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Abstract

The significance of root colonization by mycorrhizal
fungi for the growth and development of Helichrysum are-
narium was investigated in two independent experiments. In the
first experiment the association of root colonization level with
the pluviothermal conditions within the growing season and the
age of a natural plant population was analyzed. In the second
one, under controlled conditions, the influence of artificial in-
oculation with the arbuscular fungus Glomus intraradices on
the features of plants raised from achenes was studied. It was
shown that hydrothermal conditions during blooming period
had a greater influence on reproduction processes of sandy ev-
erlasting than both the population age (the secondary succes-
sion progress) and the level of root colonization by mycorrhizal
fungi. High amount of precipitation at plant generative develop-
ment phase positively influences the potential and actual fertility
of ramets. The presence of arbuscular fungus in the soil favors
the growth and development of sandy everlasting specimens at
their early growing stages: they have a better-developed root
system and a greater photosynthetic area.
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INTRODUCTION

Helichrysum arenarium (L.) Moench is a peren-
nial belonging to the Asteraceae family. The species
is under partial protection in Poland. Its inflorescenc-
es collected at the beginning of the blooming period
(Inflorescentia Helichrysi = Flos Stoechados citrini)
constitute a raw material for a number of medicinal
preparations (FP 2002) used for treatment of digestive

system diseases (Ozarowski, 1983; Gawron-
Gzella etal. 2003). Sandy everlasting is also a deco-
rative and erosion-preventing plant.

Because of many desirable features of the plant,
in the 1970s there were some attempts at growing it
in the fields (Fijatkowski and Seroczynska,
1974; Pacholak and Zatg¢cki, 1979), but they
eventually failed (Buchwald, 1992). The probable
reason for these failures was underestimation of sandy
everlasting symbiosis with mycorrhizal fungi (Welc
et al. 2007).

According to the contemporary knowledge, my-
corrhizal fungi are present in most inland plant commu-
nities. Arbuscular mycorrhiza (AM, endomycorrhiza)
is regarded as the oldest mycorrhiza type and it is the
most abundant in nature (Smith and Read, 1997,
Btaszkowski, 2004). The ability of many plant
species to colonize sandy soils that are infertile, acidic
and drain out rapidly, depends on their symbiosis with
arbuscular fungi. The presence of these fungi in the
root system makes it easier for the plant to draw nu-
trients from the soil, especially those which are poorly
mobile or in short supply, like phosphorus, nitrogen,
zinc and copper (Gemma and Koske, 1997; Ko -
skeandGemma, 1997; Thompson, 1987;Ba-
rea etal. 1991). Plant roots colonized by arbuscular
fungi are naturally protected against some pathogens
(Graham, 2001). They also have an increased abil-
ity to extract water from the soil, which reduces their
vulnerability to water shortage periods (Sanchez-
Diaz and Honrubia, 1994). Extramatrical hy-
phae that penetrate the soil constitute the main absorp-
tion surface as well as a water and nutrient distribution
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system. Arbuscular fungi take for their own metabo-
lism up to 20% of carbon assimilated by the host plant
(Jakobsen and Rosendahl, 1990).

Sandy everlasting belongs to a group of plants
that exhibit an ability to invade areas disturbed by ei-
ther human activity or natural disasters. The plants can
be found on dunes and in abandoned fields, on soils
that are deficient in mineral nutrients and easily drained
(Rutkowski, 2004). Although such harsh condi-
tions do not promote either growth or development
of the plants, the succession process becomes more
vigorous with colonization of these areas by mycor-
rhizal fungi (Gucwa-Przepidéra and Turnau,
2001).

The aim of the investigation was to evaluate
the influence of mycorrhiza on the growth and devel-
opment dynamics of H. arenarium. The influence of
root colonization by arbuscular fungi on the mass of
underground and aboveground plant parts, the number
of generative shoots, the plant density as well as the
potential and actual fertility of the plants from natural
stands were analyzed in detail. The effect of the soil
inoculation with mycorrhizal fungi on selected mor-
phological features of plants raised from achenes was
also investigated.

This work was supported by grant from Minis-
try of Science and Higher Education No. 2PO6R 073
30.

MATERIALS AND METHODS

Two experiments on sandy everlasting plants
originating from natural stands were conducted.

In the first experiment in the years 2005-2007
phenological observations were conducted and meas-
urements were taken in two selected natural stands
with sandy everlasting populations. Both grow in
abandoned fields on clayey sand or loose sandy soils
(Trzcinski, 1989). The population I, located in the
outskirts of Bydgoszcz (Fordon district), is a part of
an Diantho-Armerietum elongatae Krausch 1959
association at an advanced stage of secondary succes-
sion. The population II, located in the village of Losiny
in the Bory Tucholskie forest complex, is a part of
Spergulo vernalis-Corynephoretum (R.Tx. 1928) Libb.
1933 association that exhibits some features of an ear-
lier succession stage M atuszkiewicz, 2005).

In permanent sample plots randomly selected
at both locations the density of shoots was determined
each year. During the blooming period in the vicinity
of these sample plots 30 plants (ramets) were collect-
ed. The plants were analyzed using methods proposed
by Faliriska (2002). The number of generative and
vegetative shoots per each ramet was counted and their
fresh and air-dry mass was measured. The number of

inflorescences and the number of flowers in inflores-
cences (potential fertility) were estimated. Actual fer-
tility measured as the number of achenes per inflores-
cence and per ramet was also determined.

Weather conditions at the generative stage of
sandy everlasting development were analyzed based
on data gathered at meteorological stations in Byd-
goszcz and Chojnice. Seljainov’s k index (Bac et al.
1998) was applied for the evaluation of hydrothermal
conditions:

z P season’s total precipitation
o1y t

where k < 1 indicates a drought period.

"~ 0,1(seasons’s sum of temperature)

In the second experiment conducted in the year
2007 the influence of various soil treatment on the
growth of plants obtained from achenes (fruits) col-
lected from a natural stand in the previous year was
investigated. The plants were grown in pots filled with
soil taken from beneath wild specimens of sandy ev-
erlasting. The experiment was designed as a 2 x 2 ar-
rangement of treatments.

The following treatments (regarded as factors)
were applied in the experiment:

A. soil sterilization (soil samples were autoclaved in
105°C during 30 minutes; the procedure was re-
peated after two days): yes/no;

B. inoculation of the soil with the arbuscular fungus
Glomus intraradices BEG 87: yes/no.

The inoculum of the arbuscular fungus G. in-
traradices BEG 87 originated from the pot culture of
corn (Zea mays L.) deposited at the European Bank for
Glomeromycota. Each medium inoculated was treated
with 10 g of inoculum per 1 kg of the soil.

Soil types involved in the experiments described
in this work were named after their granulation. A nat-
ural sand served as a non-treatment control.

After five months of growing, the plants were
subject to biometric measurements. The fresh and air-
dry mass of plants, the length of their root system as
well as their photosynthetic area were determined.

Samples consisting of soil blocks with whole
plants rooted in them obtained from both experiments
were analyzed to asses the level of root colonization
by mycorrhizal fungi. Roots were removed from soil
samples, rinsed with tap water and cut into 1 cm piec-
es. Five hundred milligrams of fine roots were pre-
pared for assessment of arbuscular mycorrhiza (AM)
by clearing with 10% KOH and staining with trypan
blue according to the method of Kormanik and
McGraw (1982). AM colonization was assessed
using the magnified intersection method according
toMcGonigle etal. (1990). For each sample root
segments (of the total length 80 cm) were observed un-
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der 100x magnification using light microscope (Zeiss)
equipped with an Eyepiece and built-in crosshair.
Mycorrhizal structures (arbuscules, vesicles, hyphae,
coils) and non-mycorrhizal endophytes were recorded.
AM and non-AM colonization was calculated as the
percentage of root length colonized (% RLC).

Statistical analysis was performed using EX-
CEL and STATISTICA 8 PL software.

RESULTS

Weather conditions during sandy everlasting
growing periods in the years 2005-2007 were similar
at both locations of the field studies (Tab. 1). Typi-
cal differences in pluviothermal conditions were re-
ported: the precipitation in Bydgoszcz is usually lower
but the air temperature higher than in Bory Tucholskie
(data for Chojnice). A vigorous generative develop-
ment of Helichrysum arenarium occurs in June-July.
These months in 2005 were rather dry, especially in
Bydgoszcz. In 2006 very dry June and July were fol-
lowed by a humid August. These months in 2007 were
especially rainy, and the weather conditions in August
were close to the many-year norm.

The level of AM root colonization in H. are-
narium from natural stands varied and depended upon
the time and site of sample collection (Tab. 2). It at-
tained the highest value in 2005, when hyphae and
vesicles prevailed. It was by 35.1% higher than that re-
corded in the next year. The colonization level by vari-
ous forms of mycorrhizal fungi in 2007 was also higher
by 15.2% on average than in 2006. The roots of sandy
everlasting were also sometimes colonized by non-my-
corrhizal fungi, mainly Rhizoctonia sp. and Oomycetes
sp. (RLC =2.2-5.3%).

The generative potential of H. arenarium popu-
lations studied, measured as the degree of development
and percentage of generative shoots, turned out to be
significantly associated with weather conditions, but
independent of the AM colonization level (Tabs 1, 2,
3). The above-mentioned variables attained their high-
est values in 2006, when the most intense precipitation
during the blooming period (in August) was recorded.
However, in the two preceding months (June and July),
at the vegetative development and inflorescence bud
period, the weather was hot and dry. Under prolonging
drought conditions in 2005 the plants produced more
tiny ramets with many vegetative shoots, while intense
precipitation in June and July 2007 promoted the de-
velopment of underground plant parts (Tabs 1, 3).

The number of ramets decreased at both lo-
cations studied. This phenomenon was especially
marked in the population II where the number of ram-
ets in 2006 decreased 2.5-fold compared to the pre-
vious year. In 2007 the one-year decrease was even

more pronounced (3-fold). The drop in the number
of ramets was not accompanied by differences in the
number of flowers and fruits produced by the plants.
It is noteworthy that the number of flowers per inflo-
rescence and the number of set fruits almost did not
vary either with the year of study or the population.
In 2006, under more suitable conditions for flower-
ing, the number of flowers and achenes per ramet was
8-fold (population I) and 2.5-fold (population II) higher
than in 2005. This emphasizes the significance of good
water conditions for intensive flowering and fruiting
of the plants. In 2007 a low number of sandy everlast-
ing ramets influenced the actual fertility per area unit,
nevertheless the flowering was more intensive than in
dry 2005 (Tabs 3, 4).

In 2006 many morphological features of
H. arenarium attained their highest values, but this was
not associated with a more intensive AM colonization
(Tabs 2, 3, 4) and might be caused by weather condi-
tions which did not promote the development of AM
fungi (at the beginning of 2006 low precipitation and
temperature values were recorded).

Results of the laboratory experiment showed
that soil sterilization affected the morphological fea-
tures of plants raised from achenes sown into the soil
(Tab. 5). Specimens growing on a sterilized sand
from natural stands of sandy everlasting had a lower
fresh mass of shoots and root system, lower ratios of
dry mass of particular plant parts to the total mass,
shorter roots, and a smaller photosynthetic area than
plants growing on a non-sterilized soil. The amend-
ment of the sterilized soil with inoculum of arbus-
cular fungus Glomus intraradices BEG 87 resulted
in an increase in all morphological features analyzed.
Significant differences were found in the fresh mass
of whole plants, fresh mass of shoots and root system,
root length and photosynthetic area. The ratios of dry
mass of particular plant parts to the total mass attained
their highest values for sandy everlasting specimens
growing on a non-sterilized sand from natural stands
augmented with the inoculum. However, significant
differences in these features were found only for the
roots (Tab. 5).

The level of AM colonization of plants grown
from achenes varied with the soil type and treatment
(Tab. 6). For the plants grown on the natural sandy soil
it was 5% RLC, while for specimens from the steri-
lized and then inoculated soil it was higher by 3.2%
RLC. The AM colonization level was the highest (22.8 %
RLC) and the most variable for plants grown on the
sandy soil from natural stands augmented with the my-
corrhizal inoculum of Glomus intraradices (hyphae,
vesicles and arbuscules). In seedling roots no non-my-
corrhizal endophytic fungi were found.
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Table 1
Pluviothermal conditions at the sandy everlasting development phase in the years 2005-2007. Data from meteorological stations
at Bydgoszcz and Chojnice.

Location
Bydgoszcz (population I) Chojnice (population II)
Year Month
Total Average Total Average
precipitation temperature k index precipitation  temperature k index
[mm] [°C] [mm] [Cl

June 30.5 14.9 0.68 40.0 14.5 0.92

July 33.6 19.4 0.56 77.0 18.8 1.32
2005 August 434 16.3 0.88 58.1 16.0 1.17

June = 107.5 16.9 0.70 175.1 16.5 116

August

June 21.8 16.8 0.43 24.8 16.6 0.50

July 24.2 22.4 0.35 12.6 219 0.19
2006  August 129.0 16.6 2.51 154.1 16.6 2.99

June = 175.0 18.6 1.02 191.5 18.4 124

August

June 105.5 18.2 1.93 1219 17.5 2.32

July 104.7 18.0 1.88 114.9 16.9 2.19
2007 August 42.1 17.8 0.76 68.3 17.3 1.27

June = 252.3 18.0 1.52 305.1 17.4 1.90

August

Table 2
The level of sandy everlasting root colonization by AM structures for different locations and dates of sample collection [%RLC]*).

Location and date of sample collection

Year AM structures Bydgoszez Losiny
(population I) (population II)
15. June 15. October 15. June 15. October
Hyphae 41.2 28.4 334 28.6
Vesicles 24.9 2.7 15.9 4.0
Arbuscules 0.0 0.0 0.5 0.0
2005 Coils 0.0 0.0 0.0 0.0
Total 66.1 31.1 49.7 32.6
On average 48.6 41.2
Hyphae 6.3 6.3 8.5 8.5
Vesicles 0.0 1.9 0.0 1.9
Arbuscules 1.9 0.0 1.9 0.0
2006 i
Coils 0.7 0.7 0.3 0.3
Total 8.9 8.9 10.7 10.7
On average 8.9 10.7
Hyphae 7.8 27.4 10.5 17.2
Vesicles 1.5 5.4 4.1 2.0
Arbuscules 5.1 5.2 6.9 3.6
2007 .
Coils 0.9 1.6 0.3 0.8
Total 14.8 39.6 21.8 23.6
On average 27.2 22.7

*) Root Lenght Colonized = the percentage of root length colonized by mycorrhizal fungi
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Table 3

Generative potential of sandy everlasting at peak flowering (July — August) for both populations in the years 2005-2007.

Single clump (ramet)

Per 1 m?

.§ The ratio of The number
= .
5. Year Dry mass of dry mass of The numt?er The number Total number of generative
5 the clump aboveground of generative of clumps of clumps shoots to the total
~ [g] parts to the total shoots (ramets) P number of shoots
dry mass [%] [%]
2005 1.14 57.0 1.9 29 117 47.7
I 2006 4.64 74.4 5.1 17 96 91.8
2007 2.07 51.1 3.0 14 46 90.1
2005 1.73 65.5 2.7 92 411 60.3
I 2006 2.50 70.1 4.4 36 169 93.4
2007 1.74 57.7 3.0 11 36 88.7
Table 4
Potential and actual fertility per clump (ramet) and per area unit in the years 2005-2007.
Potential fertility Actual fertility
g The number Fertility Actual fertility
= 2
é; Year of flower  he number T;}e;(?vg:;:r The number T(‘)l;eazlllll;llt;zr index per I'm
oy heads per of flowers per er clum of achenes er clum [%] [thousands of
A clump capitulum P p per capitulum P p achenes]
(ramet) (ramet)
2005 79.2 40.6 3216 343 2717 84.5 152.2
I 2006 591.6 43.7 25853 37.4 22126 85.6 1197.1
2007 237.4 46.1 12606 40.6 11100 88.1 466.2
2005 160.4 43.9 7042 38.1 6111 86.8 1515.5
I 2006 409.2 424 17350 36.9 15099 87.0 2400.7
2007 2154 424 9133 37.7 8121 88.9 259.9
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Table 5
The influence of soil type used in laboratory experiments on biometric features of sandy everlasting
specimens raised from achenes.

Soil sterilization Sofl inoculation On average . NIRPFO-"S for
No inoculation Inoculation inoculation effects
Fresh mass:
of the whole plant [g]
No sterilization 0.157 0.108 0.132 Insignificant
Sterilization 0.102 0.181 0.141 0.040
On average 0.129 0.144 0.136 0.030
of the aboveground parts [g]
No sterilization 0.127 0.091 0.109 Insignificant
Sterilization 0.079 0.135 0.107 0.031
On average 0.103 0.113 0.108 Insignificant
of the underground parts [g]
No sterilization 0.030 0.017 0.023 Insignificant
Sterilization 0.023 0.046 0.034 0.016
On average 0.026 0.031 0.028 Insignificant
Percentage of dry mass:
of the aboveground parts [g]
No sterilization 17.9 26.0 21.9 Insignificant
Sterilization 12.9 14.8 13.8 Insignificant
On average 15.4 204 17.9 Insignificant
of the aboveground parts [g]
No sterilization 23.1 36.4 29.7 8.1
Sterilization 21.2 21.7 21.4 Insignificant
On average 22.1 29.0 25.5 Insignificant
Length of the root system [mm]
No sterilization 76.3 61.1 68.7 6.6
Sterilization 68.5 84.6 76.5 16.1
On average 72.4 72.8 72.6 Insignificant
Leaf area of a single plant [mm?]

No sterilization 63.2 63.4 63.3 Insignificant
Sterilization 474 71.6 59.5 6.6
On average 55.3 67.5 61.4 9.0
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Table 6
The level of sandy everlasting root colonization by AM fungus structures for different soil media [%RLC].

Medium

Mycelium form
Natural sand

Sterilized and

I 1 i
noculated then inoculated

Sterilized sand
natural sand

sand
Hyphae 5.0 18.4 0.0 5.6
Vesicles 0.0 1.8 0.0 1.4
Arbuscules 0.0 6.4 0.0 1.0
Coils 0.0 1.2 0.0 0.2
Total 5.0 27.8 0.0 8.2

DISCUSSION

In experiments on adaptation of sandy everlast-
ing microseedlings to various soil media, the presence
of growth-promoting organisms in soil from natural
stands was reported (Sawilska and Jendrzej-
czak, 2009). Subsequent experiments confirmed that
natural populations of H. arenarium formed permanent
functional symbiotic relationships with AM fungi.
This was indicated by the presence of typical morpho-
logical structures in the plant roots, such as arbuscules,
vesicles, coils and hyphae. Arbuscules are intricately
branched haustoria located in the cortex cells that are
responsible for the nutrient transfer between symbi-
otic partners, i.e. the AM fungus and the plant. To our
knowledge, mycorrhizal status of Helichrysum sp. has
been scarcely investigated. Arbuscular mycorrhizal as-
sociations were reported in roots of Helichrysum itali-
cum and H. stoechas (Lamont, 1984; Steward
et al. 1993; Maremmani et al. 2003), whereas in
root systems of some Australian Asteraceae, including
H. apiculatum and H. leucopsidum, ectomycorrhiza-
like structures have been observed (Warcup and
McGee, 1983; Kope and Warcup, 1986).

Experiments conducted on two natural popula-
tions of sandy everlasting reported in this work con-
firmed that the plant is associated with mycorrhizal
fungi. However, no significant relationship between
the level of mycorrhizal colonization of plant roots
and their generative potential, as well as the potential
and actual fertility was found. Our results indicated
instead that the ramet mass and the number of gen-
erative shoots, inflorescences and flowers per clump
depended largely on hydrothermal conditions during
the generative development phase. This was especially
apparent in 2006 when dry weather did not hinder the
development of sandy everlasting but influenced the
development of AM fungi. A vigorous development of

sandy everlasting in the rainy summer of that year was
a result of a low precipitation amount in the two pre-
ceding months as well as a strong tolerance of the plant
to high temperature. In our studies weather conditions
reduced fungi populations that fared better in the years
2005 and 2007.

AM symbiosis is known to alter plant water re-
lations and improve the resistance of plants to drought
(Augé, 2001; 2004). On the other hand, effects of
soil drying on the behavior of AM fungal symbionts in
roots of variety of plant species have frequently been
studied and summarized by Augé (2001). It was
found that drought can both increase and decrease lev-
els of root colonization. The results of pot experiments
indicated that root colonization is more often increased
than decreased. In the field, however, short-term water
deficit was observed to decrease AM colonization of
plant roots (Bolgiano et al. 1983), which is con-
sistent with our results. On the other hand, chronic
drought may promote more extensive colonization
(Bolgiano et al. 1983; Kuhn et al. 1991). The
authors suggested that low soil moisture may cause
a decreased availability of phosphorus and an increase
of mycorrhizal colonization to provide more phospho-
rus to the plant. In our study, increased water avail-
ability in the seasons 2005 and 2007 resulted in a sig-
nificantly higher AM colonization of H. arenarium.
This was consistent with the results of other authors.
Allen et al. (1989) reported that increased soil hu-
midity stimulated growth of roots and development
of AM mycelium. Jacobson (1997) suggested that
a rapid growth response of mycelium to moisture and
production of resilient spores in response to declining
moisture may be characteristics allowing AM fungal
communities to function under especially arid condi-
tions.

Recently attention has been paid to the effects
of AM fungi on the soil itself. As was summarized
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by A ugé (2004), mycorrhizal effects on plant drought
resistance and growth under water-stress conditions
may be mediated partially by the soil and extramatri-
cal mycelium, regardless whether or not the host plant
developed an association with the fungi. The author
reported that a mycorrhizal soil had a positive effect on
stomatal conductance of non-mycorrhizal plants.

AM extramatrical mycelium is known to influ-
ence soil aggregation by production and exudation
of glomalin and increase soil water potential in the
rhizosphere of AM plants (Bethlenfalvay and
Linderman, 1992). Extramatrical mycelium may
directly contribute to root water uptake (Hardie,
1985; Ruiz-Lozano etal. 1995) because the hy-
phae can enter the finest pores in soil and may increase
soil-to-root contact in drying soils (e.g. Fitter, 1985;
Davies etal. 1992). Although we did not examine
extramatrical mycelium at the study sites, the appear-
ance of high level of AM colonization in 1997 after
decreased level in 1996, allow us to conclude that AM
fungi were permanently present in the soil and aided
the root systems to uptake water from the dried soils.

The succession progress of the phytocoenosis
which determines H. arenarium interactions of with
other plants is also a factor influencing the density,
biomass and reproduction of the species. Twenty eight
vascular plant species were recorded in sample plots in
Fordon (population I), while in Losiny (population II)
only fifteen species were found (Sawilska, 2006;
2007; 2008). In both communities sandy everlasting
is not the only species that establish mutual symbiotic
relationships with AM fungi which may lead to plant
species competition for mycorrhizal partner.

Sandy everlasting specimens raised from
achenes sown into natural soil medium either aug-
mented with inoculum of Glomus intraradices BEG
87 or sterilized and then inoculated with the fungus
were decidedly stronger because of the symbiosis they
established with AM fungi (Tabs 5, 6). Positive influ-
ence of arbuscular fungi on the root system and shoots
of plants raised from seedlings or in vitro plantlets was
observed by many authors. Estrada-Luna and
Davies (2003) reported an increased concentration
of nitrogen, phosphorus, potassium and chlorophyll in
plant tissues, photosynthesis stimulation, an increase
in leaf area and biomass after soil inoculation with ar-
buscular fungi during adaptation of Capsicum annuum
plantlets. Other studies emphasized an increased sur-
vival rate and a faster growth of various plant species
with roots colonized by mycorrhizal fungi (Dolcet-
Sanjuan et al. 1996; Azcon-Aguilar and
Barea, 1997;Naqvi and Mukerji, 1998). The
transfer of phosphate, nitrogen and a number of trace
elements from the AM fungi to the plant is indicated
as probably the major effect of the symbiosis, however

the influence of AM fungi on host water relations and
drought physiology and resistance is also considered
as an effect of great importance.

CONCLUSIONS

1) The conducted studies confirmed that the ability of
H. arenarium to grow on sandy, acidic soils depends
heavily on the presence of arbuscular mycorrhizal
fungi and the symbiotic relationship that the plant
establish with them. The roots of sandy everlast-
ing from natural stands are permanently colonized
by mycorrhizal fungi, but the level of colonization
varies and depends on weather conditions.

2) Pluviothermal conditions at the generative phase
had a greater influence on H. arenarium reproduc-
tive processes than the level of AM colonization.
The increase in precipitation during the flowering
period increased the potential and actual fertility of
sandy everlasting and resulted in the highest pro-
duction of achenes per area unit in the populations
studied.

3) Arbuscular fungi promote the growth and develop-
ment of sandy everlasting at its early development
stages. Plants raised from achenes sown into a natu-
ral medium (sand) that was either previously inocu-
lated with the fungus Glomus intraradices BEG 87
or first sterilized and then inoculated have a stronger
root system and a greater photosynthetic area.
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Wplyw grzybéw mikoryzowych
na wzrost i rozwoj kocanek piaskowych
Helichrysum arenarium (L.) Moench

Streszczenie

W dwdch niezaleznych eksperymentach podda-
no ocenie znaczenie kolonizacji korzeni Helichrysum
arenarium przez grzyby mikoryzowe, dla wzrostu
i rozwoju roslin. W pierwszym doswiadczeniu badano
powigzanie stopnia kolonizacji korzeni z warunkami
pluwiotermicznymi okresu wegetacji i wiekiem na-
turalnej populacji rosliny. W drugim doswiadczeniu,
w warunkach kontrolowanych, analizowano wptyw
sztucznej inokulacji grzybem arbuskularnym Glomus
intraradices na cechy roslin pozyskanych z siewu
nietupek. Wykazano, ze warunki termiczno-wodne
w okresie kwitnienia kocanek piaskowych majg wigk-
szy wplyw na procesy reprodukcyjne niz wiek popu-
lacji (zaawansowanie sukcesji wtdérnej) oraz stopien
ich kolonizacji przez grzyby mikoryzowe. Duza ilos¢
opadéw w okresie rozwoju generatywnego roslin ko-
rzystnie wplywa na ptodnos¢ potencjalng i rzeczywi-
stg ramet. Obecnos¢ w podtozu grzyba arbuskularne-
g0 sprzyja wzrostowi i rozwojowi kocanek piaskowych
we wezesnych stadiach rozwojowych — majg one lepiej
wyksztatcony system korzeniowy i wigkszg powierzch-
ni¢ asymilacyjng.
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