx, 2003), whereas the improvement of
mineral nutrition is usually accompanied by a

RUSSIAN JOURNAL OF ECOLOGY Vol. 41

decrease in the number of roots and the activity of
mycorrhizal fungi (Shemakhanova, 1962; Lobanov,
1971; Rii, 1981; Nakvasina, 1983; Brunner and Brod-
beck, 2001; Baar et al., 2002; Bucking and Heyser,
2003). In the context of aforementioned general con-
cepts, it is difficult to explain why seedlings growing at
a relatively low illumination level (unburned plots) are
characterized by active formation of absorbing roots
and mycorrhizae, whereas those growing at a high illu-
mination level, under almost optimal edaphic condi-
tions (burned-out plots), produce mainly conducting
roots.

A probable explanation of this contradiction is that
specific morphological features of root systems in
mycotrophic plants are determined in part by their
fungal symbionts. Thus, hormones produced by ecto-
mycorrhizal fungi have an effect on initiation of
absorbing roots, increasing their density (Shemakha-
nova, 1962; Wullschleger and Reid, 1990; Scagel and
Linderman, 1998). The observed positive correlation
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between the plot average values of characters “mycor-
rhization rate” and “absorbing root density” (»=0.85,
P =0.0009) is evidence for the hypothesis concerning
a probable effect of fungal activity on root branching
in seedlings. Hence, it may well be that the decreased
density of initiation of absorbing roots in seedlings
from burned out plots, compared to those from
unburned plots, is explained by low activity of ectomy-
corrhizal fungi in areas affected by fire (this unequivo-
cally follows from the reduced proportion of absorbing
roots colonized by fungi).

Apparently, the activity of ectomycorrhizal fungi in
burned-out areas decreases because heat and fire
destroy their mycelium and propagules (Sannikov,
1965; Bruns et al., 2002). It should be noted that the
assemblage of ectomycorrhizal fungi colonizing the
soil sterilized by fire markedly differs from the initial
assemblage. In particular, it includes a large propor-
tion of Ascomycetes fungi (Torres and Honrubia,
1997; Horton et al., 1998; Grogan et al., 2000; Tuin-
inga and Dighton, 2004; Smith et al., 2004, 2005; Bas-
tias et al., 2006). Some properties of pioneering spe-
cies pertain to the explerent strategy, and they appear
to be less active in establishing symbiosis than ectomy-
corrhizal fungi characteristic of unburned forest soils.

CONCLUSIONS

The establishment and growth of Scots pine seed-
lings in habitats affected by fire are accompanied by
consistent changes in the structure of root systems and
the degree of their association with ectomycorrhizal
fungi. Depending on combination of environmental
factors, seedlings produce either mainly conducting
roots (in burned-out areas) or absorbing roots (in
unburned areas), with the initiation of absorbing roots
being accompanied by their active transformation into
ectomycorrhizae. These two trends may be regarded as
two different strategies, extensive and intensive, in the
formation of underground organs. Structural modifi-
cations of underground organs in such habitats are
conditioned by pyrogenic changes in abiotic and biotic
environmental factors, primarily the improvement of
mineral nutrient supply and reduction of the activity
of ectomycorrhizal fungi.

The occurrence of completely mycorrhiza-free
individuals and a low degree of root system mycor-
rhization among seedlings growing in burned-out
areas provide evidence that they are capable of auton-
omous consumption of nutrients from the soil. The
observed specific features of root system morphology
and mycorrhization in Scots pine confirm the hypoth-
esis concerning two pathways of adaptation of its
underground organs to alternative edaphic complexes
characteristic of mineral or pyrogenic habitats (Sanni-
kov, 1983, 1992).
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