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ABSTRACT 
Micropropagated plantlets of Chlorophytum borivilianum exhibit high mortality rate upon their 
transfer to soil as a result of transplantation shock caused by biotic and abiotic stresses and weak 
root system in the absence of beneficial microflora. Biotization of micropropagated plantlets 
with the vesicular-arbuscular mycorrhizal fungus Glomus fasciculatum improved formation of a 
well-developed root system that was converted into a mycorrhizal system. Introduction of the 
mycorrhizal fungus at the time plantlets were transferred from in vitro to ex vitro conditions 
improved shoot and root growth, saponin accumulation and helped plants to tolerate 
environmental stress at transplanting. After 270 days, saponin content and root growth in all the 
mycorrhizal inoculated plants was found to be greater than in non-mycorrhizal material. Thus, 
mycorrhizal inoculation improved survival and secondary metabolite accumulation by 
micropropagated C. borivilianum. 
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INTRODUCTION 
Diverse biotic and abiotic challenges endanger 
the survival of plants that have sedentary life 
style therefore these plants of that have terrestrial 
ecosystem establish mutually beneficial 
relationship with useful microorg-anisms like 
bacteria or fungi. Microorganisms colonize the 
plants both externally and internally in their 
natural environment. Interaction of beneficial 
bacteria or fungi with plants can be improve 
plant performance under stress environment, and 
consequently enhance yield. Biotization is the 
metabolic response of in vitro grown plant 
material to microbial inoculums. Now-a-days 
microbial inoculants bacterial or mycorrizal are 
being evaluated as propagle priming agents for 
successful transplanting also called biopriming. 
Biotization could be achieved during in vitro to 
under ex vitro conditions. 
The tuberous roots of Chlorophytum 
borivilianum, commonly known as safed musli 

of family Liliaceae, possess adaptogenic and 
immunomodulatory properties and are used to 
treat impotency, sterility and boost male 
potency. The main active ingredients of roots, 
saponins are metabolic enhancers and 
stimulants and also shown to possess anti-
tumour activity1. The extract of dried root 
tubers of C. borivilianum acts as psychostim-
ulant and has a positive effect on the brain and 
human body by increasing mental ability, 
intelligence, sexual characters and alertness. 
Due to its therapeutic activity and diversified 
uses, demand for C. borivilianum is increasing 
in Indian and the international market. Its 
seeds have poor germination percentage, low 
viability and long dormancy period therefore, 
it is propagated vegetatively by fleshy tuberous 
roots bearing shoot buds2. 
In India, cultivation of C. borivillianum is 
gaining popularity among farmers due to its 
profitable commercial value, but the lack of 
scientific acumen and costly inputs (chemical 
fertilizers and pesticides) becomes a constraint to *Author for correspondence 
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produce the high yield to fetch the competitive 
price and fulfill the market demand nationally 
and internationally. In the arid and semi arid 
environments, the crop production is 
unsustainable and unreliable due to poor soil 
fertility status, lack of precipitation and 
uncongenial climatic conditions. Application of 
appropriate technological approach for 
overcoming unsuitable cultivation practices may 
result in increased tuber yield in the arid soil3. 
Microorganisms are important attributes in 
agriculture to promote circulation of plant 
nutrients and reduce the need for chemical 
fertilizers4,5. Arbuscular mycorrhizal fungi are 
being frequently used in sustainable 
agriculture, due to their ability to increase 
nutrient uptake and water transport. In arid and 
semi arid areas of India the mycorrhiza are 
frequently distributed. Mycorrhizal symbiosis 
plays an important role in nutrient cycling in 
agricultural and natural ecosystem6. Mycorr-
hizal fungi colonize the root cortex of plants, 
obtain photosynthates and other growth factors 
from the host and develop an extrametrical 
hyphal network that can absorb nutrients and 
water from the soil. The microbiologically 
solubilized phosphate could, however, be taken 
up by a mycorrhizal mycelium, thereby, 
developing a synergistic microbial interaction7. 
Mycorrhizal plants frequently show resistance 
to drought and environmental stresses8, thus 
increasing plant growth and yield, improving 
crop uniformity and reducing phosphorous and 
micronutrient requirements.  

AIMS AND OBJECTIVES 
The present report investigated mycorrhizal 
inoculation improved survival and secondary 
metabolite accumulation by micropropagated 
C. borivilianum. 

MATERIAL AND METHODS 
Plant and microbial material 
An experiment was conducted on 
micropropagated plantlets of C. borivilianum 
crown shoot buds from selected sprouted roots, 
cultured on MS medium with supplements. 
Shoot proliferation was achieved on MS 
medium supplemented with BAP (2.5mg/l). 
Shoot clumps were rooted on MS suppleme-
nted   with   IBA (2.0mg/l). Complete plantlets  

thus obtained were hardened in trays and 
biotized with Glomus faciculatum. 
Biotization 
The micropropagated Chlorophytum borivili-
anum clones of similar weight and height were 
planted in pot (15 lt capacity), containing the 
soil mixture and sand (2: 1; v/v). The soil 
mixture was pre-sterilized in an autoclave at 
1210C (30 min) to ensure elimination of any 
symbiont in the soil mixture. One set of plants 
was kept as control (non-mycorrhizal) and 
another set was inoculated with 5 gm of VAM 
consortium at the rate of 300 spores/gm in the 
rhizosphere. Both the sets were maintained 
under appropriate conditions for hardening in 
the Botanical Garden of the Environmental 
Biology Departmnent (A.P.S. University) of 
Rewa, India. The plant materials were harves-
ted after 270 days. Fresh and dry weight of 
roots was measured. 
Saponin content in the roots was estimated at 
harvesting periods (270 days) by using soxhlet 
extraction. Grinded the dried C.borivilinum 
tubers to a fine powder. Powdered plant 
materials were weighted and extracted success-
sively with petroleum ether (for defatting) and 
then with methanol in soxlate apparatus. 
Standard saponin solution prepared by dissolve 
10 mg of diosgenin in mixture of methanol (16 
mL) and distilled water (4 mL). To the aliquots 
for each tube, vanillin reagent (8%, 0.25 mL) 
was added and sulphuric acid (72% v/v, 2.5 
mL) added slowly on the inner side of the wall. 
The solutions were mixed well and the tubes 
were transferred to a 600C water bath. After 10 
min. incubation, the tubes were cool in ice cold 
water bath for 3 – 4 mins. The absorbance was 
measured at 544 nm against the reagent blank. 
0.1 g of freeze dried sample was dissolved in 
aqueous methanol (80%, 0.1 mL). 0.25 mL of 
aliquot was taken for spectrophotometric 
determination for total saponins at 544 nm9,10. 

RESULTS AND DISCUSSION 
The experiment involved a pot trial. The 
objective was to enhance the VAM endophyte 
population in micropropagated plantlets of 
Chlorophytum borivilianum using loamy sand 
soil collected from agricultural lands of 
Rewa.11,12 The experiment consisted of a 
randomized complete block design with 10 



ISSN  0973 – 6921 ; E – ISSN 2319 – 5983                                                   J. Environ. Res. Develop. 
Journal of Environmental Research And Development          Vol.11 No. 01, July-September 2016 

153 
 

replicates. Vesicular arbesicular mycorrhiza 
(VAM, Glomus faciculatum) was procured 
from CIMAP, Lucknow, India. Treatments 
were carried out viz. inoculated with Glomus 
fasciculatum. Inoculum containing 1500 spores 
was placed in each VAM treatment.13-16  
Efficiency of VAM fungi (Glomus 
fasciculatum) on in vivo acclimatization of C. 
borivilianum plantlets developed in vitro 
(Table 1) 
The micropropagated plantlets were inoculated 
with VAM fungi at the root initiation stage in 

poly house and the effect of AM inoculation 
was checked after growing the plants.17,18 
It was found that mycorrhizal inoculation 
positively affected survival of acclimatized of C. 
borivilianum plantlets developed in vitro. A high 
percent (82%) survival of acclimatized plants 
was achieved with VAM fungi. It is concluded 
from the finding that VAM fungi can be used as 
an efficient biofertilizer as it greatly enhances the 
growth and survival status of micropropagated 
plantlets and help them to acclimatize in ex vitro 
conditions more readily.19-22 

Table 1 : Efficiency of VAM fungi (Glomus fasciculatum) on in vivo acclimatization 
of C. borivilianum plantlets developed in vitro 

VAM fungi used 
% survival after 

15 days 30 days 45 days 

Control 72 41 12 

Glomus fasciculatum 95 89 82 

Effect of VAM fungi (Glomus fasciculatum) 
on root weight (fresh), root length and 
Total Saponin Contents (TSC) of C. 
boriviolinum  
It was found that mycorrhizal inoculation 
positively affected all the parameters including 
root   length,  root   weight etc. root length and  

root weight was found to be maximum in case 
of VAM fungi (Glomus fasciculatum) 
inoculated into soil (Table 2). 
Our experiment is first of its kind to enhance 
the saponin accumulation in C. borivilianum 
by VAM species and found significant 
increase in the mycorrhizal plant material.

Table 2 : Effect of VAM fungi (Glomus fasciculatum) on root weight (fresh), root 
length and total saponin content in C. boriviolinum 

S/N Treatment Mean fresh root 
weight(per plant) 

Root length 
(average) 

Total saponin 
content (in mg/g) 

1 Control 8.12gm 4.15cm 81.32±1.212 

2 Glomus fasciculatum 10.25gm 5.56cm 95.55±1.017 

The results clearly demonstrated that safed 
musli should be harvested after 270 days as the 
saponin concentration is increased in the later 
stage of plant growth in the case of plants 
colonized by VAM. The exact mechanism by 
which the VAM symbiosis promotes such an 
effect remains to be elucidated. It could be 
thought  that    mycorrhizal  plants were simply  

better hydrated than nonmycorrhizal ones due 
to direct fungal water uptake and its transport to 
the plant. However, it is unlikely that this is the 
only mechanism involved. But VAM species as 
biofertilizers can be used extensively for the 
cultivation of medicinal plant species like C. 
borivilianum for the production of their active 
secondary metabolites on the large scale (Fig. 1). 
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Fig. 1 : A-F  Bio-hardening of in vitro raised C.borivilianum without bioinoculant (control) A and 
with bioinoculant  (Glomus faciculatum)  B, C and D. Established plants after 45 days, E and F. 

Fingers development in grown plants after seven months of growth 

CONCLUSION 
It is concluded from the findings that VAM 
fungi can be used as an efficient biofertilizer as 
it greatly enhances the growth and saponin 
contents. As mycorrhizal symbiosis enhances 
plant growth and helps in restoring soil fertility 
and their potential as biofertilizers and biopro-
tectants to enhance the growth and survival of 
micropropagated plantlets. It was observed in 
the present investigations that VAM 
inoculation enhanced saponin (95.55mg/g) 
contents of C. boriviolinum compared to 
control plants (uninoculated).  
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