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Abstract

Field studies on the health of American ginseng cultiva-
ted in the Lublin district on poor sandy soil were conducted in the
years 2004-2006. The studies involved treatment combinations
with irrigation and without irrigation as well as foliar fertiliza-
tion with Alkalin PK and Resistim of American ginseng plants.
Mycological analysis was made of diseased ginseng parts with
the aim of determining the quantitative and qualitative compo-
sition of fungi-like organisms and fungi threatening the cultiva-
tion of this plant.

Fungi from the genera of Cylindrocarpon, Fusarium and
the following species Alternaria alternata, , Rhizoctonia sola-
ni, Sclerotinia sclerotiorum, as well as fungi-like organisms:
Pythium irregulare and Phytophthora sp., were isolated from
the infected parts of ginseng. The smallest number of fungi was
isolated from the plants growing on the plots without irrigation
and those where foliar application with Alkalin PK was applied.

Key words: ginseng, fungi, fungi-like organisms, irrigation,
foliar fertilization

INTRODUCTION

Poland is an important producer of herbs, both
for the Polish market and for export (every year,
the total production of raw material is over 26,000
tons) (Lutomski, 1999). Production of medicinal
plants is likely to increase in the nearest future. Her-
baceous plants are used in medicine, both in fresh
form and as dried material. Increased consumption
of these plants results from the biologically acti-
ve substances produced by them, namely flavono-
ids, anthocyanins, antra-compounds, alkaloids, po-
lyphenols or tannins. These substances have been
used in treating a number of ailments, for example:

respiratory and circulatory systems, the alimenta-
ry tract, urinary tracts and cancers (Berbe¢, 1999;
Dureja et al. 2003). Nowadays, American ginseng
(Panax quinquefolium L.) is commonly used in al-
ternative medicine and in the cosmetic industry. Gin-
seng is a perennial plant whose roots (Panax Radix)
are collected as raw material after 4-6 years of culti-
vation (Koztowski, 1993). In the pharmaceuti-
cal industry, this plant is used in fresh or dried form
(Stelmach, 1998). Due to the long cultivation pe-
riod required to obtain herbal raw material from this
plant suitable for production purposes and the plant’s
specific requirements (permeable soil rich in humus,
pH 5.5-6.0, the necessity of mulching and shading)
(Berbeé¢ and Dziedzic, 1996; Dziedzic,
1998), there is a big danger of ginseng plants being in-
fected by pathogenic factors. AccordingtoPi¢ta and
Berbec¢ (1995); Pigta (1997); Pastucha and
Kotodziej (2005; 2007a,b), in the area of south-
eastern Poland, American ginseng is most frequently
infected by Alternaria alternata, Rhizoctonia solani,
Fusarium spp. and Cylindrocarpon spp. and Pythium
spp., Phytophthora sp.

The purpose of the present study was to deter-
mine the quantitative and qualitative composition of
fungi threatening ginseng plants after the application
of irrigation and foliar fertilization.

MATERIALS AND METHODS

A field experiment was conducted in the years
2004-2006 at Trzciniec near Chodel (Lublin district)
on soil with the mechanical composition of poor loamy
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soil. The soil was characterized by acidic reaction, i.e.
pH 5.08 and a low content of phosphorus (25.3 mgxkg
! of soil), potassium (41.53 mgxkg™!' of soil) and a very
low amount of magnesium (0.9 mgxkg' of soil). Stra-
tified seeds of ginseng were sown in autumn 2003 on
raised beds at a row spacing of 15 cm x 5 cm, on 2m?
plots in three replicates. Before seed sowing, phospho-
rus-potassium fertilization was applied in an amount
of 120 kg Pxha and 240 kg Kxha'!. During the plants’
growth, 40 kg Nxha'! and 20 kg Mgxha' were used
in early spring each year. Besides, the plots were
mulched with oat straw, shaded with a polypropylene
net letting in 25% of sunshine and, when necessary,
they were manually weeded. Every year, foliar ferti-
lization was used in the form of high-alkaline Alka-
lin PK 5:25 (Intermag, Poland; at a dose of 2 1xha!in
600 1 of water) or Resistim® (Mandops Lim. UK; in
dose 3 Ixha'in 300 1 of water), comparing the effects
with the control plants which were sprayed with clean
water. Every successive year of vegetation, the plants
were sprayed in the form of low volume spray with
100 ml Alkalin or 50 ml Resistim per plot. The plants
were sprayed with a manual sprayer three times (2, 16
and 30 June). Additionally, the experiment determi-
ned the effects of drip irrigation with t-Tapes dug at a
depth of 40 cm before setting up the plantation. Irriga-
tion was begun in the first year of vegetation and was
repeated for 3 successive years in the period between
May and September with 7-day intervals (a single dose
of water — 15 mlxm?).

Six following combinations were considered,

namely:

1 — control plants, irrigated without any fertili-
zation

2 — irrigated plants and fertilization with Re-
sistim

3 — irrigated plants and fertilization with Alka-
lin PK

4 — control plants without any irrigation or fer-
tilization

5 — plants without any irrigation but fertilized
with Resistim
6 — plants without any irrigation but fertilized
with Alkalin PK
During the experiment, i.e. in the second
10-day period of July, field observations were perfor-
med on particular plots. Plant density and the propor-
tion of plants with disease symptoms were calculated
each time. Ginseng plants with necrotic spots on the
roots and leaves were considered diseased. Every year,
5 plants with disease symptoms were taken from par-
ticular experimental combinations. Those plants were
subjected to laboratory mycological analysis which
was carried out according to the method described by
Pieta andBerbe¢ (1995).

RESULTS

The field observations pointed to a differen-
tiated effect of irrigation and foliar fertilization with
Alkalin PK or Resistim on the number and health of
ginseng plants in particular experimental combinations
(Fig. 1). It was shown that the lowest plant density with
the greatest proportion of infected plants characterized
the control plots (Fig.1). The most plants, with the
smallest proportion of those with disease symptoms,
were found on the plots after the application of Alkalin
PK, both in the combinations with irrigation of ginseng
plants and without it (Fig. 1).

During mycological analysis of the infec-
ted ginseng plants in 2004, 415 colonies of diffe-
rent fungi and fungi-like species were isolated (Tab-
le 1). Of all isolated species, the most fungi isolates
were obtained from the plants growing on irrigated
plots, especially from the control combination (Tab-
le 1). Species of the genus Fusarium were found
among the fungi potentially pathogenic to the in-
fected parts of ginseng. They were represented by
F. culmorum, F. oxysporum, F. poae and F. solani.
The colonies of these fungi were much more freque-
ntly isolated from plants growing on irrigated plots,
mainly from the control plots and after using Resistim,
as compared to the other experimental combinations
(Table 1). Besides, Alternaria alternata, Cylindrocar-
pon destructans, Rhizoctonia solani and Sclerotinia
sclerotiorum as well as cultures of Pythium irregulare
were isolated. Isolates of those species were most fre-
quently obtained from the infected ginseng plants ta-
ken from irrigated plots, mainly from the control plants
(Table 1). Saprotrophic species, represented by Clado-
sporium cladosporioides, Mucor hiemalis, Penicillium
purpurogenum, Trichoderma harzianum and Tricho-
derma koningii, were also isolated from necrotic parts
of the studied parts.

In the second year of the study, 584 colonies
of fungi and fungi-like organisms belonging to dif-
ferent species were obtained from the analyzed parts
of ginseng (Table 2). The highest number among all
isolates was obtained from the plants taken from con-
trol plots, both those irrigated and not irrigated ones
(Table 2). Potentially pathogenic species from the ge-
nera of Cylindrocarpon and Fusarium as well as Al-
ternaria alternata, Rhizoctonia solani and cultures of
Phytophthora sp. were often obtained from the infec-
ted parts of ginseng. The genus Fusarium proved to
be dominant, and it was represented by F. culmorum,
F. oxysporum and F. solani (Table 2). The greatest
number of fungi species of this genus was isolated
from the studied parts of control plants, both from the
combination with irrigation and without it. As regar-
ds the plants from the plots without any irrigation but
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after the application of Alkalin, F. oxysporum , F. so-
lani, Phytophthora sp. and Rhizoctonia solani were not
isolated, while the other species of the obtained micro-
organisms were isolated in a higher number from the
studied plants taken from the irrigated plots, mainly

the control ones (Table 2). The following saprotrophic
fungi were obtained: Penicillium spp., Trichoderma
spp., Acremonium strictum, Cladosporium cladospo-
rioides, Humicola grisea, Mucor hiemalis, Rhizopus
nigricans and Talaromyces flavus (Table 2).
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Fig. 2. Potential pathogenic fungi and fungi-like organisms isolated from infected ginseng plants in the years 2004-2006
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The mycological analysis conducted in 2006
gave 379 colonies of different fungi and fungi-like spe-
cies (Table 3). The greatest number of such isolates was
obtained from the plants collected on irrigated plots.
Species of the genus Fusarium were isolated from the
infected ginseng plants, except of F. solani. Cultures
of this fungus were not isolated from infected stem ba-
ses in two experimental combinations after the appli-
cation of Alkalin PK. Isolates of Fusarium spp. were
most frequently obtained from the plants from irriga-
ted plots, mainly from the control (Table 3). Besides,
such species as Alternaria alternata, Cylindrocarpon
destructans, Rhizoctonia solani and fungi-like microor-
ganisms, i.e. Pythium irregulare and Phytophthora sp.
(Table 3), were also obtained from the plants, but not
in each combination. Saprotrophic fungi such as Mucor
Spp., Penicillium spp., Trichoderma spp. Cladosporium
cladosporioides and Rhizopus nigricans were also ob-
tained from the sampled plants (Table 3).

The three-year mycological study of infected
ginseng plants showed that species of the genus Fusa-
rium were most frequently isolated from all combina-
tions (Fig. 2). F. oxysporum turned out to be dominant,
especially with respect to the plants taken from con-
trol plots. Fusarium solani and Fusarium culmorum
were also frequently obtained from the studied plant
material (Fig. 2). The smallest number of fungi and
fungi-like organisms that were potentially pathogenic
was isolated, in the course of three years of the study,
from infected ginseng plants sampled from non-irriga-
ted plots, after foliar application of Alkalin PK (Fig. 2;
Tables 1, 2, 3).

DISCUSSION

The studies conducted by the present authors
provided information on microorganisms colonizing
diseased ginseng plants after the application of irriga-
tion and foliar fertilization. Numerous disease symp-
toms observed on plants in the form of necrosis of
the root and stem base, frequently together with the
softening of the plant tissues, were probably caused
by fungi from the genera of Fusarium, Cylindrocar-
pon, Rhizoctonia solani, Sclerotinia sclerotiorum
and fungi-like organisms from the soil-borne genera
of Pythium and Phytophthora. The abovementioned
microorganisms are frequently described in literature
as pathogens of underground plant parts, capable of
causing the symptoms described above (Parke and
Shotwell, 1989; Mitchell and Kannwis-
cher—Mitchell,1992;Li andUtkhede, 1993;
Nicol etal.2003;Mahfuzur andPunja,?2005).
Introducing irrigation to the ginseng cultivation tech-
nology probably had a positive effect on the growth
and development of certain pathogens, especially the

fungi-like organisms from the genera of Pythium and
Phytophthora as well as the species of Rhizoctonia so-
lani. This is confirmed by the studies by Parke and
Shotwell (1989) and Davis and Shoemaker
(1999); Yeoung etal. (2004) who showed that with
high humidity of the subsoil, and especially with ir-
rigation and poor air circulation, numerous zoospores
of Pythium spp. and Phytophthora sp. are formed in
a very short time. Those spores infect the plant parts
which have contact with the soil. The roots infected
by fungi-like organisms are subject to soft rot (Pi¢ta
and Berbe¢, 1995). High humidity is also conducive
to the growth of R. solani biomass, which was reflected
in the present study since that fungus colonized main-
ly the diseased parts of ginseng in the combinations
with irrigation. Fungi-like organisms, i.e. Pythium spp.
and Phytophthora sp. as well as the species of R. so-
lani pose a big threat not only to ginseng cultivated in
eastern Poland but also in the United States of North
America Mitchell and Kannwischer-Mit-
chell, 1992; Davis and Shoemaker, 1999)
and Bulgaria (Bayen et al. 2003).

Isolation of the species of Cylindrocarpon in
each year of the study confirmed earlier observations
madebyPig¢ta andBerbec¢ (1995); Pigta (1997)
as well as Pastucha and Kotodziej (2007a,
b) on the occurrence of this fungi on the roots of gin-
seng cultivated in the region of Lublin. According to
(Domsch and Gams, 1970; Punja, 1997; M a-
hfuzur and Punja, 2005), fungi of this genus oc-
cur quite commonly in cultivated soil, causing root
necrosis of a lot of host plants. In the soil, they live as
saprophytes in the form of chlamydospores. Bruehl
(1975) includes Cylindrocarpon spp. in the pioneers
infecting the roots of the plant under discussion. Li-
terature provides abundant information on the occur-
rence of fungi of this genus in ginseng cultivation of
other countries (Reeleder andBrammall, 1994,
Axelrood etal. 1998; Hausbeck, 2004; Mah -
fuzur and Punja, 2005). The above information
and the common isolation of Cylindrocarpon spp. in
the present study are evidence of high harmfulness of
these fungi to ginseng plants in the Lublin area.

Frequent isolations of fungi from the genus
Fusarium can point to their considerable harmfulne-
ss to the analyzed parts. It is known from literature
that particular species of Fusarium spp. (F. culmo-
rum, F. oxysporum, F. solani) cause fusariosis wilt,
seedling rot, and rot of the roots, fruits and seeds
(Booth, 1971; Kwasna et al. 1991; Filoda et
al. 1998; Machowicz—Stefaniak et al. 2002;
Machowicz—Stefaniak and Zalewska,
2004; Mazur and Szczeponek, 2005). Those
fungi were already isolated from the infected parts of
ginseng in earlier studies conducted by Pig¢ta and
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Berbe¢ (1995); Berbeé¢ and Dziedzic (1996);
Pieta (1997), Pastucha and Kotodziej
(2005, 2007a). Besides, the occurrence of Fusarium
spp. on ginseng is especially harmful due to the fact
that these fungi produce numerous toxic metabolites
(Goswami etal. 2008; Punja et al. 2008). In the
studied conditions, irrigation and the long period of
cultivation on the same field, which caused accumu-
lation of infectious factors in the soil, are likely to fa-
vour the development of fusariosis on ginseng (Pun -
ja, 1997). It should then be supposed that, with many
years of ginseng cultivation and irrigation, favourable
conditions for the development of various pathogenic
factors occurred. These include especially Rhizoctonia
solani and fungi-like organisms, i.e. Pythium spp. and
Phytophthora sp., which were isolated from ginseng
plants showing disease symptoms. The reduced occur-
rence of pathogenic microorganisms after the applica-
tion of Alkalin PK justifies considering it to be more
suitable on ginseng plantations than Resistim. Studies
conducted by Kotodziej (2008) also proved that
foliar fertilization in the form of Alkalin PK in gin-
seng cultivation improved plant growth, resulted in
an increase in the weight of roots, stems and leaves
and increased the production of fruit and seeds. Besi-
des, high pH of Alkalin effectively limited the deve-
lopment of fungi which prefer an acidic environment
(Jabtonski, 2007). On the other hand, the weaker
effect of Resistim was probably caused by the fact
that, with high accumulation of pathogenic factors in
the studied cultivation environment of the plants, the
biostimulating fertilizer Resistim was not able to indu-
ce the natural plant resistance mechanisms fast enough
(http : / www.ho.haslo.pl/article.php.2086).

CONCLUSIONS

1. The conditions of plant growth in particular exper-
imental combinations affected the differentiation in
the qualitative and quantitative composition of fun-
gi and fungi-like organisms colonizing the diseased
parts of ginseng.

2. The fact that the largest populations of microorga-
nisms were obtained from the experimental combi-
nation in which plant irrigation was applied is evi-
dence of its positive effect on the development of
potential plant pathogens.

3. Frequent isolation of fungi from the genera of Fu-
sarium, Cylindrocarpon, Rhizoctonia solani and
fungi-like organisms from the genera of Pythium
and Phytophthora from the diseased ginseng plants
testifies to their big harmfulness towards this plant.

4. The observed positive effect of spraying with Alka-
lin PK on the health of ginseng justifies recommen-
ding the application of this fertilizer in the cultiva-
tion of this plant.
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Wplyw nawadniania i nawozenia dolistnego
na zasiedlanie chorych organéw
zenszenia (Panax quinquefolium L.)
przez rézne mikroorganizmy

Streszczenie

W latach 2004-2006 przeprowadzono badania
polowe nad zdrowotnoscig Zefi-szenia pigciolistnego
uprawianego w wojewddztwie lubelskim, na stabej gle-
biepiaszczystej. Wbadaniachuwzglednionokombinacje
z nawadnianiem i bez nawadniania ros$lin oraz z na-
wozeniem dolistnym preparatami Alkalin PK lub Re-
sistim. Z kazdej kombinacji do§wiadczenia pobierano
do laboratoryjnej analizy mikologicznej chore rosliny
zef-szenia, celem ustalenia sktadu ilosciowego i jakos-
ciowego organizmow grzybopodobnych i grzybéw,
zagrazajacych uprawie tej rosliny.

Z porazonych organdw Zef-szenia czesto wy-
osabniano grzyby z rodzajéw Cylindrocarpon, Fusa-
rium, gatunki Alternaria alternata, Rhizoctonia solani
i Sclerotinia sclerotiorum oraz organizmy grzybopo-
dobne Pythium irregulare i Phytophthora sp. Naj-
mniej kolonii tych mikroorganizméw wyizolowano
z roslin wzrastajacych na poletkach bez nawadniania
i po zastosowaniu nawozenia dolistnego Alkalinem.
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