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The amount of saponin accumulated in the tuber of safed musli (Chlorophytum borivilianum) 
was evaluated with or without mycorrhizal inoculation in a green house experiment conducted 
over a 270 days period. Differences in the saponin concentration and the total amount in tuber 
between the treatment and between the developmental stages were examined. The mycorrizal 
treatment included three species viz Glomus fasciculatum, Glomus intraradices and Glomus 
mosseae. The amount of saponin accumulated in tuber increased with growth and it was under 
maximum Glomus mosseae infected plant. Mycorrhizal inoculated compared to non inoculated 
plants resulted up to 25-fold improvement in saponin content at critical growth stage (45 days) 
and up to 4-fold improvement at crop harvest i.e. 270 days. Glomus mosseae was found to be 
most efficient mycorrhizal species. The present results suggest the possibility to stimulate the 
saponin content by treating the tubers with mycorrhizal inoculation, which improved the 
therapeutic value of safed musli (Chlorophytum borivilianum) tubers.  
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INTRODUCTION 
 
Chlorophytum borivilianum Santapau and Fernandes, 
popularly known as safed musli is an important medicinal 
plants due to its aphrodisiac properties (Singh and 
Chauhan, 2003). Chlorophytum borivilianum is the most 
commercially exploited and widely growing species. It is 
widely used as a general health promotive tonic, for 
various gynecological disorders, arthritic conditions and 
to control diabetes mellitus (Purohit and Prajapati, 2003).  
The tubers are rich in alkaloids, vitamins, minerals, 
proteins, carbohydrates, saponins, polysaccharides and 
steroids

 
(Raghavendra et al., 2005). Roots of the plant 

are used both in antiviral (Siddiqui, 2005), anticancer 
(Arif, 2005), immunomodulatory (Singh et al., 2004), anti-
diabetic (Govindrajan et al., 2005), antistress 
(Gopalkrishna and Patil, 2006), aphrodisiac (Thakur and 
Dixit, 2006), antimicrobial (Deore and Khadabadi, 2007) 
and anti-inflammatory (Deore and Khadabadi, 2008). 
Arbuscular mycorrhizae can colonize the roots of most 
vascular plants and can develop a complex system of 
extraradical hypae under natural conditions. Mycorrhizae  
 
 
 
*Corresponding author email: jctarafdar@yahoo.in; 
Tel: 0291-2785250 

 
 
may help plants to thrive in arid environment (Requena et 
al., 2001) by increasing the supply of nutrients to plants 
particularly phosphorus (Toro et al., 1997), reducing 
water stress (Auge, 2001) and increasing secondary 
metabolites (Kapoor et al., 2007). Increase in yield of 
naturally occurring saponin is an important area of 
investigations. Hence, in the present study attempts have 
been made to increase saponin concentration in the 
tubers of safed musli through mycorrhizal fungi 
inoculation. 
 
 
MATERIALS AND METHODS 
 
A pot trial was conducted using loamy sand (camborthid) 
soil collected from barren lands of Jodhpur. The 
preliminary analysis of soil indicated organic C content 
0.03%, pH 7.9, EC 0.13 dSm

-1
, olsen P 3.5 mg kg

-1
, 

organic P 72 mg kg
-1

 and total P 445 mg kg
-1

. Earthen 

pots (50 cm × 30 cm) of 25 kg capacity were filled with 20 
kg sieved (2 mm) soil. There were four treatments viz. 
control (without inoculation) and inoculated with three 
different types of mycorrhizal fungi namely Glomus 
fasciculatum, Glomus intraradices and Glomus mosseae.  
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Table 1. Root length, percent root infection and spore number in soil of safed musli 
(Cholorophytum borivilianum) with or without AM inoculation at critical growth stage (45 days) 

 

Treatment Plant age (days) 

Root length (cm) Root infection 
(%) 

Spore number 

(100 g
-1

 soil
 
) 

Control 260.2 46.9     46.0 

Glomus fasciculatum 410.0 70.4     74.3     

Glomus intraradices 767.3 91.9     150.0 

Glomus mosseae 707.8 76.4     125.0 

LSD (p = 0.05) 21.3 4.9 8.3          

 
 
 
 
The experiment was laid out in a green house under 
sunlight for 10 h day and was water on alternate days to 
field capacity. There were nine replicates in each 
treatment. Three pots from each treatment were 
harvested after 45, 90 and 270 days (at maturity). 

Healthy tubers of Chlorophytum borivilianum were 
purchased from the Rajasthan Seed Corporation, Indore, 
Madhya Pradesh, India and stored in sand until the 
experiment was laid on. Tubers weighing 8 to 10 g were 
sown in each pot. The pure cultures of mycorrhizal fungal 
species maintained on pearl millet and wheat 
simultaneously in our net house were used as inoculum. 
The inoculum containing 1500 spores, plant root and 
fungal propagules was placed below the tubers in each 
arbuscular mycorrhizal (AM) fungi treatment at the start 
of the experiment. No manure and fertilizers were applied 
at any stage of plant growth. The root system was lifted 
by emptying the pots after each harvest for detailed 
analysis. 

To access the root colonization by VAM fungi, the 
standard staining technique of Phillips and Hyman (1970) 
was followed. The roots of plants were cleared with 10% 

(w/v) KOH at 90°C for 12-15 min in a water bath, rinsed 
three times, stained in 0.1% trypan blue (made in lacto 

phenol) at 90°C for 3-5 min, and mounted in lactic acid: 
glycerol (1:1). The recovery and quantification of VAM 
fungal propagules for spore build-up studies were done in 
different harvesting periods. Root length colonized by AM 
fungi was determined by the grid line intersect method

 

(Tennant, 1975). Wet sieving and decanting technique 
(Gaur and Adholeya, 1994) extracted spores of different 
species. All the spores were examined using Medilux-20 
TR compound microscope. The saponin content in the 
root was estimated

 
using

 
(Bordia et al., 1995) with the 

modification that instead of refluxed extraction we have 
used microwave-assisted extraction. The root powdered 
material was defatted using petroleum ether and 
extracted with ethanol, chloroform, and butanol in 20-ml 
closed vials, which were placed in a mechanically 
modified microwave oven. After cooling to room 

temperature, the extract was collected and kept at 20°C 
until analysis. Finally, the saponin was quantified by a 

colorimetric reaction mixture using acetic acid and 
sulphuric acid and the absorbance at 530 nm. Organic 
carbon was estimated by the method of Walkley and 
Black (1934) using 1N potassium dichromate and back 
titrated with 0.5N ferrous ammonium sulphates solution. 
pH, EC and P was estimated as described by Jackson 
(1967). Microsoft Excel 2000 was used in statistical 
processing of the data. The least significant difference 
was calculated (p = 0.05) as described by Sokal and 
Rohlf (1981). 
 
 
RESULTS AND DISCUSSION 
 
The root length, per cent root infection and spore number 
in soil was significantly increased by inoculation with all 
the three mycorrhizal fungi, which was highest under 
Glomus mosseae followed by Glomus intraradices (Table 
1). Among the three AM species a significantly higher 
spore build up, root length and per cent root infection was 
observed under Glomus mosseae. The microscopic 
images of root infection was reflected as Figure 1. In 
general, AM fungi enhanced 50 to 96% of root infection, 
58 to 195% of root length and 62 to 226% of spore 
number than uninoculated control treatment. A 
tremendous improvement in tuber formation was 
observed under all the AM fungi inoculated treatment 
which was more due to Glomus mosseae inoculation 
(Figure 2).  

In the mycorrhizal treatments (Table 2), the saponin 
concentration in tuber varied between 104.8 and 205.7 
mg g

-1
, which was significantly higher than control (75.3 

to 92.7 mg g
-1

). In general, saponin concentration has 
been increased with plant age in entire mycorrhizal 
plants. The more increase in saponin concentration was 
observed with the inoculation of Glomus mosseae (65.2 
to 158.7%) followed by Glomus intraradices (61.5 to 
125.2%) and Glomus fasciculatum (13.0 to 113.1%) as 
compared to control treatment under different crop age. 

The results shown in (Table 2) strongly suggest that 
mycorrhizal fungi substantially contribute to saponin 
content in safed musli, depending upon the type of AM  
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Figure 1. Images of root infection by AM fungi Glomus mosseae in 
safed musli (Chlorophytum borivilianum) 

 
 
 

 
 

Figure 2. Differences in number of finger and size due to inoculation of 
Glomus mosseae in safed musli (Chlorophytum borivilianum)  

 
 
 

Table 2. Saponin concentration (mg g
-1

 dry weight) in tuber of safed musli (Cholorophytum borivilianum) 
at different crop age with or without AM fungi inoculation 
 

Treatment Plant age (days) 

            45            90             270* 

Control 92.7 75.3 79.5 

Glomus fasciculatum 104.8 125.9 169.4 

Glomus intraradices 149.7 170.2 179.0 

Glomus mosseae 153.1    166.9 205.7 

LSD (p = 0.05) 0.62 0.34 0.39 
                   

                                    * at crop harvest 

 
 
 
fungi supplied. At critical stage of plant growth (45 days) 
up to 25 times improvement in saponin content was 
observed by Glomus mosseae as compared to control. 
The contribution of saponin by AM fungi at crop harvest 
ranges between 2 and 4 fold as compared to control. In 
general, Glomus mosseae was found to be more 
effective followed by Glomus intraradices and Glomus 
fasciculatum.  
      The saponins, plant glycosides, are classified as 

steroid or triterpenoid saponins depending upon the 
nature of the aglycone (Mahato et al., 1982). The 
aglycone of steroid saponins is usually a spirostanol or its 
modification. A third group of saponins that are called 
basic steroid saponin contains nitrogen analogues of 
steroid sapogenins as glycones. Saponins have potent 
antifungal activity (Deore and Khadabadi, 2009) and their 
natural role in plants is likely to be in protection against 
attack by pathogenic microbes (Osbourn, 2003). The  
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Table 3. Biomass (g plant
-1

) at different stages of safed musli (Chlorophytum borivilianum) 
 

Treatment Plant age (days) 

                45                  90              270 

    Shoot     Root    Shoot     Root   Shoot    Root 

Control 1.05 0.41 - 4.58 - 7.02 

Glomus fasciculatum 1.62 3.30 1.54 4.86 - 9.87 

Glomus intraradices 3.51 3.96 4.99 14.34 - 14.86 

Glomus mosseae 3.35 6.65 4.85 19.34 - 13.59 

LSD (p = 0.05) 0.677 2.64 0.019 2.67 - 3.14 
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Figure 3. P concentration in safed musli (Chlorophytum borivilianum) under different crop age (I 
indicate the standard errors of mean)  

 
 
 
 
mycorrhizal conditions used might have stimulated the 
intracellular concentrations of secondary metabolites like  
saponins, which is the most potential medicinal 
compound in the roots of safed musli. The higher rate of 
accumulation as saponins in mycorrhizal plants may be 
due to higher rate of photosynthesis as we have noticed, 
in general, 3-5 fold increase in shoot biomass (Table 3) in 
mycorrhizal plants. Since the vegetative portion of 
mycorrhizal plants persist longer (50 to 90 days), it may 
helps to accumulate more saponins in the tuber. 

 
The more accumulation of saponins in later stage of 

plant growth (Table 2) may be due to restriction of shoot 
growth resulted the development of stress condition in 
safe musli plant. The results clearly demonstrated that 
safed musli should harvest after 270 days rather than 80 
to 90 days as recommended (Singh and Chauhan, 2003) 
because the saponin concentration is increased in later 
stage of plant growth of mycorrhizal inoculated plants 
(Table 2) as well as the P concentration has improved 
many folds (Figure 3).   The  present  results  also  clearly  



 
 
 
 
shown that mycorrhizal fungi inoculated safed musli have 
higher potential of transfer of carbon to the tuber. The 
higher saponin content in tuber would have higher 
medicinal value as herbal Viagra. The present result also  
supports the formation of secondary metabolites like 
saponins. The isolation of genes for saponins may also 
have potential for the development of improved disease 
resistance in cultivated cereals. The study thus suggests 
that the increase in saponin content is attributed to the 
mycorrhizal inoculation in safed musli.    
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