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Abstract

Drymaria cordata (L.) Willd. ex Roem. &
Schult. commonly known as ‘West Indian Chick weed’
is a potential herb used in traditional medicine in the
treatment of many ailments. The main active principles
therapeutically are known as drymaritin and isovitexin.
Arbuscular mycorrhizae (AM) are symbiotic associations
between plants and soil fungi that play a vital role in plant
growth and development as well as soil quality. In the
present investigation, an attempt was made to determine
the growth responses of in vitro regenerated Drymaria
cordata to inoculation with arbuscular mycorrhizal
fungi. Both normal and in vitro regenerated plants of
Drymaria cordata were inoculated with Glomus mosseae
and Glomus fasciculatum. All the inoculated plants
showed significant morphological results over control
after a period of 30, 60 and 90 days of inoculation in
polyhouse pot experiment. The percent of colonization
and the number of spores in the rhizosphere of the in
vitro regenerated plants are significantly more than the
normal plants. Inoculation of in vitro regenerated plants
with Glomus fasciculatum showed maximum mycorrhizal
inoculation effect. Mycorrhizal inoculation significantly
increased the biomass, root and shoot length, plant
height, leaf area, number of branches, number of nodes
per branch and internodal length. Such increases were
related to the intensity of mycorrhizal association in the
root. These findings indicate that mycorrhizal inoculation
can be a suitable and alternative method to improve the
growth of Drymaria cordata.
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Introduction

The cultivation and propagation of traditionally
important medicinal plants has taken a huge leap in
recent years due to their tremendous potential in curing a
number of human ailments. There is a huge demand for
these plant based raw materials in the pharmaceutical
industry. Due to its extensive diversity in climatic and
edaphic factors, the weed flora widely differs from one
region to another due to different seasons, cropping
patterns adopted and association with crops. The
diversity of symbiotic fungi and the mycorrhizal status
of certain medicinal plants have been reported by many
workers (1,2). Besides the crop loss aspect of weeds

there is another aspect of mycorrhizal association in
weeds. It is quite possible that interaction with AMF
can increase the beneficial effects of weeds on the
functioning of agro-ecosystem (3,4). Majorly 90 % of
plant species are associated with Arbuscular Mycorrhizal
Fungi (AMF), which are important for accessing and
recycling nutrients, improve the quality of soil by
influencing its structure and texture, and hence plant
health (5,6). Only few plants develop normally without
mycorrhiza. These non- pathogenic relationships are
geographically ubiquitous. The extent of plant growth
promotion by AM fungi depends upon specific plant and
fungal combinations.

Formation of hyphal network by the AMF with
plant roots in known to enhance the access of roots to
a large surface area of the soil, causing improvement in
plant growth. AM fungi are known to improve the plant
growth through better uptake of water and nutrients,
particularly phosphorus and also increases host
tolerance to pathogens, stress and drought. (7,8,9,10)
Mycorrhization of tissue-cultured propagules has the
potential to produce plants with increased levels of
biologically active secondary metabolites(11).

The current investigation was under taken to
examine the response of AM fungi on colonization
and morphological variations in Drymaria cordata,
a commonly occurring medicinal weed in the coffee
plantations. The herb Drymaria cordata, is used by the
tribes across India and other countries in treating a
number of human ailment (12,13,14). Many biological
active compounds have been isolated from this plant
including drymaritin and isovitexin, which have been used
in chemotheraphy against many types of diseases (15).
Due to wide application of medicinal plants in various
treatments, it is therefore imperative to enhance their
biomass production and quality in order to fulfill societal
demands. The present study is the foremost attempt to
introduce arbuscualr mycorrhizae in micropropagated
plants of Drymaria cordata.

Materials and Methods

The study was undertaken in the polyhouse
of Botany Department, Bangalore University. The
regenerated plants of Drymaria cordata were obtained
through indirect organogenesis from nodal explants
cultured on MS basal medium supplemented with BAP
(4.44 uyM), GA3 (1.44 uM) and 2,4-D (2.26 pM). In vitro
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regenerated shoots were separated and inoculated
on MS medium containing IBA (0.49 pM) for root
induction. The hardened and acclimatized two month
old regenerated plants were taken for AM studies along
with two month old normal plants. The percentage of root
colonization, spore count and morphological studies, in
the untreated and treated normal and regenerated plants
were carried out at an interval of 30, 60 and 90 days and
results were tabulated.

Inoculants used

Two species of AM fungi namely Glomus
fasciculatum (Thaxter) and Glomus mosseae (Nicol.
& Gerd.) Gerd. and Trappe were used in the study.
The inoculums were procured from the Department
of Microbiology, University of Agricultural Sciences,
GKVK Campus, Bangalore. The inoculums consisted of
sand soil mixture containing extrametrical spores and
extrametrical mycelia of Glomus mosseae and Glomus
fasciculatum along with root segments of Rhodes grass
as host for mycorrhizal fungi.

Preparation for Pot culture experiment

For pot culture experiments, sand and soil in the ratio
1:1 was taken and autoclaved at 121°C for one hour.
About 5 Kg soil was filled in each pot (23x13x17:
upper diameter, basal diameter and height in cm). The
inoculums containing 200-250 spores were added at the
rate of 20 gms/ pot. 9 sets of replicas were maintained.
The experiment was repeated thrice.

Each set consisted of six treatments namely:

N - Normal plant without AM fungi

N1 - Normal plant inoculated with Glomus mosseae

N2 - Normal plant inoculated with Glomus fasciculatum
R - Regenerated plant without AM fungi

R1- Regenerated plant inoculated with Glomus mosseae

R2 - Regenerated plant
fasciculatum

inoculated with Glomus

Determination of mycorrhizal root colonization

The percent infection of both normal and
regenerated plants in each treatment and control were
estimated (16,17). Harvested plant roots were washed
well in tap water. They were cut into segments of 1 cm and
autoclaved in 10% KOH at 120°C for 15 minutes. KOH
was decanted and roots rinsed with water to remove
KOH. The roots were then acidified by the addition of
1% HCI for 5 minutes. HCI was decanted with care taken
not to wash with water because the specimens must
be acidified for proper staining. For staining the sample
roots segments, 0.05% trypan blue in lactoglycerol was
added to the test tubes and simmered for 10 minutes
in a hot water bath. The stain was decanted and the
sample preserved in 50% glycerol/ lactoglycerol.
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Randomly selected root pieces were mounted on slides
in lactoglycerol, squashed, and examined under the
microscope for mycorrhizal colonization.

Percentage of mycorrhizal colonization calculated by the
formula:

% of mycorrhizal colonization = No of root bits colonized
No of root bits taken for observation
Estimation of mycorrhizal spores

Extrametrical chlamydospores produced by the
mycorrhizal fungus were estimated by wet sieving and
decanting method (18). 50 mg of representative soil
samples from each treatment was suspended in 500 ml
quantity of water and stirred thoroughly. Resulting soil
suspension was passed through sieves of 450, 300,
205, 105 and 45 um kept one below the other in the
same order. The soil and the spores on the bottom two
sieves were transferred on to a nylon mesh of a smaller
pore size. The nylon mesh with spores on it was placed
in a petriplate and the spores were counted under the
microscope.

Morphological
parameters

observations on plant growth

Representative samples from each treatment and
replications were uprooted and data recorded at 30,
60 and 90 days after planting. They were thoroughly
washed in running water to remove all adhering particles
to the roots. The shoot length, root length, height of the
plant, number of branches, number of nodes per branch,
length of internode (from 4th to 6th node from the shoot
apex), leaf length (from leaf tip to the base), leaf breadth
and Biomass of plant (roots and shoots weighted
separately for their fresh weight and shade dried for dry
weight) were evaluated for normal, regenerated and
VAM treated plants.

Statistical Analysis:

Completely randomized design (CRD) was followed
for all experiments. Number of replicates for each
treatment was 3 and each replicate consisted minimum
of 10 explants. Values are expressed as mean = SD.
Analysis of Variance (ANOVA — One way) was done
and differences between treatments were determined
using student’s ttest at 5% level of significance (19).

Results and Discussion
In vitro regeneration and plantlet development.

In the present investigation, BAP or TDZ with 2,4-D
lead to callusing of the explants followed by development
of shoots. Maximum number of indirect multiple shoots
(Fig.1,2) were observed on MS + BAP (4.44 M) + GA3
(1.44 uM) + 2,4-D (2.26 pM). Influence of BAP on shoot
growth is known in a number of medicinal plants (20,
21, 22). Shoot elongation was achieved on medium
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Fig 1: Indirect shoot regeneration Fig 2: Emergence of Multiple Shoots

Percent of mycorrhizal root colonization, number of vesicles and arbuscules
and spore count in the rhizosphere in untreated and AMF treated normal
and regenerated plants.

Fig 3: Regenerated plant of Drymaria cordata

containing GA3. MS + IBA (0.49 uM) proved to be
efficient in producing healthy and long roots in Drymaria.
The in vitro regenerated plants showed successful
acclimatization. (Fig. 3). Similar results were observed
earlier in the same taxon (23). The efficiency of IBA in
inducing in vitro roots has been reported by several
workers (24, 25).

Percent of mycorrhizal root colonization, number
of vesicles and arbuscules and spore count in the
rhizosphere in untreated and AMF treated normal and
regenerated plants.

After 90 days of Arbuscular mycorrhizal treatment,
results showed a varied degree of spore population
and mycorrhizal root colonization in all plants (Table
1). Significant percent colonization was observed in
regenerated treated plants than in normal treated plants.
33.00£1.00% colonization was observed in Glomus
fasciculatum treated regenerated plants with a significant
increase in the number of vesicles and arbuscules.
The maximum number of vesicles and arbuscules was
observed to be 9.67+0.58 and 25.00+1.00 respectively
in regenerated plants treated with G. fasciculatum.
While G. mosseae treated normal and regenerated
plants showed a less count. The highest percentage of
colonization in regenerated plants may be due to early
colonization by AM fungus or may be due to increased
root cell membrane permeability and more hyphal
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penetration. The fungus having higher root colonization
are better adapted for reabsorption of more nutrients
and thus promote the growth of medicinal plants. Due
to absence of mycorrhizal colonization, vesicles or
arbuscules were not observed in the control or untreated
normal and regenerated plants. There was a substantial
increase in the spore count in the rhizosphere of G.
fasciculatum treated regenerated plants after 90 days
of inoculation. The spore count increased to 52.00+£1.00
in the rhizosphere of regenerated plants. Similar results
showing an increase in the percentage colonization and
spore count was observed in the in vitro grown plants of
Withania somnifera and in a number of medicinal and
vegetable plants (26, 27).

Shoot length, root length and plant height of
untreated and AMF treated normal and regenerated
plants:

It is evident from the results (Table 2), that AM
inoculation significantly increased the shoot length, root
length and plant height after 90 days of inoculation.
Maximum shoot and root length was recorded in the G.
fasciculatum treated regenerated plants which was found
to be 69.23+0.68 cm and 22.50+£0.50 cm respectively. G.
mosseae treated regenerated and normal plants showed
shoot and roots of shorter length. Corresponding to the
increase in the length of the shoot and root, the plant
height was found to be more in the regenerated plants
treated with G. fasciculatum. The maximum plant height
was recorded to be 91.40+0.46 cm. It was clearly
evident from the results that G. fasciculatum treated
regenerated plants have shown an enhanced shoot and
root length leading to corresponding increase in plant
height when compared to G. mosseae treated normal
and regenerated plants. AM treated medicinal plants
have shown improved growth and development as
compared to control plants (28, 29).

Number of branches, number of nodes per branch,
length of internode, leaf length and leaf breadth of un
treated and AMF treated normal and regenerated plants

The regenerated plants of Drymaria cordata
showed good response to AM funal inoculation.
Corresponding to a significant increase in the height of
the regenerated plants treated with G. fasciculatum, the
number of branches, number of nodes per branch, length
of internode, length and breadth of leaf too showed
enhanced growth (Table. 3, 4). After a period of 90
days, a maximum of 36.50+0.58 branches, 30.33+£0.58
number of nodes and intermodal length of 4.63 +0.06
cm was observed in the regenerated plants treated
with G. fasciculatum. G. mosseae inoculated normal
plant and regenerated plants showed less growth. The
micropropagated plants of Bacopa monnieri showed
vigorous plant growth when inoculated with VAM fungi,
which is in continuity with the present investigation (30).

The enhanced growth performance in regenerated
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Table 1: Effect of AMF association on percent of colonization, number of vesicles, arbuscules and spore count in normal and
regenerated plants of Drymaria cordata
30 DAYS 60 DAYS 90 DAYS
v A SP v A SP v A SP
Treatments % C (per cm (per cm (Per10 gm % C (per cm (per cm (Per % C (per cm (per cm (Per
root) root) soil) root) root) 10 gm root) root) 10 gm
soil) soil)
N 0.00¢ 0.00¢ 0.00 0.00¢ 0.00¢ 0.00¢ 0.00d 0.00¢ 0.00d 0.00d 0.00¢ 0.00+0.00¢
N1 4.00+1.00d | 1.67+0.58b 0.00 9.67+0.58d | 10.10+0.17d| 4.67+0.58d [ 11.00+1.00¢| 23.67:0.87d| 20.67+0.58¢| 6.13+0.58¢ | 18.56+0.58d| 29.33+0.87d
N2 4.50+0.87¢ | 2.33+0.87b 0.00 11.67£0.58b | 12.33+0.58¢| 6.33+0.58¢ | 11.27+0.46¢| 30.33+0.87b| 21.00+0.00¢ | 8.00+£1.00b | 20.67+0.58¢ | 44.00+1.00b
R 0.00¢ 0.00¢ 0.00 0.00¢ 0.00¢ 0.00¢ 0.00d 0.00¢ 0.00d 0.00d 0.00¢ 0.00+0.00¢
R1 6.33+0.58b | 2.67+0.58a 0.00 11.00::1.00¢ | 14.00+1.00b| 8.00+1.00b [ 12.00+1.00b[ 27.33+1.15¢| 24.50+0.87b| 8.33+0.58b | 23.00+1.00b| 32.33+1.15¢
R2 8.33+0.58a | 3.33+1.153 0.00 14.33+0.582 | 15.93+0.122| 9.33+0.582 [ 14.17:0.763| 33.33+1.152 33.00:1.003| 9.67+0.582 | 25.00+1.002| 52.00+1.002
CD (0.05) 0.21 0.97 0.00 0.60 0.67 0.67 0.70 0.74 0.48 0.48 0.54 0.68
% C — Percent AM root colonization; V — Vesicles; A — Arbuscules, SP — Number of spores; Values represent Mean = SD; Means followed by the
same letter are not significantly different by student’s t test at P=0.05. CD = Critical Difference
Table 2: Effect of AMF association on shoot length, root length and plant height in normal and regenerated plants of Drymaria cordata.
30 days 60 days 90 days
Treatments SL RL PH SL RL PH SL RL PH
(cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm)
N 16.33£0.584 | 5.93+0.12d | 22.0+0.50f | 30.80+0.95f | 9.33+0.58¢ | 39.40+0.79F | 51.17+0.76f | 16.97+0.95d | 68.17+0.761
N1 23.17+0.76¢ | 7.13+0.32¢ [ 30.17+0.76d | 37.33+0.76d [ 9.67+0.29¢ | 46.63+0.64d | 60.97+0.95d | 18.47+0.90¢ | 79.30+0.61d
N2 24.93+0.51b | 8.00+0.50b | 34.17+0.76> [ 54.77+0.87b | 12.33+0.29b | 67.00+0.87b | 66.10+0.36b | 19.50+0.50b [ 85.50:+0.50b
R 22.4740.93¢ | 6.33+0.29d | 28.57+0.51¢ | 35.80+0.26¢ | 10.50+0.50d | 45.13+0.32¢ | 55.00+0.10¢ | 18.27+0.55¢ | 72.63+0.64¢
R1 25.33+0.91b 8.33+0.58b [ 33.03+0.55¢ 38.80+0.62¢ 11.474+0.45¢ | 51.274+0.64¢ 64.93+0.90¢ 19.83+0.76b | 83.83+0.76¢
R2 26.83+0.292 10.0+0.502 36.40+0.662 56.30+0.52a | 15.334+0.58a 71.43+0.93a | 69.23+0.68a 22.50+0.502 91.40+0.462
CD (0.05) 0.83 0.47 0.73 0.81 0.53 0.84 0.58 0.83 0.73
SL — Shoot length; RL — Root length; PH — Plant height; Values are the mean+SD; Means followed by the same letter are not
significantly different by student’s t test at P=0.05. CD = Critical difference
Table 3: Effect of AMF association on number of branches, number of nodes per branch and length of internode in normal and regenerated
plants of Drymaria cordata.
30 days 60 days 90 days
Treatments B NB LIN (cm) B NB LIN (cm) B NB LIN (cm)
N 2.33+0.58b | 5.57+0.51d [ 3.33+0.582 | 12.33+0.58% | 8.67+0.58¢ | 3.33+0.29b | 24.50+0.58f | 15.17+0.76¢ | 4.03+0.06b
N1 2.33+0.58b | 6.57+0.51¢ | 3.43+0.43 | 18.50+0.50d | 9.83+0.76d | 3.47+0.06P | 26.0+0.58¢ | 17.17+0.76d | 4.13+0.15b
N2 2.67+0.582 | 7.33+0.58b | 3.50+0.50a | 20.83+0.29P | 10.83+0.29¢ | 3.50+0.40b | 31.0+0.58¢ | 23.00+0.50¢ | 4.23:0.06b
R 2.67+0.582 | 7.00+0.00b | 3.67+0.762 | 20.17+0.76C | 8.83+0.29¢ | 4.07+0.122 | 27.50+0.58d | 16.83+0.29d | 4.23+0.06b
R1 2.67+0.582 | 7.40+0.53b [ 3.70+0.752 | 21.50+0.87b | 15.17+0.76P | 4.17+0.062 | 32.50+0.58b | 20.83+0.76b | 4.53+0.06b
R2 3.00+£0.002 | 8.17+0.764 3.77+£0.25a | 24.17+0.764 18.67+0.764 4.20+0.102 [ 36.50+0.582 | 30.33+0.582 | 4.63+0.062
CD (0.05) 0.61 0.62 0.71 0.76 0.71 0.25 0.67 0.68 0.94

B — Number of Branches; NB — Number of nodes per branch; LIN — Length of internode; Values are the mean+SD; Means followed by the
same letter are not significantly different by student’s t test at P=0.05. CD = Critical Difference.

Table 4 : Effect of AMF association on leaf length and breadth in normal and regenerated plants of Drymaria cordata.

30 days 60 days 90 days
Treatments LL (cm) LB (cm) LL (cm) LB (cm) LL (cm) LB (cm)
N 0.80+0.01b 0.95+0.01b 0.93+0.06b 1.03+0.06¢ 1.07:£0.06b 1.33+0.06b
N1 0.810.02b 1.10+0.02b 1.13+0.062 1.27+0.06b 1.13+0.06b 1.40+0.10b
N2 0.87+0.062 1.23+0.062 1.13+0.062 1.33+0.06bP 1.17+0.06b 1.53+0.062
R 0.82+0.013 1.27+0.012 1.13+0.063 1.43+0.063 1.17+0.12b 1.50+0.002
R1 0.93+0.062 1.30+0.062 1.13+0.062 1.47+0.062 1.27+0.122 1.53+0.062
R2 0.97+0.063 1.33+0.0623 1.17+0.063 1.50+£0.002 1.37+0.122 1.57+0.063
CD (0.05) 0.15 0.17 0.18 0.10 0.18 0.08

LL — Length of leaf from tip to base; LB — Leaf breadth.

Values are the mean+SD; Means followed by the same letter are not significantly different by student’s t test at P=0.05. CD = Critical difference

Table 5: Effect of AMF association on fresh weight and dry weight in normal and regenerated plants of Drymaria cordata

30 days 60 days 90 Days

Treatments Fresh Dry Fresh Dry Fresh Dry
weight (gm) weight (gm) weight (gm) weight (gm) weight (gm) weight (gm)
N 0.174+0.04¢ 0.030+0.01¢ 3.031+0.10f 0.163+0.02¢ 8.815+0.08€ 2.337+0.07¢
N1 0.210+0.04€ 0.063+0.01¢ 5.507+0.35€ 1.365+0.07d 11.456+0.51d 2.617+0.364
N2 0.625+0.09¢ 0.166+0.04b 10.831+0.83¢ 2.131+0.11b 14.481+0.50b 3.46140.05b
R 0.314+0.03d 0.075+0.013¢ 8.216+0.69d 1.864+0.13¢ 12.192+0.30¢ 3.087+0.16€
R1 0.896+0.02b 0.18620.010b 11.586+0.90b 2.185+0.03b 14.824+0.162 3.54740.05b
R2 1.104+0.132 0.282+0.0292 12.348+0.572 3.467+0.512 15.108+0.262 3.878+0.132

CD (0.05) 0.082 0.085 0.74 0.26 0.39 0.20

Values are mean £SD Means followed by the same letter are not significantly different by student’s t test at P=0.05. CD - Critical difference
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plants of Drymaria cordata was due to mycorrhization
of G. fasciculatum. The length and breadth of the
leaf observed in regenerated plants treated with G.
fasciculatum was recorded as 1.37£0.12 cm and
1.57+0.06 respectively. There was a significant reduction
in the leaf area in the plants treated with G.mosseae as
well as in untreated plants. The present results are in
the same line with the results observed in AM inoculated
Solanum lycopersicum, where G. fasciculatum
significantly enhanced the morphological features (31).

Fresh weight and dry weight of untreated and AMF
treated normal and regenerated plants.

Plant biomass is an important parameter which
directly reflects the efficiency of particular fungus. The
fresh and dry weight of the inoculated regenerated plants
were found to be maximum and significant than that of
untreated plants (Table 5). After 90 days of inoculation
with G. fasciculatum, the fresh and dry weights of
regenerated plants were observed to be 15.108+0.26gm
and 3.878+0.13gm respectively. From the results it
was revealed that due to enhanced root and shoot
length, internode length and number of branches there
was an corresponding increase in the plant biomass
in regenerated plants treated with G. fasciculatum
than other treatments. At the end of 90 days the plants
produced numerous floral buds which also contributed to
its biomass. Similar effectiveness of G. fasciculatum on
the growth and performance of normal and regenerated
plants of Andrographis paniculata were studied (32).
Effect of root colonization by arbuscular mycorrhizal
fungi on growth, productivity and disease resistance
has also been investigated in rice crop (33). The most
important contribution of these AM fungi to plant growth
is due to extra-radical hyphal absorption of phosphorus
and other elements and transfer to the root tissues. The
enhanced quantity of available phosphorus and levels of
exchangeable potassium and magnesium in AM treated
plant soil would certainly mean better growth in terms of
number of leaves, branches and biomass in AM treated
plants than control.

Conclusion

Traditional people have developed remedies for
curing number of ailments due to their association with
nature over a long period of time. Drymaria cordata (L.)
Willd. Ex Roem. & Schult. (Caryophyllaceae) is one
such folklore herb of considerable medicinal importance.
Arbuscular mycorrhizal studies have importance in
agriculture and land reclamations. Plant roots provide
an ecological niche for many of the microorganisms
that abound in soil. In natural ecosystems much of
the terrestrial plants associate with root colonizing
mycorrhizal fungi, which improve the fitness of both
the fungal and plant associates. From the studies
undertaken, the role of AMF on Drymaria is indicative
of the potential that this association is apparent for
improved production. AMF treated regenerated plants
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have shown significant results compared to untreated
plants. These results suggest that G. fasciculatum are
better symbionts for inoculating Drymaria cordata. Due
to wide use of the plant in folklore medicines, from the
study, we can conclude that, treating Drymaria cordata
with Arbuscular mycorrhizal fungi has enhanced their
biomass production and quality and thus can contribute
to the formulations of herbal medicines and pharmacy.
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