
  © 2019, IJSRBS All Rights Reserved                                                                                                                                      43 

 

 

International Journal of Scientific Research in _______________________________   Research Paper .  
Biological Sciences  

Vol.6, Issue.4, pp.43-50, August (2019)                                                                                  E-ISSN: 2347-7520 

DOI: https://doi.org/10.26438/ijsrbs/v6i4.4350 
 

Enhancing acclimatization of tissue cultured plants of Albizia amara by 

Biotization 
 

G. Indravathi
1,2*

, P. Suresh Babu
3 

 
1
Dept. of Biotechnology, KVR Govt. College for Women (A), Kurnool, Andhra Pradesh, India 

2
Dept. of Biotechnology, Jawaharlal Nehru Technological University, Anantapur, Andhra Pradesh, India 

3
Department of Biology, Indian Institute of Science Education and Research, Tirupati, Andhra Pradesh, India 

 

Corresponding author: gindravathi@gmail.com, Mobile No. : 9989067747 
 

Available online at: www.isroset.org 

Received: 20/Jul/2019, Accepted: 18/Aug/2019, Online: 31/Aug/2019 

Abstract- The anatomical, morphological and physiological characteristics of the in vitro developed micro shoots, for a 

majority of the woody species, have a great impact on subsequent rooting and survival after transfer to greenhouse conditions. 

Any effort to improve these characteristics by controlling the stressful culture conditions undoubtedly contributes to better 

rooting of micro cuttings and/or acclimatization of the microplants. In the present investigation,  timber yielding leguminous 

tree,  Albizia amara has been selected for micropropagation owing to their, importance as a plant with potential medicinal 

value.   Micropropagated plantlets usually exhibit high mortality rate upon their transfer from lab to land as a result of 

transplantation shock caused by abiotic and biotic stresses and weak root system. Biotization is the metabolic response of 

in vitro grown plant material to a microbial inoculum. It leads to morphological and physiological development of plant 

material thereby enhancing biotic and abiotic stress resistance. 

The in vitro grown micro shoots of Albizia amara with root primordia were treated with bio inoculants namely -  Pseudomonas 

fluorescens and Trichoderma viride and transferred to plastic pots containing sterilized potting mixture (soil: peat : vermiculite: 

perlite in  2:1:1:1). There were four treatments viz. control, treatment with T . v i r i d e  and P. fluorescens separately and 

dual inoculation. Percent survival of plantlets was observed maximum (82%) in dual inoculation, this must be due to the 

positive interaction between T.viride and P. fluorescens and their ability to enhance stress tolerance by protecting them 

from subsequent „transplantation shock‟. These plantlets also exhibited an increase in root length, the number of lateral 

roots, shoot length, leaf number, and plant biomass .  
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I. INTRODUCTION 

 

The genus Albizia, represented by over 100 species is 

confined to tropical or subtropical regions of Asia, Africa, 

and Australia.  About 16 species are indigenous to the Indian 

subcontinent.  Albizia species are cultivated as avenue trees, 

shade trees in tea and coffee plantation. Albizia species are 

socially significant for producing high-quality timber and as 

a valuable resource for gum yield. Albizia julibrissin, Albizia 

lebbeck, Albizia procera, and Albizia amara are some 

importantly considered species in Ayurvedic medicine. 

Albizia amara (Nallaregoo, Chigaraku) belonging to the 

family leguminaceae is a valuable economic medicinal and 

multipurpose drought-tolerant tree commonly found in dry 

forests of India.   

 

In the present investigation, A. amara has been selected for 

micropropagation owing to their, importance as a plant with 

potential medicinal value. There are few preliminary reports 

on tissue culture of A.amara [1]. Shoot bud regeneration 

from leaf explants of  A. amara was reported
 

[2].  

Micropropagation via axillary bud proliferation as described 

in A. amara, to regenerate true to type plantlets directly from 

seedling explants [3]. Limitations were observed in the 

acclimatization of micropropagated plants. The present 

proposal explores a reproducible and efficient protocol for 

enhancing the acclimatization of micropropagated plants by 

biohardening. 

 

Tissue culture plants possess certain characteristic features 

i.e Culture Induced Phenotype due to their acclimatization to 

the special environment in vitro. High mortality is often 

observed upon transfer to ex vitro conditions as the cultured 

plants have nonfunctional stomata, weak root system, and 

poorly developed cuticle. As a result, they are subjected to 

transplantation shock caused both by abiotic and biotic 

stresses of the outside environment. Of these, biotic factors 

play an important role as the aseptically raised plants die due 
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to their sudden exposure (particularly the root system) to the 

soil microflora. 

 

Biotization is a bio-hardening technique where young in 

vitro raised plantlets are exposed to useful endophytes (both 

fungi & bacteria) which invade the tissues of plants thereby 

promoting the growth of the host plants by the formation of 

secondary metabolites related to plant defense. Micro plant 

biotization is an emerging branch of science aimed at 

reducing chemical input in plant production whilst 

increasing plant fitness and productivity in the context of 

sustainable agriculture. 

 

II. RELATED WORK 

 

Rapid clonal multiplication of A.amara employing plant 

tissue culture was developed as problems with germination 

and recalcitrance nature of the tree is a constraint to natural 

regeneration. In the previous study, the development of 

complete plantlets via induction of multiple shoots from 

seedling derived cotyledonary node explant and their 

successful rooting was reported. But the successful transfer 

of in vitro raised plantlets to the soil during acclimatization 

was poor (50%) due to premature defoliation of leaflets. The 

present proposal explores a reproducible and efficient 

protocol for enhancing the acclimatization of 

micropropagated plants by ex- vitro rooting and 

biohardening. The objective of this study was to determine 

the effect of high auxin dip and bio inoculants treatment on 

root induction (invitro), root elongation(ex vitro) and plant 

survival of invitro raised plantlets of A.amara  during the 

acclimatization period.  

 

III. MATERIALS AND METHODS 

 

Establishment of aseptic cultures -  
Cotyledonary node explants obtained from 15-d-old 

aseptically raised seedlings of A.amara  were used for 

mu l t i p l e  s h o o t  i n d u c t i o n  on  MS medium 

containing 2.0 % sucrose, 0.8 % agar and BAP (1mg L
-

1
). T h e  explants were subcultured on the fresh medium 

after every 15  days for further shoot proliferation. Seeds 

of Albizia amara were procured in the month of April from 

SK University campus, Anantapur. 

   

Root induction: 

The micro shoots were separated from the multiple shoots 

proliferated from the cotyledonary nodal explant of 

aseptically raised seedlings of A.amara.  The base of the 

micro shoots was immediately dipped in high concentrated 

auxin solution for 30-60 minutes. After this, the micro-

cutting were grown in1/4 strength MS auxin free media in 

dark conditions for 6 to13 days for root induction at a 

temperature of 26-28
 o

C.  

 

Microbial cultures: 
The fungus, Trichoderma viride (MTCC Code - 4329)used 

in the present study was grown on Potato Dextrose 

medium at 28±2ºC for 10-12 d. The bacterium, 

Pseudomonas fluorescens (MTCC Code - 8127), used as 

bioinoculant was grown on n u t r i e n t  b r o t h
 
at 28±2ºC 

for 24 hours. The pure culture of the samples was p r o c u r e d  

from IMTech, Chandigarh. 

 

Preparation of bio inoculants: 

 Trichoderma viride cultures were streaked on potato-

dextrose agar medium and incubated at 28±2ºC for 10-12 d. 

The spores were scrapped and suspended in sterilized 

distilled water and used as inoculum at a density of 2 x 10
6
 

spores/ml. P. fluorescens was prepared in broth formulations 

containing 10
6

 Colony Forming Units (CFU)/ml.  

  

The inoculation technique differs depending on the 

substratum or the nature of the inoculum used [4]. Selection 

of quantity [5-8] and quality of inoculum is an important 

point both for in vitro and in vivo mycorrhization [9]. The 

inoculum should not only be pure but also be able to exhibit 

the desired biological effect. In the recent past, hyphae, 

spores, chlamydospores, and mycorrhizal roots have been 

used as inocula by various mycorrhizologists for in vitro, as 

well as in vivo mycorrhization whereas, for bacteria, broth or 

diluted sample is used for inoculation [10-12]. 

 

Treatment of Bioinoculants: 

To assess the efficacy of different bio-inoculants in 

increasing the in vivo establishment rate ,the micro-cutting 

with root primordia were taken out from the culture vessel, 

thoroughly washed with tap water to remove adhering agar , 

treated with bio-inoculants namely -  Pseudomonas 

fluorescens and  Trichoderma  viride and transferred them to 

200g of sterilized potting mixture (soil: peat : vermiculite: 

perlite in  2:1:1:1) in plastic pots (two plantlets/pot) . The 

plantlets were covered with plastic bags to maintain high 

humidity. The potting mix was moistened d a i l y  with 

1/4
th 

MS salt solution. Humidity was gradually reduced 

(from 70-45%) by making larger holes in the bags, later 

their covers were opened gradually.  There were four 

treatments viz. uninoculated control, biotization with 

T.viride, P. fluorescens individually and dual inoculation 

i.e. T . v i r i d e  + P. fluorescens. Initial data on percent 

plant survival were recorded after transplantation in shade 

conditions at different t ime intervals maintained at 

28±2ºC with 13/11 hours light/dark regime with 65-70% 

Relative Humidity (RH). 

 

A c c l i m a t i z a t i o n  S t u d i e s :  

Af t e r  o ne  mo n t h  t he root colonized plantlets were 

transplanted into earthen pots containing soil, sand
 

and 
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op 

farmyard manure (1:1:1) and were allowed to grow under 

nursery shade conditions. The soil substrate must provide 

good aeration, water drainage and must have an appropriate 

temperature (higher than ambient) and the pH must be 

adjusted according to the requirements of the plant species 

concerned [13,14]. In a suitable substrate with the 

appropriate temperature, roots become functional and 

resume enhanced growth. Watering was done daily to 

maintain the relative humidity.  

 

At the time of transplantation, various growth parameters 

were recorded from treated and untreated samples. Each 

experiment consisted of three replicates and 20 plantlets 

were used per treatment. Data was recorded 60 days after 

transfer of plants to pots. 

 

Plant Growth Measurement: 
The shoot length, leaf number, root number,  root length, 

p l a n t  b i o ma s s , percent survival, root colonization of 

inoculated and non-inoculated plants were recorded after 

60 days of m i c r o b i a l  inoculation.  

  

Root Colonization: 
Plantlets were microscopically examined for T . v i r i d e  

colonization by staining the r o o t s  with the trypan blue 

method [15]. The fungus colonized roots of A.amara were 

washed under running tap water, cut into small pieces and 

boiled in 10% KOH solution for 5 min. Later they were 

washed 3-4 times with sterilized distilled water and 

treated with 1% HCl for 3-4 min before staining with 

0.05% trypan blue in lactophenol. The stained root 

segments were microscopically examined (100X). The 

roots of control plants were also processed and examined 

similarly. The population count of P. fluorescens was noted 

by using a standard serial dilution pour plate method [16].   

 

IV. RESULTS 

 

Plant Survival: 
Survival rate w as recorded after 1 5 ,  3 0  a n d  6 0  

d a y s  of transplantation in the greenhouse. Maximum 

percent survival was observed in plantlets with dual 

inoculation followed by single inoculations with 

T . v i r i d e  and P. fluorescens over control (Figure). 

After two months of growth in the greenhouse, all the 

treated plants w e r e  transferred to the nursery. When 

transplanted to the greenhouse conditions after 60 days, d u a l  

inoculated plantlets showed better growth and higher 

survival percentage (82%) t h a n  T . v i r i d e  inoculated 

plantlets ( 63%) and  P. fluorescens inoculated plantlets 

( 55%). 

 

Microbial Colonization: 

Microscopic examination of infected stained roots revealed 

the presence of hyphae in the stained roots. Maximum 

roo t  colonization of A.a m a ra   was observed in dual 

inoculated plants followed by single inoculation with 

T . v i r i d e  o r  P. fluorescens after 30 d of biotization. 

  

Root-Shoot Length: 

After sixty days of growth in the greenhouse, a  

significant increase in root length and number of lateral roots 

was observed over control. An increase in shoot length 

and ro o t  l e n g t h  was recorded in all the treatments 

over control. Dual inoculation showed maximum shoot 

length and ro o t  l e n g t h . Plantlets inoculated both with 

T . v i r i d e  a n d  P. fluorescens attained maximum 

s ho o t  height of 12.56 cm and a root height 10.86 cm. 

Plantlets inoculated only with P. fluorescens attained 

s ho o t  height of 7.85 cm an d  root  length of 4.84 cm.  

Plantlets inoculated with T . v i r i d e  attained sho o t  height 

of 9.56 cm a nd  root length of 6.95 cm. Dual inoculated 

plantlets also showed a significant increase in the number 

o f  roo t s  (2.13) and root length (10.86 cm) per plantlet, 

which accounted for their improved growth. (Table).  

   

Leaf  Number: 

In dual inoculated plants maximum leaf number was 

recorded followed by single inoculations. Plantlets 

inoculated bo th with T . v i r i d e  a n d  P. fluorescens 

h a s  increased number of leaves (6.85) per plantlet. 

Plantlets inoculated with T . v i r i d e  s h o w e d  an 

average of  4.24  number of leaves per plantlet w h e r e a s  

P. fluorescens sh o we d  increased 4 . 8 3  number of 

leaves per plantlet as compared to control plantlets with 2.3 

leaves per plantlet as observed after 2  months of their 

growth in the greenhouse (Table).  

 

Plant Biomass: 

T . v i r i d e  a n d  P. fluorescens treated plantlets also 

showed an increase in total p l a n t  b i o m a s s ,  fresh 

weight of 1.12 g and dry weight of 0.28g per plantlet was 

recorded (Table ).  P. fluorescens treated plantlets showed 

0.79 g of total fresh weight and dry weight of 0.18g whereas  

T . v i r i d e  treated plantlets showed f r e s h  w e i g h t  

0.92 g and dry weight of 0.20g  per plantlet but less compared 

to dual inoculation.  

 

V. DISCUSSION 

 

Effect of bio inoculants on plant survival and growth 

In general, micropropagated plants exhibit high mortality 

rates upon their transfer to soil. Even five percent o f  

mortality causes an  e n o r mo u s  loss during commercial 

plant production. The greenhouse and field possess 

comparatively lower humidity, higher light intensity and 

septic atmosphere that are stressful to micropropagated 

plants as compared to in vitro conditions [17]. The 

advantage of any micropropagation system may be 

accomplished only by the successful transfer of plantlets 

from in vitro conditions to the ambient conditions found ex 

vitro.  
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One of the distinctive features of this study was the 

incorporation of a bio-hardening step at the time of soil 

transplantation. Bio-inoculants such as  Pseudomonas 

fluorescens and Trichoderma viride were found highly 

effective in improving the survival frequency. Use of bio 

inoculants throughout the acclimatization stage protected 

micropropagated young plantlets from „transplantation 

shock‟. Plant growth and biomass were greatly influenced 

by nutrients and environmental conditions. Plant survival 

was observed maximum in dual inoculation, this must be 

due to the positive interaction between T.viride and P. 

fluorescens and their ability to improve stress tolerance by 

protecting them from subsequent „transplantation shock‟.  

Pseudomonas strain PsJN increased the tolerance to 

transplanting stress in potato and was found t o  b e  the 

f o r e most effective plant growth-promoting bacterium 

under in vitro conditions [18].  

 

Maximum colonization of T.viride and the bacterial count 

was observed in dual inoculated plants which can be due 

to their synergistic effect. This is attributed to the fact that 

mycorrhizal root tips support slightly higher populations 

of Pseudomonas than non-mycorrhizal root tips, possibly 

due to the provision of additional colonization sites or 

altered root exudation in mycorrhizosphere [19]. The 

increase in survival rate could also be due to the synergistic 

effect of T. viride with P. fluorescens which can solubilize 

additional phosphorus within the soil by producing organic 

acids [20]. Similarly, T. viride or P. fluorescence alone and 

also their combined effect on growth improvement was also 

reported by other workers [21,22]. Von Alten emphasized 

the use of mycorrhizae-helping bacteria (MHB) for 

enhancement of growth of the plants [23]. He reported that 

rhizosphere strains of Bacillus mycoides and P.fluorescens 

promoted AMF formation in various crop plants by 

improving the susceptibility of roots to AMF. It was 

reported that combined use of Glomus mosseae and P. 

fluorescens caused a good increase in plant growth of tomato 

as compared to individual application of both the organisms 

[24]. Plant- microbial mediated interactions among 

P.fluorescens, Rhizobium leguminosarum, and AMF on Pea 

was studied [25]. They found that P. fluorescens F 113 

enhanced nodulation by Rhizobium fourfold by producing 

larger and highly pigmented nodules.  

 

Other rhizosphere microorganisms which are known to act 

as a phytostimulators or which possess antagonistic activities 

toward plant pathogens can also be used alone or in 

conjunction with arbuscular mycorrhizal fungi for biotizing 

microplants. Among these beneficial microorganisms, there 

are both bacteria like Pseudomonas spp. , Bacillus spp., and 

fungi such as Gliocadium spp. and Trichoderma spp [26,27]. 

Similar reports of plant biotization with more than one 

microorganism are reported in some species [28-31]. 

 

Biotization with friendly associates like AMF, symbiotic 

endophytes or pathogen antagonists also protect the juvenile 

axenic plants from the infestation of the harmful saprophytes 

[32,33]. The colonization of Glomus and Trichoderma 

species is also known to reduce the osmotic potential of 

plants [34-37]. Populations of microbes having antagonistic 

activity against soil-borne pathogens can be stimulated by 

mycorrhization [38]. The reason for this effect is unknown 

but other rhizosphere microbe communities can also be 

modified by mycorrhizal fungi [39]. These observations 

indicate that mycorrhizal fungi can structure communities of 

beneficial soil microbes around roots and so could condition 

the results of multi microbial biotization. 

 

 In the present study, dual inoculations showed a 

significant number of lateral rootlets,  increase  in  roo t  

length as compared to single inoculations due to the 

presence of beneficial microflora, which may have 

produced growth-promoting substances. Better root 

system helped in more nutrient uptake, which resulted in 

healthy plants with more shoot biomass, as healthy roots 

result in a healthy plant. Similar findings have been 

made using P. fluorescens Aur6 and ectomycorrhizal 

fungus, Suillus granulatus, as dual inoculants in Pinus 

halepensis [40]. Significantly higher root-shoot biomass in 

different crops like Maize, Bacopa, Poplar with d u a l  

inoculation has also been reported [41].
 

              

When transplanted to the greenhouse conditions, the P. 

fluorescens inoculated A . a m a r a  plantlets showed better 

growth and 5 5 %  survival percentage.  S i m i l a r  

r e s u l t s  w e r e  r e p o r t e d  f r o m  g reenhouse 

experiments of plants derived from dual cultures of potato 

and the pseudomonad bacterium which had a larger root 

system, set stolons and tuberized earlier, and gave better 

tuber yield than non- bacterized controls [42]. Both in vitro 

and ex vitro benefits of bacterization depended on plant 

species, cultivar, and growth conditions [43,44].  

 

Dramatic root growth promotion was induced by a 

pseudomonad bacterium co-cultured with herbaceous plants, 

potato, tomato, watermelon, cucumber and pepper [44-46]. 

Significant elongation of roots in Brassica campestris 

seedlings by a strain of Pseudomonas putida was studied 

[47]. In vitro co-cultivation of soybean cotyledon explants 

with two strains of Pseudomonas maltophilia, stimulated the 

development of nodular callus with high regeneration 

potential [48]. In a study, shoot explant bacterization of 

Oregano with a Pseudomonas spp. prevented vitrification 

[49]. The Oregano plantlets were co-cultured with the 

Pseudomonas spp.  had lowered water content and contained 

more phenolics and chlorophyll than non bacterized 

controls. Bacterized plantlets were greener, had elevated 

levels of cytokinins [45], phenylalanine ammonia-lyase, free 

phenolics and contained more lignin [50]. It was also 

reported that P. fluorescens can produce plant growth-
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promoting substances and some secondary metabolites 

which enhance nutrient uptake and plant growth [51].  

 

When transplanted to the greenhouse conditions, the 

T . v i r i d e  inoculated A . a m a r a  plantlets showed better 

growth and 63 % survival percentage.  Reports show that a 

dip in T. viridae had stimulated root proliferation in Neem 

by its ability to colonize at the base of micro shoots [52]. 

Harman reported that bio-control agent T. viride is a good 

additive to greenhouse potting mix [53]. It can reduce 

fungicide use in greenhouses by limiting root- borne 

diseases and protect transplants in the field by its ability to 

stimulate root proliferation and root colonization.   

 

The University of Connecticut reports that T. viride grows 

on the surface of roots where it helps in disease control and 

enhances root growth. Once Trichoderma colonizes the root, 

it improves growth in two ways, first, it kills pathogenic 

fungi causing root rot and, secondly, it protects the roots 

from physical stresses enabling them to grow faster. It was 

reported that T. viride when applied alone to Broccoli, 

showed maximum root P and shoot N content [54]. The 

enhanced vegetative growth of Broccoli in Trichoderma 

treated plants could be due to the root colonizing ability of 

the fungus that resulted in better nutrient absorption through 

increased root biomass.  

 

Thus biotization of micropropagated A . a ma r a  plantlets 

with beneficial microflora as increased plant survival and 

growth which clearly explains its potential use as growth-

promoting agents. The development of multi microbial 

biotization that combines microbes with complementary 

functions for promoting plant growth and health is, 

therefore, a more promising technology. However, its 

application appears more difficult and requires considerable 

progress in our knowledge about functional compatibility 

between beneficial microbes in the rhizosphere. The 

induction of stress resistance in plant propagules produced in 

vitro before transplanting is a primary target of several 

research groups attempting the utilization of microbial 

inoculants in micropropagation [34,45,55].  

 

VI. CONCLUSION AND FUTURE SCOPE 

 

To our knowledge, our study is the first to describe 

biohardening of A.amara by -  Pseudomonas fluorescens and 

Trichoderma viride. Biotization of micropropagated 

A . a ma r a  plantlets with d u a l  i n o c u l a t i o n  o f  T.viride 

and P. fluorescens increased maximum plant survival 

(82%) than inoculation with either T.viride (63%) or P. 

fluorescens(55%). Plant survival was observed maximum in 

dual inoculation, this must be due to the positive interaction 

between T.viride and P. fluorescens and their ability to 

improve stress tolerance by protecting them from 

subsequent „transplantation shock‟. Biotized plants showed 

root colonization of T.viride and exhibited the presence of 

hyphae in roots as well as rhizospheric colonization of P. 

fluorescens. The increase in survival rate could also be due 

to the synergistic effect of T. viride with P. fluorescens 

which can solubilize additional phosphorus within the soil 

by producing organic acids. Biotized field-grown plants 

exhibited an increase in root length, the number of lateral 

roots, shoot length, leaf number and plant  biomass  in 

dual inoculation which were significantly better over single 

inoculation as well as uninoculated control. 

 

Thus microplants represent an ideal material for developing 

basic research on microbial biotization. Application of multi 

microbial biotization to microplants requires knowledge and 

understanding of the compatibility between different 

beneficial microorganisms in their interaction within the 

mycorrhizosphere, rhizosphere, and rhizoplane. Thus 

biological hardening envisages physical, chemical and 

environmental conditioning of the micropropagated 

plantlets.  Development of new culture methods allowing the 

establishment of stable associations between plants and 

beneficial organisms in vitro and ex vitro at the molecular 

level and understanding the mechanisms of signal 

recognition and transduction under different environments 

are probably the important areas of research to be explored. 
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Table 1 - Effect of  bio inoculants  on  growth parameters of  micropropagated Albizia amara 

Treatment 
%Survival after 

60 Days 

Root length  

(cm)    Mean + 

S.D 

Shoot length 

(cm)    Mean + 

S.D 

No. of leaves        

Mean + S.D 

Total plant 

biomass         

Fresh Wt (g) 

Mean + S.D 

Total plant 

biomass         

Dry Wt (g) 

Mean + S.D 

Control           5.0 2.32 + 0.41 4.24  +  0.25 2.32  +  0.21 0.32  +  0.11 0.06  +  0.10 

P.fluorescens 55.0 4.84 + 0.5 7.85  +  0.35 4.83  +  0.18 0.79  +  0.15 0.18  +  0.11 

T.viride 63.0 6.95 + 0.53 9.56   +  0.24 4.24  + 0.15 0.92  +  0.14 0.20  +  0.12 
P.fluorescens +  

T.viride 

 

82.0 
10.86 + 0.35 12.56  + 0.28 6.85  + 0.15 1.12  +  0.15 0.28  +  0.11 

 

 

 
Figure 1: Effect of  bio inoculants  on  growth parameters of  micropropagated Albizia amara 
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