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Abstract
Chrysomyxa rhododendri de Bary is a well-known pathogen that frequently produces massive and conspicuous attacks
on Picea abies Karst. in the Alps. Although the cycle of this rust was described at the end of the 19 th century, it is only
recently that research has focussed on its real impact on spruce dynamics at the treeline. In Trentino, spruce needle rust
is regularly reported through the Forest Tree Damage Monitoring (FTDM) programme, carried out by FEM-IASMA and
the Forest and Fauna Service in the woodlands of the Autonomous Province of Trento (N.E. Italy). This set of
geographically referred data was analysed and correlated with meteorological and ecological parameters in order to gain
a better understanding of the environmental factors involved in attacks of this rust. Measures taken from representative
meteorological stations and data from woodland management plans were also analysed.
Rust infections were reported during every year of the period studied, but with considerable variability in terms of
both affected surface and spatial distribution, although no clear trend was observed over the whole period. This variability
could be explained by variations in precipitation in May and June, which is known to be the period of basidiospore
release; solar radiation and wind could concur in spreading the fungal attack. Other parameters played a less important
role in explaining the spread of rust, which affected all kind of spruce woods, regardless of age and management. Local
morphology seems to be a significant factor in spreading attacks.
FDTM data showed high potential for obtaining a better understanding of spruce rust behaviour.
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Introduction
Chrysomyxa rhododendri De Bary is common in
Alpine spruce woods, including those in Italy. Attacks
have been reported since the end of the 19th century
(Garovaglio and Cattaneo 1876) and continue to be regularly recorded by the forest health monitoring programmes carried out in different parts of Italy and the
Alps (Salvadori and Maresi 2008). The spread of this
rust fungus is facilitated by the abundance of its two
hosts, Picea abies Karst and Rhododendron spp. (R.
ferrugineum and R. hirsutum), which are the dominant
vegetation components in the Alpine belt and at the
treeline over most of the southern Alps. Rust host shift
is presumed to occur at the beginning of summer, when
basidiospores are produced on the affected leaves of
rhododendron and migrate through the air onto the new
flush of P. abies. Aecidia appear on spruce needles at
the beginning of August, and large-scale infestation can
have devastating effects (Figure 1), often giving rise
to concerns about the healthy status of the trees, the
external crowns of which appear almost completely
yellowed. The affected needles fall in autumn, leaving
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Figure 1. Heavy attack of Chrysomyxa rhododendri on Picea abies at Paneveggio (Tn). The detail highlights the terrible effect of rust colonization of young needles

large gaps in the foliage on the terminal shoots. The
rust is mainly latent on Rhododendron spp. and becomes evident only in summer with the uredial stage,
consisting of orange pustules on the lower surfaces of
the leaves (Figure 2).
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spread of the rust and to better understand its effects
on the ecological environment.

Materials and Methods

Figure 2. Chrysomyxa rhododendri uredial form on Rhododendron leaves

C. rhododendri is native and endemic to the Alpine and boreal areas of Europe. It has circumpolar
distribution throughout the northern hemisphere, but
is absent from southern Asian, Japan and Tibet (Crane
2001, 2005), although it has recently been reported in
the latter country by Chen (2002).
The fungus is a Regulated Pest in the USA, and
although some infections on Rhododendron spp have
been ascribed to it in the past, despite the aecial state
not being observed, Crane (2001) has suggested that
the native rust Chrysomyxa reticulata may be responsible for these attacks. C. rhododendri has been introduced into the UK, New Zealand and Australia,
where it is now considered a pest (Bennell 1985).
Although the cycle of the fungus has been wellknown since it was first described (De Bary 1879), the
real impact of infection on spruce vitality and treeline
ecology remains unclear. Recent research on this subject suggests that the fungus may either cause photosynthetic impairment to varying degrees on new and
old needles (Mayr et al. 2001), or radial increment of
young trees (Oberhuber et al. 1999), and that infection may also intensify winter water stress (Mayr et
al. 2010). In this context, the lack of long-terms records
of attacks is a stumbling block to improving understanding of the effects of the rust (Mayr et al. 2001).
Spruce needle rust is regularly reported by the Forest
Tree Damage Monitoring (FTDM) programme, carried
out by the Fondazione Edmund Mach  Istituto
Agrario di San Michele allAdige (FEM-IASMA) and
the Forest and Fauna Service of the Autonomous Province of Trento (NE-Italy). In this work, we carried out
exploratory analysis of 22 years of monitoring data to
ascertain the relationship between the size of the areas affected by C. rhododendri and meteorological and
morphological variables, in order to individuate the
patterns and the environmental factors involved in the
2014, Vol. 20, No. 1 (38)

Data collection
Data on the distribution of rust attacks in the
province of Trento (Figure 3) have been recorded since
1990 through the FTDM; this monitoring programme
was carried out by the Forest Services of the Autonomous Province of Trento in collaboration with FEMIASMA (Salvadori and Maresi, 2008). Our methodology involved direct field survey by forest personnel,
periodic compilation of paper forms, and the diagnosis of hitherto unidentified damage. New attacks were
diagnosed by FEM-IASMA specialists in both the
forest and the laboratory. All data refer to Woodland
Management Plan compartments. In 2005 a new methodology based on a WebGIS/geodatabase system was
adopted (Valentinotti et al., 2004): since then, affected areas have been recorded in the FTDM database
as geographically-referred polygons in the Monte
Mario/Italy zone 1 datum. For the present study, the
entire dataset was converted to the WGS84/UTM zone
32N datum.

Figure 3. Map of Trentino. Darker shading indicates the
Cavalese Forestry district. The black point indicates the
position of the Paneveggio meteorological station used for
the climatic analyses

Phenological data
Phenological records (bud burst) of P. abies have
been collected since 2003 at the Lavazè site (11.49407E
46.35823N 1807 m a.s.l), part of the Italian and European Monitoring networks (ICP IM; CON.ECO.FOR).
Spatial and temporal distribution of the disease
Distribution of infection during the period studied
was defined as the total hectares affected by the rust,
as obtained from the dataset. To assess geomorphologISSN 2025-9230
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ical influence we examined the data recorded in the
FDTM geodatabase (20062012), focusing on the Cavalese district (Fassa Valley) for the period from 2005 to
2012. Elevation, slope and aspect maps (minimum, maximum and mean) were calculated according to Horn
(1981) and a reclassified (Jenness 2006) Topographic
Position Index map (TPI) (Wilson 2007) of the affected
area was derived from the Digital Terrain Model (DTM)
of the Province of Trento (PAT 2007). The raster package (Hijmans and Etten 2013) of the R software (R Core
Team, 2013) was used for all the spatial analyses.
We calculated overlapping polygons and recurrences of attacks over the period studied for the entire affected area. The map obtained was overlaid with
the map showing the presence of Pinus cembra (75%,
50% and 25% of the composition of the woods) derived from data obtained from the Woodland Management Plan (PAT 2006).

tion from sunset to sunrise for every day of the period studied. Similar calculations were carried out for
temperature, relative humidity and wind speed. No
measures of relative humidity were available for 1999.
A rainy dawn was defined as precipitation greater than
1 mm during sunrise, from which we obtained the percentage of rainy dawns during the period studied.
Total annual precipitation and mean annual temperature were also included in the analysis.
To calculate global incoming solar radiation and
mean wind speed at the Paneveggio meteorological
station, we aggregated measures taken from the time
of astronomical sunrise to the time of orographic sunrise (morning). Similarly, we used orographic and astronomical sunset times to obtain evening global radiation and mean wind speed. Wind speed and global
radiation measures were available only from 1998 and
2002 onwards, respectively. Morning and evening wind
speed measures were missing for 2003, 2006, 2007 and
2008. A summary chart of the meteorological records
used throughout this work is shown in Table 1.

Meteorological data
The Paneveggio meteorological station (11.74752E
46.30951N, 1542 m a.s.l.) is part of the FEM meteorological network and its position, altitude and lengthy
time series of hourly-recorded meteorological parameters (covering the entire period from 1990 to 2012)
make it representative of the climatic behaviour of the
Alpine area of the Province of Trento. For this study
we used daily records of rainfall, air relative humidity,
air temperature, global incoming solar radiation (the
latter three measured at 2 m from the ground) and mean
wind speed (measured at 3 m from the ground).
We chose the period from 1 st May to 30 th June,
which corresponds with the appearance of new flush
in P. abies, according to phenological records. To
obtain the precipitation data, we calculated total daily rainfall (from 00.00 h to 23.59 h) and total precipitaTable 1. Descriptive
statistics of the meteorological variables
collected by FEM at
the Paneveggio meteorological
station
(19902012)

variable

Min.

st

1 Qu

Median

Mean

3

rd

Qu

Max

St. Dev

IQR

rain

[mm]

night

13.00

39.37

51.00

55.89

72.47

104.80

23.55

rain

[mm]

whole day

109.60

191.73

223.30

238.51

275.93

435.40

84.36

84.20

rain

[mm]

whole year

626.40

871.30

1055.20

1095.16

1335.27

1734.50

290.48

463.97

33.10

rainy dawns

[%]

night

0.00

3.17

4.76

4.91

6.35

11.11

2.95

3.17

relative
humidity

[%]

night

84.91

89.17

91.18

91.52

94.68

97.04

3.22

5.51

relative
humidity

[%]

whole day

64.88

74.92

78.23

78.37

82.11

86.33

5.03

7.19

temperature

[°C]

night

2.41

4.75

5.09

5.34

6.15

8.01

1.27

1.41

temperature

[°C]

whole day

6.49

8.42

8.80

9.03

9.54

12.21

1.25

1.12

temperature

[°C]

whole year

2.05

3.11

3.69

3.64

4.09

5.03

0.79

0.98

global radiation

[MJ m-2]

evening

0.52

0.56

0.61

0.66

0.78

0.84

0.12

0.23

global radiation

[MJ m ]

morning

0.13

0.16

0.21

0.22

0.27

0.38

0.08

0.11

wind speed

[m s ]

evening

0.53

0.62

0.66

0.67

0.71

0.80

0.08

0.10

wind speed

[m s-1]

morning

0.42

0.47

0.48

0.51

0.57

0.61

0.06

0.10

wind speed

[m s ]

night

0.38

0.42

0.45

0.47

0.50

0.56

0.06

0.08

wind speed

[m s-1]

whole day

0.76

0.86

0.94

0.94

1.00

1.06

0.08

0.14
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type

Statistical analysis
Parametric (Pearson) and non-parametric correlation coefficients (Kendall, Spearman) were tested in
order to ascertain the relationship between the affected
surface and the meteorological parameters. We used
the base, Kendall (McLeod 2011), and spearman (Savicky 2009) packages of the R software.
Given that we used long-term monitoring data and
hence there was no experimental design, we fixed the
probability of rejecting the hypothesis of independence at 0.20 (one out of five) and accepted a higher
probability to obtain false positives to check whether
the meteorological records are a reliable predictor of
basidiospore diffusion, such as described in Van Arsdel
et al. 2006.

-2

-1

-1
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Results
Phenological data
Phenological records for P. abies at the Lavazè site
show bud burst to begin between 2 nd May (2007) and
15 th June (2004 and 2010) (mean bud burst onset 3 rd
June); bud burst completion was between 23 rd June
(2009) and 15 th July (2008) (mean completion date 1 st
July). These data appeared to confirm the susceptible
period for rust infection.
Spatial and temporal distribution of the disease
During the 22 years of FTDM, C. rhododendri

F. ZOTTELE ET AL.

was reported to be regularly present every year, but
with large fluctuations in the affected surface area,
ranging from about 13 ha in 2006 to 3077 ha in 2010
(Figure 4). It should be noted that there was a sharp
reduction in the recorded affected surface area in the
2000s, and only after 2007 were the values comparable with those collected during the 90s. In any case,
there was no clear trend discernible during the entire
series of reported attacks.
The analyses carried out on the DTM showed a
prevalence of attacks on middle slope morphologies
(Figure 5), i.e. where the slope is > 5° and the standard deviation of the TPI falls in the [-0.5, 0.5] interval

Figure 4 . Hectares of
woods affected by spruce
needle rust recorded by
FDTM between 1990 and
2012

Figure 5. Hectares of woods affected by
spruce needle rust by year from 2006 to
2012. Data were grouped according to the
Terrain Position Index classification. The
dotted lines represent data recorded in the
Cavalese Forestry District
2014, Vol. 20, No. 1 (38)
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(Jenness 2006). No differences were detected according to aspect, rust being present on all possible expositions. The rust attacked P. abies stands ranging
from a minimum of 881 m. a.s.l. to a maximum of 2,209
m. a.s.l., mean elevation 1,730 m. a.s.l. C. rhododendri attacks had similar distributions in the whole of
Trentino and in the district of Cavalese.
The areas where attacks recur are very small and
localized: in the Cavalese district spruce needle rust
recurred more than once only on 39 ha, with a maximum of 5 recurrences on 0.4 ha, out of a total affected area of 260 ha reported in the FDTM (Figure 6).

F. ZOTTELE ET AL.

Meteorological data and statistical analysis
Descriptive statistics of the meteorological variables are reported in Table 1, while the results of the
statistical analyses are reported in Table 2. At the level
of significance adopted in this work, a positive relationship was found between the total surface of the
affected stands and the total daily precipitation measured at the Paneveggio Station, while negative relationships were found with a) night-time temperatures,
and b) mean daily temperatures. A strong negative
correlation was found with morning global radiation,
while the correlation was positive with evening glo-

Figure 6. Spatial distribution and recurrence of Chrysomyxa rhododendri infestation from 2006 to 2012 in the Cavalese
Forestry district. The different shades of violet indicate Pinus cembra at 25%, 50% and 75% of total vegetation

Comparison of the minimum, mean and maximum
elevations of the affected areas with the altitudinal
distribution of the compartments where Pinus cembra
is dominant (Figure 7) showed no significant overlapping of elevation distributions. The upper tail region
of the C. rhododentri distribution overlapped slightly with the lower tail of P. cembra. In general, P. cembra stands grow at altitudes higher than the picea
woods affected by rust attacks.
2014, Vol. 20, No. 1 (38)
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bal radiation. Analyses of wind measures showed a
significant negative relationship only with mean wind
speed measured in the morning hours and during the
whole day.

Discussion and conclusion
FTDM historical records have enormous potential for providing a clearer understanding of different
ISSN 2025-9230
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Table 2. Results of association and
correlation analyses. Significant values (p <= 0.2) are reported in bold

Pearson
variable

type

N

ñ

Kendall

p-value

ô

Spearman

p-value

ñ

p-value

rain

[mm]

night

23

0.11

0.63

0.16

0.29

0.16

0.47

rain

[mm]

whole day

23

0.17

0.44

0.25

0.10

0.30

0.17

rain

[mm]

whole year

23

0.06

0.77

0.10

0.53

0.13

0.54

rainy dawns

[%]

night

23

0.02

0.93

-0.04

0.81

-0.04

0.85

relative humidity

[%]

night

22

0.23

0.30

0.05

0.78

0.11

0.64

relative humidity

[%]

whole day

22

0.25

0.26

0.04

0.82

0.09

0.69

temperature

[°C]

night

23

-0.22

0.30

-0.23

0.14

-0.33

0.12

temperature

[°C]

whole day

23

-0.28

0.19

-0.20

0.20

-0.26

0.23

temperature

[°C]

whole year

23

-0.11

0.63

0.04

0.83

0.03

0.88

-2

evening

11

0.50

0.11

0.24

0.35

0.36

0.27

-2

morning

11

-0.62

0.04

-0.42

0.09

-0.57

0.07

global radiation

[MJ m ]

global radiation

[MJ m ]
-1

evening

11

-0.06

0.87

-0.13

0.64

-0.24

0.49

-1

morning

11

-0.34

0.31

-0.31

0.21

-0.43

0.19

-1

night

15

-0.10

0.72

-0.10

0.62

-0.21

0.45

-1

whole day

15

-0.20

0.48

-0.28

0.17

-0.38

0.16

wind speed

[m s ]

wind speed

[m s ]

wind speed

[m s ]

wind speed

[m s ]

Figure 7. Comparison between the
altitudinal distributions of reported
attacks of Chrysomyxa rhododendri
and the altitudinal distributions of
Pinus Cembra stands derived from
the Digital Elevation Model and The
Woodland Management Plan

forest diseases. With respect to C. rhododendri, the
data confirmed continuous but limited occurrence of
the disease in the spruce woods of Trentino. The effects of the rust are evident mainly at high altitude,
regardless of the aspect of the slope, and only occa2014, Vol. 20, No. 1 (38)

sionally cover large areas. Repeat attacks were highly
localised and limited to small surface areas in a few
valleys at higher altitudes, where micro-station conditions and local morphologies play a role which is not
yet fully understood. This concentration of recurring
ISSN 2025-9230
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heavy infestations is indicative of the limited role
played by the fungus as a constraining factor for
spruce regeneration. It should, in any case, be pointed out that in over twenty years there have been no
reports of spruce trees dying from rust attacks, even
where the rust is frequently manifested. Repeated attacks of C. rhododendri seem only marginally related
to the upward evolution of the treeline towards Pinus
cembra stands, whose distribution overlaps only
marginally with that of the recorded rust attacks.
Although Chrysomyxa rhododendri has a limited impact on forest health, it may be worthwhile looking more closely at the effect of the disease on the
development of infested plants and their photosynthetic activity. The detailed analyses reported by
Oberhuber et al.(1999), Plattner et al. (1999), Bauer et
al. (2000), and Mayr et al. (2010) show clear effects
on the productivity and physiology of spruce in controlled conditions, and these need to be confirmed with
more detailed, direct investigations in frequently affected stands. Moreover, monitoring data rely on visual observation of massive rust presence and do not
provide quantitative evaluation of the intensity of
attacks; direct measurement of the damage to individual trees would make it possible to accurately assess
the eco-physiological effects of the rust.
Total daily precipitation and evening global radiation seem to be the main environmental factors driving the spread of rust over a large surface area, while
morning temperature, global radiation and wind, and
mean wind speed over the entire day apparently have
a negative effect on the spread of C. rhododendri.
Unfortunately, there are no data on the survival
of the fungus in secondary host during the winter.
Anyway, it is to notice that until now there were no
reported massive Rhododendron sp. dissecation due
to a reduction in snow cover, as observed by Pisetta
et al. (2012) on green alders.
It is well known that precipitation plays a role in
basidiospore adherence to P. abies needles (De Bary 1879):
the positive relationship with whole-day precipitation
suggests that persistent wetting of the needles provides
a favourable environment for the basidiospores to germinate on the shoots. This is consistent with the negative relationship found between rust spread and both
night-time and whole-day temperatures: chillier days and
nights prevent the needles surfaces drying out. Given
that no observable correlation was found (at significance
level = 0.05) between total precipitation measured during the day and both night-time and mean daily temperatures, these two parameters can be considered distinct
meteorological drivers.
Radiative flux during the morning and evening
hours seem to play a particular role in the spread of
2014, Vol. 20, No. 1 (38)
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the rust. The negative correlation found with sunrise
could be explained by the drying of the needles; the
positive correlation found with evening global radiation could be related to local thermally driven winds
originating in a complex morphology. The diurnal cycle of incoming solar radiation and outgoing long-wave
radiation at night gives rise to cyclical heating and
cooling of the air layers closest to the ground, causing airflows along sloping terrains, which affect air
motion in the whole valley (Whiteman 1990, Vitti et al.
2005). Here is important to remember that these wind
circulations are triggered by standard atmospheric
conditions in the absence of perturbations at a synoptic scale and with good weather conditions. After
dawn, the valley breeze dies down and in order to
maintain circulation air masses are pushed up from the
centre of the valley then towards the higher reaches
of the slopes before descending as down-slope or
katabatic winds. Prantl (1942) and Defant (1949) give
a more detailed description of these winds. Thermally
driven winds have been widely investigated with respect to both anabatic (Ye et al. 1987, Petkovðek and
Hoèevar 1971) and katabatic flows (Grisogono and
Oerlemans 2001, Yi 2009). Given that they play a major role in determining local weather and pollution distribution, they may well also play a role in C. rhododendri basidiospore dispersal, as suggested by de
Bary (1879) and as observed and described in detail
for pine blist rust spores (van Arsdel 1967).
Putting together the correlations with global radiation and with wind measures, we get a clearer picture of the association involved in the spread of the
rust: in the morning the breeze and incoming radiation
release the basidiospores and dry the needles; in the
evening, calm slope wind circulation fosters the spread
of the rust at lower elevations. When wind blows
throughout the entire day the ideal conditions for
breezes are probably not met, so the shoots dry fast
and the spores cannot germinate.
Further information is needed in order to have a
better understanding of the effect of terrain morphology and micro-meteorology on areas affected by C.
rhododendri over time: the stability of the atmosphere
in the period May-June needs to be taken into account
as well as the influence of the canopy on heat transfer and the formation of slope winds.
C. rhododendri is a normal inhabitant of the
spruce ecosystem at the treeline in Alpine regions. Its
spread is associated with meteorological (and climatic) variability in the region, while its impact is limited
and highly localised to spruce woods. Further investigations of the effects of spruce needle rust should
focus on the eco-physiology, climate and morphology of these restricted zones.
ISSN 2025-9230
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CHRYSOMYXA RHODODENDRI Â ÒÐÅÍÒÈÍÎ: ÏÅÐÂÛÉ ÀÍÀËÈÇ ÌÎÍÈÒÎÐÈÍÃÎÂÛÕ
ÄÀÍÍÛÕ
Ô. Çîòòåëå, Ê. Ñàëüâàäîðè, Ñ. Êîððàäèíè, Ä. Àíäðåèñ, À. Âîëûíñêè, Ä. Ìàðåçè
Ðåçþìå
Chrysomyxa rhododendri de Bary øèðîêî èçâåñòíûé ïàòîãåí, ÷àñòî îêàçûâàþùèé ìàññèâíûå âèäèìûå ïîðàæåíèÿ
íà Picea abies Karst. â àëüïàõ. Íåñìîòðÿ íà òî ÷òî æèçíåííûé öèêë ýòèõ ðæàâ÷èíîâûõ ãðèáîâ áûë îïèñàí åùå â êîíöå
äåâÿòíàäöàòîãî ñòîëåòèÿ, òîëüêî ñåé÷àñ èññëåäîâàíèÿ ñôîêóñèðîâàííû íà ðåàëüíîì âëèÿíèè ýòèõ ãðèáîâ íà äèíàìèêó
ðàçâèòèÿ åëîâûõ ïîðîä íà ãðàíèöå ëåñîâ. Â Òðåíòèíî, ðæàâ÷èíà åëîâûõ èãë ðåãóëÿðíî ôèêñèðóåòñÿ ïðîãðàììîé
ìîíèòîðèíãà ïîðàæåíèÿ ëåñíûõ äåðåâüåâ (the Forest Tree Damage Monitoring (FTDM) programme), ïðîâîäèìîé ÔÅÌÈÀÑÌÀ (FEM-IASMA) è ñëóæáîé ôëîðû è ôàóíû íà ëåñíûõ çåìëÿõ àâòîíîìíîé ïðîâèíöèè ãîðîäà Òðåíòî (the
Forest and Fauna Service in the woodlands of the Autonomous Province of Trento (N.E. Italy)). Ýòîò íàáîð ãåîãðàôè÷åñêè
îáîçíà÷åííûõ äàííûõ áûë ïðîàíàëèçèðîâàí ñ ó÷åòîì ìåòåîðîëîãè÷åñêèõ è ýêîëîãè÷åñêèõ ïàðàìåòðîâ ñ öåëüþ ëó÷øå
èçó÷èòü ïðèðîäíûå ôàêòîðû âîâëå÷åííûå â ïðîöåññ ïîðàæåíèÿ äåðåâüåâ ïëåñåíüþ. Èçìåðåíèÿ, âçÿòûå ñ
ïðåäñòàâëåííûõ ìåòåîðîëîãè÷åñêèõ ñòàíöèé è äàííûõ ñõåì ëåñíûõ ñëóæá òàêæå áûëè ïðîàíàëèçèðîâàííû.
Ðæàâ÷èíîâûå èíôåêöèè áûëè îïèñàíû â òå÷åíèè êàæäîãî ãîäà èçó÷àåìîãî ïåðèîäà, íî ñ ñîîòâåòñòâóþùèìè
âàðèàíòàìè óñëîâèé äëÿ ïîðàæåííîé ïîâåðõíîñòè è ïðîñòðàíñòâåííîãî ðàñïðåäåëåíèÿ, îäíàêî îäíîçíà÷íûõ òåíäåíöèé
îáíàðóæåíî íå áûëî çà âåñü ïåðèîä èññëåäîâàíèÿ. Òàêîå ðàçíîîáðàçèå ìîæåò áûòü îáüÿñíåíî ðàçëè÷èÿìè â
âûïàäåíèè îñàäêîâ â ìàå è èþíå ìåñÿöàõ, â êîòîðûõ ïðîèñõîäèò âûñâîáîæäåíèÿ áàçèäèîñïîð; ñîëíå÷íàÿ ðàäèàöèÿ è
âåòåð ìîãëè ñïîñîáñòâîâàòü ðàñïðîñòðàíåíèþ ãðèáíîãî ïîðàæåíèÿ. Äðóãèå ïàðàìåòðû èìåëè ìåíüøåå çíà÷åíèå äëÿ
îáüÿñíåíèÿ ðàñïðîñòðàíåíèÿ ðæàâ÷èíû, êîòîðàÿ ïîðàæàëà âñå ðàçíîîáðàçèå åëîâûõ äåðåâüåâ â íå çàâèñèìîñòè îò
âîçðàñòà è ñîñòîÿíèÿ. Ìåñòíàÿ ìîðôîëîãèÿ ïî-âèäèìîìó ÿâëÿåòñÿ ñóùåñòâåííûì ôàêòîðì âëèÿþùèì íà
ðàñïðîñòðàíåíèå ðæàâ÷èíîâûõ ïîðàæåíèé.
FDTM äàííûå ïîêàçàëè âûñîêèé ïîòåíöèàë äëÿ ðàçâèòèÿ íàøåãî ïîíèìàíèÿ î ïîâåäåíèè ðæàâ÷èíîâûõ ãðèáîâ.
Êëþ÷åâûå ñëîâà: Ðæàâ÷èíîâûå ãðèáû, Picea abies, ýêîëîãèÿ ãðàíèö ëåñîâ, Ñèñòåìà Ãåîãðàôè÷åñêîé
Èíôîðìàöèè, ðàñïðîñòðàíåíèå áàçèäèîñïîð
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