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Abstract

In laboratory experiments carried out in the years 2000-2001, the influence of
asparagus infection by Asparagus virus 2 on mycelium growth of Fusarium oxysporum
and Rhizoctonia solani was evaluated.

Enrichment of the PDA medium with root exudates of asparagus seedlings in-
fected by the virus promoted mycelium growth of F. oxysporum and R. solani. The
enrichment of a water agar with exudates and sap of the asparagus seedlings in-
fected by the virus promoted germ tubes growth of F. oxysporum microconidia. The
exudates from asparagus seedling roots infected by the virus contained more
monosaccharides than the exudates of healthy plants.

Key words: asparagus, virus infection, Fusarium oxysporum, Rhizoctonia solani, in-
teraction

Introduction

The most serious of the asparagus diseases is the decline caused by complex
agents, among which the most important are soil fungi such as Fusarium oxysporum
Schlecht. f.sp. asparagi Cohen, other Fusarium species as well as Rhizoctonia solani Kühn.
Viruses are also agents of the decline. Virus diseases result in the plant weakness and
higher susceptibility to the fungal infection causing the decline (Evans and Stephens
1989, Pawłowski and Fiedorow 2001). A similar effect of the infection of plants by vi-
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ruses and fungi was reported earlier in the case of cucumber (Bateman 1961), pea
(Beute and Lockwood 1968) and lupin (Błaszczak and Weber 1979).

In exudates and sap from asparagus roots there are substances which can pro-
mote or inhibit the growth of microorganisms or seed germination of cultivated
plants and weeds (Yang 1982, Hazebroek et al. 1989, Miller et al. 1991).

The experiments performed in the years of 2000–2001 were aimed at evaluat-
ing the influence of sap and exudates from roots of asparagus seedlings infected by
Asparagus virus 2 (AV2) on the growth of fungi pathogenic to asparagus plants as
well as at investigating if there is any correlation between the possible influence
and the monosaccharide content in the roots.

Materials and methods

Preparation of asparagus seedlings for experiments

One-month-old asparagus seedlings of ‘Mary Washington’ cultivar, both free of
virus and infected by Asparagus virus 2, as well as fungi Fusarium oxysporum isolated
from asparagus and Rhizoctonia solani from wheat were used in the experiments.
Pathogenicity of R. solani to asparagus has been found in another study (Pawłowski
and Fiedorow 2001). Asparagus seeds have originated from the plants infected
with AV2 and from virus-free ones. The seeds from infected plants and separately
those from healthy plants disinfected in acetone with 0.5% of Benlate fungicide
were placed in a germinator covered with sterile filter paper. Seven-day-old seed-
lings were screened for the presence of AV2 by using Chenopodium murale L. test
plant. The biological test results allowed to use separately asparagus seedlings in-
fected by AV2 and seedlings free of the virus.

All experiments were run twice in laboratory conditions and the obtained re-
sults were statistically analysed by using Student’s t-test.

Preparation of sap and exudates from roots of asparagus seedlings

Source of the sap were roots of 30-day-old asparagus seedlings (16 seedlings healthy
and 16 seedlings infected with AV2) grown in a sterile germinator. 0.5 g of a root from
each seedling was taken. 2 g of roots from healthy or infected seedlings in 1 ml of sterile
water were ground in a mortar with a pestle and thus obtained liquid was a sap.

The exudates were prepared by growing asparagus seedlings in test tubes filled
with distilled water. 30-day-old asparagus seedlings (16 seedlings healthy and 16
seedlings infected with AV2) were placed separately on a cheese cloth located at the
upper part of a test-tube containing 10 ml of distilled and sterilised water. The liquid
originated from 14-day-old cultures, separately the one from healthy seedlings and
that from AV2-infected ones, was sterilised by filtering through a china filter.

Sap or exudates of four seedlings healthy or virus infected were taken for one
replicate.
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Estimation of the effect of sap and exudates from asparagus roots
as well as that of glucose on the linear growth of Fusarium oxysporum

and Rhizoctonia solani mycelia

PDA from Merck was used. The following ingredients were added to 40 ml of
the medium:

1 ml of sap from asparagus roots,
1 ml of exudates from roots,
1 ml of 2% glucose aqueous solution.

The PDA in a control treatment did not contain any addition.
PDA medium without or with additions was poured into Petri dishes of 9 cm in

diameter in the amount of 10 ml per dish. Four replicates with four Petri dishes in
each of them were used in each treatment. The medium was inoculated by placing
a 6 mm agar disk overgrown with one of the two mycelia. Petri dishes were incu-
bated in a thermostat at 20°C. Fungal colony diameter was measured along two
perpendicular lines after two, four, six and eight days of incubation.

Estimation of the effect of sap and exudates from asparagus roots
as well as that of glucose on Fusarium oxysporum microconidia germ tube

growth

Microconidia germ tube growth was evaluated in 1% water agar to which aspara-
gus root sap, root exudates or glucose, were added, respectively, in such amounts as
those mentioned when describing the experiments on mycelium growth on PDA.
One drop of water suspension of microconidia with 1000 spores in 1 ml was put in
the middle part of each Petri dish and mixed with 10 ml of water agar at 40°C.

Four replicates with four Petri dishes in each of them were used in each treat-
ment. Inoculated Petri dishes were incubated for 18 h at 20°C. Then the length of
50 germ tubes of microconidia were measured.

Determination of monosaccharide content in the sap and exudates
from roots of asparagus seedlings

Monosaccharide content in the sap from roots was determined in 30, 31, 32, 33
and 34-day-old asparagus seedlings. Five healthy and five AV2-infected seedlings
were analysed for each age of the seedlings. 0.5 g of each plant root was ground
with 1.5 ml of water in a cooled mortar with the pestle. The obtained sap was cen-
trifuged at 15 000 rpm for 15 min. Supernatant was used for further analyses.

Exudates were analysed three times: after 14, 21 and 35 days from placing as-
paragus seedlings in water. Each time all water was used for the determination of
monosaccharide content and fresh sterilised distilled water was added to each test
tube. Monosaccharide content was determined always for 20 healthy seedlings and
20 AV2-infected ones.

The determination of monosaccharide content was performed by modified
anthrone method by addition of 0.2 g of anthrone to 100 ml of concentrated H2SO4.
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1 ml of sap or exudates from roots was added to the test tube containing 2 ml of the
cooled reagent and then heated (while gently stirring) in a water bath at 90°C for 14
min. In a control treatment the reagent was mixed with distilled water. After cooling
down, the determination of monosaccharides in solutions was performed on a
Spekol spectrophotometer at 620 nm wavelength. Monosaccharide content (mg/ml)
was calculated by using standardisation curve prepared for glucose.

Results

The effect of sap and exudates from asparagus roots
as well as that of glucose on the linear growth of Fusarium oxysporum

and Rhizoctonia solani mycelia

The addition of root sap from AV2-infected asparagus to PDA stimulated F.
oxysporum mycelium growth during the first two days, whereas inhibited it during
the next six days.

In the case of R. solani, the mycelium growth was inhibited for six days of the ex-
periment by the addition of sap both from healthy plants and from those infected
by AV2 (Table 1). Exudates have stimulated the linear mycelium growth to a
higher extent than the sap from asparagus roots. The stimulation of mycelium
growth was stronger in the presence of exudates from virus-infected plants than in
that from healthy plants. In the case of four-, six- and eight-day-old cultures, the
diameter of fungi colonies grown on PDA with exudates from AV2-infected plants
was significantly larger than that of colonies grown on PDA without or with
exudates of healthy plants. The stimulation of mycelium growth by the exudates
from plants infected with AV2 was similar to that caused by glucose (Table 2).
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Table 1
Fusarium oxysporum and Rhizoctonia solani mycelium linear growth on PDA
supplemented by root sap from asparagus seedlings, healthy and infected

by Asparagus virus 2

Fungus Medium
Diameter of fungi colonies (mm)

after 2 days after 4 days after 6 days after 8 days

Fusarium oxysporum PDA 18.5 a 48.0 b 72.6 b 84.0 b

PDA + sap from healthy plants 18.9 a 45.3 a 69.7 ab 78.5 a

PDA + sap from plants infected
by AV2

21.1 b 47.2 ab 69.2 a 76.2 a

Rhizoctonia solani PDA 17.1 b 37.6 b 57.4 b 73.4 a

PDA + sap from healthy plants 14.8 a 34.1 a 52.1 a 69.2 a

PDA + sap from plants infected
by AV2

14.3 a 33.1 a 51.8 a 68.3 a

In columns, separately for each fungus, means followed by the same letters are not significantly dif-
ferent at 0.05% level.



The effect of sap and exudates from asparagus roots as well as that
of glucose on Fusarium oxysporum microconidia germ tube growth

Fusarium oxysporum microconidia germ tube growth was significantly faster on
agar with sap from plants infected with AV2. The sap from seedlings of healthy
plants did not significantly affect the germ tube growth during 18 h after its addi-
tion (Fig. 1).

The addition of exudates from the seedling roots infected by AV2 has stimu-
lated F. oxysporum microconidia germ tube growth, whereas that of exudates from
healthy seedlings has not influenced the germ tube growth. The exudates from
roots of infected seedlings and glucose have shown a similar effect on the growth
of germ tubes (Fig. 2).

Monosaccharide content in the sap and exudates from roots
of asparagus seedlings

The content of monosaccharides in the sap from asparagus roots varied in a
wide range and usually was higher in the sap from infected plants than in that from
healthy ones (Table 3).

Monosaccharide content in the exudates from asparagus seedlings infected by
AV2 was higher than in the exudates from healthy seedlings, irrespectively of the
age of the seedlings and the period of time for which the exudates were collected
(Table 4).
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Table 2
Fusarium oxysporum and Rhizoctonia solani mycelium linear growth on PDA

supplemented by root exudates from asparagus seedlings, healthy
and infected by Asparagus virus 2, as well as by glucose

Fungus Medium
Diameter of fungi colonies (mm)

after 2 days after 4 days after 6 days after 8 days

Fusarium oxysporum PDA 21.0 a 37.3 a 60.8 a 81.6 a
PDA + exudates from healthy
plants

21.3 a 39.9 b 62.9 ab 82.2 a

PDA + exudates from plants
infected by AV2

23.8 b 41.9 bc 64.9 ab 89.5 b

PDA + glucose 24.4 b 44.2 c 69.8 b 89.3 b

Rhizoctonia solani PDA 23.7 b 37.1 ab 64.3 a 82.8 a
PDA + exudates from healthy
plants

21.5 a 36.3 a 64.7 a 82.9 a

PDA + exudates from plants
infected by AV2

24.6 b 39.8 b 67.8 b 90.0 b

PDA + glucose 24.0 b 44.1 c 69.2 b 89.6 b

In columns, separately for each fungus, means followed by the same letters are not significantly dif-
ferent at 0.05% level.
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Fig. 2. The influence of root exudates from asparagus seedlings, healthy and infected by Asparagus
virus 2, as well as that of glucose on Fusarium oxysporum microconidia germ tube growth. Separately

for each experiment, means followed by the same letter are not significantly different at 0.05% level

Fig. 1. The influence of root sap from asparagus seedlings, healthy and infected by Asparagus virus 2
on Fusarium oxysporum microconidia germ tube growth. Separately for each experiment, means

followed by the same letter are not significantly different at 0.05% level



Discussion

Results of the study indicate that the root exudates from the asparagus seed-
lings infected by AV2 stimulate the growth of fungi which are causal agents of as-
paragus decline. The growth of both F. oxysporum and R. solani mycelia and the
growth of F. oxysporum microconidia germ tubes were faster on a substrate with
root exudates from asparagus seedlings infected with AV2 than in the case of
healthy ones.

Evans and Stephens (1989), Pawłowski and Fiedorow (2001) have found that
asparagus infection by viruses Asparagus virus 1 and Asparagus virus 2 can stimulate
its infection by Fusarium and Rhizoctonia genus fungi. The reason of that can be
physiological changes in the plant caused by the virus infection which results in
changes of the composition and concentration of compounds produced in the plant
tissues and root exudates which affect the germination of spores or mycelium
growth. According to Curl (1982), in root exudates such organic compounds can
occur as organic acids, flavonoids, glycosides, enzymes, vitamins, auxins, sapo-
nins, substances attracting nematodes as well as those influencing the germination
of fungi spores.

Changes in the chemical composition of root exudates from plants infected by
viruses can play an important role in their infection by fungi. The addition of sub-
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Table 3
Monosaccharide content in root sap from asparagus seedlings,

healthy and infected by Asparagus virus 2 (mg/g of tissue)

Seedlings
30 31 32 33 34

Mean
days after germination

Healthy 12.9 18.1 12.3 11.1 9.2 12.7 a

Infected by AV2 16.7 20.4 20.2 11.6 16.3 17.0 b

Means followed by different letters are significantly different at 0.05% level.

Table 4
Monosaccharide content in root exudates from asparagus seedlings,

healthy and infected by Asparagus virus 2 (mg/ml)

Seedling age
(days)

Time of exudate collection
(days)

Seedlings

healthy infected by AV2

30–44 14 5.1 a 10.6 b

45–51 7 5.9 a 8.8 b

52–65 14 6.4 a 10.4 b

Mean 5.8 a 9.9 b

Means followed by different letters are significantly different at 0.05% level.



stances eluted from roots of pea plants infected by bean yellow mosaic virus to a
substrate has stimulated the infection of plants by F. solani (Mart.) Sacc. f.sp. pisi
(Jones) Snyder et Hansen. The substances from the infected plants included carbo-
hydrates, amino acids and other organic acids in the amount higher than that
found in healthy plants (Beute and Lockwood 1968). Root exudates from aspara-
gus infected by virus are also richer in carbohydrates than exudates from healthy
plants (Evans and Stephens 1989).

We have also found that root exudates from asparagus plants infected by AV2
contain more monosaccharides than those from healthy ones. The influence of
root exudates from seedlings infected by AV2 on the linear growth of F. oxysporum
and R. solani mycelia as well as F. oxysporum microconidia germ tube growth was
similar to that of glucose added to the substrate for fungi growth.

The results presented in this study indicate that the release of considerable
quantities of monosaccharides by roots of asparagus seedlings to the substrate is
one of the factors causing higher infection by F. oxysporum and R. solani of the plants
infected by the virus. Asparagus root saps, from healthy plants and infected by AV2
inhibited growth of R. solani mycelium. The sap of the plants infected by AV2 has
stimulated the growth of F. oxysporum during the first two days and then inhibited
it. The same situation was observed in the case of the sap from healthy plants. It
was probably due to the presence of inhibitors in the sap.

Yang (1982) has found that asparagus contains substances inhibiting the ger-
mination of seeds. One of them is caffeinic acid which was found in the extract
from asparagus roots (Miller et al. 1991). Allelopatic substances present in aspara-
gus roots inhibited the germination of vegetable seeds and further growth of seed-
lings (Hazebroek et al. 1989). The substances also inhibited the development of
fungi and bacteria. Asparagus sap is also capable of inhibiting the infectiousness of
viruses which is the reason for difficulties in mechanical inoculation of asparagus
plants with viruses (Biskup 1997).

On the other hand, the addition of sap and exudates from asparagus seedling
roots infected with AV2 to agar has stimulated the growth of microconidia germ
tubes of F. oxysporum. Since the estimation of germ tube growth was performed af-
ter a short period of time, the inhibiting effect of some substances was not notice-
able, however, the microconidia benefited from the additional amount of
monosaccharides contained by PDA. The effect of monosaccharides present in the
sap and exudates was similar to that of glucose which indicates that mono-
saccharides play an important role in the stimulation of germ tube growth.

Summary

In the years of 2000–2001 laboratory experiments were carried out, aimed at
finding if the infection of plants by Asparagus virus 2 can make plants more suscepti-
ble to the infection by pathogenic soil fungi Fusarium oxysporum and Rhizoctonia
solani. Exudates or sap from one-month-old asparagus seedlings (healthy or vi-
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rus-infected ones) were added to a PDA medium which then served for the devel-
opment of mycelium of the both fungi, which are pathogenic to asparagus, for
eight days. On the other hand, the growth of microconidia germ tubes of F. oxyspo-
rum was performed on agar supplemented by exudates or sap from asparagus.

Exudates from roots of asparagus seedlings infected by Asparagus virus 2 stimu-
lated the growth of F. oxysporum and R. solani mycelia as well as the growth of
microconidia germ tubes of F. oxysporum to a higher extent than exudates from
roots of virus-free seedlings.

The stimulating effect of the sap from roots of asparagus seedlings was consid-
erably weaker than that of exudates and as concerns R. solani it inhibited the
growth of mycelium.

On the ground of monosaccharide content determination by the anthrone
method, it was found that the content of the above sugars in the sap and particu-
larly in exudates from roots of virus-infected asparagus seedlings was higher than
in the sap and exudates from roots of virus-free plants.

Streszczenie

WPŁYW WYDZIELIN I SOKU KORZENI SZPARAGA (ASPARAGUS
OFFICINALIS) ZAKAŻONYCH PRZEZ ASPARAGUS VIRUS 2 (AV2)

NA WZROST PATOGENICZNYCH GRZYBÓW GLEBOWYCH

W latach 2000–2001 przeprowadzono badania laboratoryjne, których celem
było sprawdzenie, czy zakażenie roślin szparaga przez Asparagus virus 2 sprawia, że
rośliny te są bardziej podatne na infekcje powodowane przez patogeniczne grzyby
glebowe Fusarium oxysporum i Rhizoctonia solani. Wydzieliny lub sok korzeni jedno-
miesięcznych siewek szparaga, odpowiednio – zdrowych lub zakażonych przez wi-
rus, dodawano do pożywki PDA, na której następnie przez osiem dni hodowano
grzybnię obu patogenicznych dla szparaga grzybów. Z kolei na agarze z dodatkiem
wydzielin lub soku szparaga wykonano kiełkowanie zarodników F. oxysporum.

Wydzieliny korzeni siewek szparaga zakażonych przez Asparagus virus 2 stymulo-
wały wzrost grzybni F. oxysporum i R. solani oraz wzrost strzępek kiełkowych mikro-
konidiów F. oxysporum bardziej niż wydzieliny korzeni siewek wolnych od wirusa.

Sok z korzeni siewek szparaga miał wyraźnie słabsze działanie stymulujące niż
wydzieliny, a w stosunku do R. solani wykazał działanie hamujące wzrost grzybni.

Za pomocą metody antronowej wykazano, że w soku, a szczególnie w wydzieli-
nach korzeni siewek szparaga zakażonego przez wirus, znajdowało się więcej cu-
krów prostych niż w soku i wydzielinach korzeni roślin wolnych od wirusa.
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