
Abstract The medicinal plants Spilanthes calva and
Withania somnifera were inoculated with Piriformo-
spora indica, a plant growth-promoting root endophyte,
in nurseries and subsequently transferred to the field. A
significant increase in growth and yield of both plant
species was recorded relative to uninoculated controls.
Shoot and root length, biomass, basal stem, leaf area,
overall size, number of inflorescences and flowers and
seed production were all enhanced in the presence of the
fungus. Net primary productivity was also higher than in
control plants. The results clearly indicate the commer-
cial potential of P. indica for large-scale cultivation of
S. calva and W. somnifera.
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Introduction

The potential of arbuscular mycorrhizal (AM) fungi for
growth promotion of plants has been well established
(Azcon-Aguilar et al. 1994; Bagyaraj and Varma 1995;
Fortuna et al. 1992; Gianinazzi et al. 1990; Morte et al.
1996; Varma 1995, 1998, 1999; Varma and Schuepp
1995). However, there are only few reports of the en-
hancement of growth by in vitro culturable endophytes
(Dix and Webster 1995; Schulthess and Faeth 1998).
Piriformospora indica has been characterized as a plant
growth-promoting, root-colonizing fungus (Blechert et
al. 1999; Franken et al. 1998; Singh et al. 2000; Varma
et al. 1999; Verma et al. 1998). This axenically cultura-
ble fungus resembles AM fungi in several functional and

physiological characteristics (Singh et al. 2000; Varma
et al. 1999, 2001). It improves the growth and biomass
of a wide host range and is an efficient phosphate solu-
bilizer and transporter (Sudha et al. 1998; Varma et al.
2001). Like AM fungi, P. indica does not colonize the
roots of members of Crucifereae or the Myc- mutants of
soybean (Glycine max) and pea (Pisum sativum) (Singh
2001). More than 90% of the micropropagated plantlets
of tested hosts treated with the fungus survive on trans-
fer from laboratory to open field conditions (Sahay and
Varma 1999, 2000) due to callus differentiation and ex-
cessive root proliferation. The fungus also protects the
plantlets from some potent root pathogens (Varma et al.
2001).

Spilanthes calva DC and Withania somnifera Dunal
are important tropical medicinal plants commonly used
in ayurveda (Indian natural therapy) and other tradi-
tional systems of medicine (Bhargava and Singh 1978; 
Dey 1980; Sahni and Srivastava 1993; Sankaran 1984;
Tripathi et al. 1996). W. somnifera is also known as Indi-
an Ginseng and belongs to the family Solanaceae. More
than 91 pharmaceutical products are produced from the
roots of this plant. S. calva, a member of Asteraceae, is
also a medicinal herb, known as “toothache plant” or
“virus blocker”, and is well-known for enhancing immu-
nity. Because of their high medicinal value, there is an
increasing demand for these plants in national and inter-
national markets. Thus, enhancement of the growth and
bioactive agents of these plants is desirable. This may be
achieved by inoculation of the roots with microorgan-
isms like AM fungi or other growth-promoting endo-
phytes.

The main objective of the present study was to evalu-
ate the influence of P. indica on the growth and morphol-
ogy of S. calva and W. somnifera after transplanting from
nursery to field conditions.M. Rai · D. Acharya
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Materials and methods

Germplasm of medicinal plants

Seeds of S. calva and W. somnifera were provided by Shrinath
Agrawal, a local medicinal plant grower of Chhindwara, Madhya
Pradesh, Central India.

Inoculum

The fungus was maintained on Kaefer medium (Kaefer 1977).
Broth cultures were inoculated with agar fungal discs and incubat-
ed at 30±2°C under constant shaking conditions (100 rpm) in the
dark for 10 days. Fungal mycelium was harvested and washed
several times with sterile water. About 10 g surface-sterilized (2%
sodium hypochlorite for 10 min; Verma et al. 1998) seeds of S.
calva and W. somnifera were mixed with a mechanically homoge-
nized culture of P. indica in sterile water. The inoculum was ap-
plied at 1% w/w of seed. The technique of inoculation was as de-
scribed earlier (Varma et al. 1999).

Nursery bed preparation

Eight nursery beds (5×1 m2) were prepared at Choubitker Farm,
Chandangaon, Chhindwara, Central India. The nursery bed soil
was prepared by adding a mixture of soil: sand: farmyard manure
(3:1:1). The soil mixture was disinfected with 1% formalin for
48 h and left for 5 days to aerate to eliminate excess formalin.

Seed sowing and plant maintenance

Piriformospora indica-treated and untreated seeds were sown in
furrows in the nursery beds. The seeds of S. calva were shallow
sown as they generally do not germinate or only slowly when deep
sown. In the case of W. somnifera, a 0.5-cm layer of soil was added
after broadcasting the seeds. Two-week-old seedlings were trans-
ferred to a nearby non-disinfected field with brown sand-loam soil,
pH 7.3, with N, P and K at 38.2, 1.8 and 51.5 g/m2, respectively.
P. indica at a density of 50 mg/ml mycelia (fresh weight) was rein-
oculated along the juvenile roots, thus providing inoculum to the
plants at two stages: at the time of sowing (in nursery beds) and at
seedling transfer to the field trial site. Control seeds and seedlings
were treated with an amount of autoclaved mycelium equal to that
used for inoculation. The plants were irrigated on alternate days
and weeds were hand eradicated periodically.

Data and sample collection

The shoot length, stem diameter, leaf area, flower dimensions,
number of seeds per inflorescence/per fruit and percent root colo-
nization were recorded at plant maturity (after 90 days). The fresh
and dry weights of surface and underground parts were also mea-
sured. Ten plant samples from each treatment were collected ran-
domly and shade-air dried. The harvested plant material was
washed gently with water in a wire-cage to avoid breaking roots.
The net primary productivity was calculated on a dry weight basis
and expressed as g/plant/day.

The basal area of plant stem was determined by the formula
suggested by Misra (1968):

(1)

Endophyte dependency

Endophyte dependency of S. calva and W. somnifera was deter-
mined using the formula given by Gerdemann (1975):

(2)

ED is used instead of MD to designate endophyte dependency.

Staining of root samples

Roots of S. calva and W. somnifera were washed thoroughly in
running tap water, cut into 1-cm pieces and treated overnight with
10% KOH solution at room temperature. Thereafter, the root piec-
es were washed 3–5 times with sterilized distilled water and treat-
ed with 1% HCl for 3–4 min before staining with 0.05% trypan
blue in lactophenol (Phillips and Hayman 1970). The stained root
segments were examined microscopically (×400).

Assessment of root colonization

The method proposed by Giovannetti and Mosse (1980) was fol-
lowed for assessment of root colonization. The root-pieces (1 cm)
were selected at random from the stained samples and mounted on
grid-intersect glass slides. In all, 100 root pieces per sample were
observed and percent infection was calculated as follows:

(3)

Statistical analysis

Means and standard deviations were calculated and a t-test applied
to evaluate the significance of differences (Bailey 1995).

Results and discussion

A pronounced growth response following inoculation
with P. indica was observed in both S. calva and W. som-
nifera (Figs. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12). The
plants treated with P. indica were superior in develop-
ment to control plants (Tables 1, 2, 3). A significant in-
crease in shoot length was observed in inoculated plants.
Microscopic examination of stained root samples re-
vealed a high colonization by P. indica of 62 and 73%
root length in S. calva and W. somnifera, respectively. 

The basal stem and leaf areas of treated plants were
also enhanced (Table 2). Interestingly, some large, 2.3
(±0.06) × 1.54 (±0.38) cm2, kidney-shaped inflorescences
were observed on inoculated S. calva plants together
with the normal, round inflorescences (Fig. 5). These
kidney-shaped inflorescences were never observed in
control plants (Fig. 6). The lengths of the inflorescences
and the number of flowers on inoculated S. calva plants
were also increased relative to controls (Table 2; Fig. 7,
8). Similarly, the number of flowers on the inoculated
plants of W. somnifera was higher (Table 2) than on con-
trols. For both medicinal plant species, seed counts were
higher for treated than for control plants.

The overall root biomass of the inoculated plants was
higher than that of the corresponding controls (Figs. 9,
10, 11, 12). The fresh and dry weights of both under-
ground and above-ground parts of S. calva and W. som-
nifera inoculated plants were higher than the controls 
(Table 3). The net primary productivity of inoculated S.
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calva and W. somnifera plants was 0.06 and 0.23 g/plant/
day, respectively. These values were higher than those of
control plants (0.02 and 0.12 g/plant/day, respectively).

MD is used as an index to compare receptivity of dif-
ferent plant species to AM fungi (Gerdemann 1975).
This can also be used for other endophytes, such as P. in-

dica. In the present study, the term ED is used instead of
MD as the test organism does not develop a typical my-
corrhizal association. The ED value was 211.13 for
S. calva and 671.90 for W. somnifera. These data suggest
that P. indica has a greater influence on the growth of
W. somnifera than on that of S. calva.
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Fig. 1 Growth of Spilanthes
calva and Withania somnifera
inoculated with Piriformospora
indica. Surface-sterilized seeds
were sown in furrows in nurs-
ery beds. P. indica was inocu-
lated at the rate of 1% w/w of
seeds at the time of seed sow-
ing and later on transfer of the
seedlings to the field. Inclusion
of autoclaved fungal mycelium
in equal quantity served as con-
trols. Arrow shows an increase
in size and abundance of inflo-
rescences in inoculated S. calva

Fig. 2 As Fig. 1. Arrow shows
the small-sized, infrequently
occurring inflorescences in un-
inoculated controls of S. calva

Fig. 3 As Fig. 1, showing the
vigorous growth of foliage and
inflorescences (arrow) in inoc-
ulated W. somnifera

Fig. 4 As Fig. 1, showing the
poor growth of foliage with
small inflorescences (arrow) in
uninoculated controls of
W. somnifera

Fig. 5 As Fig. 1. Arrow indi-
cates a large kidney-shaped 
inflorescence frequently 
observed in addition to normal
heads in S. calva inoculated
with P. indica

Fig. 6 As Fig. 1. Arrow shows
normal round inflorescence
heads in an uninoculated con-
trol of S. calva



The MD of a host plant can be altered by factors such
as soil-type, soil P content, mycorrhizal species (Azcon
and Ocampo 1981; Menge et al. 1978). Amongst the rea-
sons proposed for differences in MD in different plants
or varieties of the same species, Baylis (1975) reported

that root-hair length and root thickness can determine the
MD level. Rajapakse and Miller (1988) observed that the
average length of fine roots was negatively correlated
with MD in cowpea. The more intense root proliferation
in treated plants observed here may be due to the synthe-
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Fig. 7 Influence of P. indica on
the development of S. calva
and W. somnifera: increase in
the number and size of inflores-
cences of S. calva inoculated
with P. indica, harvested at
plant maturity

Fig. 8 As Fig. 7. Inflorescence
of an uninoculated control of S.
calva harvested at plant maturi-
ty

Fig. 9 As Fig. 7, showing the
prominent increase in biomass
and proliferation of roots of S.
calva inoculated with P. indica

Fig. 10 As Fig. 7, showing the
root biomass of an S. calva
uninoculated control

Fig. 11 As Fig. 7, showing the
prominent increase in biomass
and proliferation of roots of
W. somnifera inoculated with
P. indica

Fig. 12 As Fig. 7, showing the
root biomass of an W. somnif-
era uninoculated control



sis of as yet unidentified extracellular phytohormones by
P. indica (Singh et al. 2000; Varma et al. 2001).

In conclusion, there was a significant increase in
growth and yield of both S. calva and W. somnifera
plants inoculated with P. indica relative to uninoculated
controls. The differences in growth observed between in-
oculated and control plants may have been caused by
greater absorption of water and mineral nutrients due to
extensive colonization of roots by P. indica. The ability
of P. indica to continue improving growth of S. calva
and W. somnifera even during the hot March–June sum-
mer season (day temperature above 40°C) suggests that
the fungus may improve drought tolerance of plants.
However, this should be tested elsewhere in other soil
conditions and geographical regions. The increases in
fresh and dry-weights in treated W. somnifera and S. cal-
va may be related to increased root P uptake. This as-
sumption is based on the earlier report by Sudha et al.
(1998), who found active translocation of phosphate in
rice and transformed carrot roots on inoculation with P.
indica (Varma et al. 2001). Our present findings under-
line the potential for using P. indica for large-scale culti-
vation of W. somnifera and S. calva.
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