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Abstract:- The physiological, anatomical and 

morphological features of the plantlets developed under 

in vitro conditions, have a strong impact on plant survival 

after transplantation to ex vitro conditions. The 

leguminous tree, Albizia amara has been selected for 

tissue culture studies in the present investigation, as it 

possesses immense medicinal properties. During 

acclimatization, the effect of bioinoculants on plant 

physiology was determined in terms of autotrophic 

activity by measuring the amount of fructose, 

chlorophyll and carotenoids of the leaf samples. The 

nutrient content in biotized plants was observed by 

estimating NPK % and micronutrient content. The water 

retention capacity of leaves was measured in terms of 

percentage of water loss. The present study reported that 

biohardening of tissue cultured plantlets with mixed 

inoculum of Pseudomonas fluorescens and Trichoderma 

viride  enhanced plant survival rate due to its increased 

photosynthetic rate, efficient uptake of water, macro and 

micronutrients.  

 

Keywords:- Albizia Amara, Autotrophic Activity, 

Biohardening, Nutrient Content, Water Retention Capacity. 

 

I. INTRODUCTION 

 

Albizia amara is a plant of potential medicinal value 

commonly found in dry forests of India. Its common name 

is Nallaregoo (or) Chigaraku in telugu and it belongs to the 

family leguminaceae. Phytochemical constituents extracted 

from A. amara  are extensively used in traditional 

medicine(Sastry et al.1967) . Minimum work was done on 

tissue culture studies of Albizia amara. Earlier studies 

reported plantlet regeneration from cotyledonary bud 

explants derived from aseptically grown seedlings but 

during transplantation limitations were observed (Indravathi 

et al.2019a). The present work uses an efficient protocol for 

increasing  the survival rate of tissue cultured plants of 

A.amara by using auxin dip  for  in vitro root induction 

followed by biohardening and root development under ex 

vitro conditions (Indravathi et al.2020). 

 

The use of microorganisms for seed treatment was an 

age-old science, but the inoculation of microbes for 

hardening of tissue culture plantlets is a new aspect. When 

in vitro grown plantlets were treated with microbial cultures, 

there is a change in plant metabolic response which is called 

as Biotization. Biotization leads to the development of 

plantlets morphologically and physiologically by providing 

biotic and abiotic stress resistance (Nylund et al. 1989). In 

the present scenario, microorganisms like fungi and bacteria 

were used as biopriming agents for successful 

acclimatization. Biotization can be done during root 

formation either under in vitro (or) ex vitro conditions. Thus, 

application of beneficial plant growth-promoting microbes 

during biohardening envisages the overall development of 

micropropagated plantlets (Indravathi et al.2019b).Earlier  

studies reported  the improvement of  morphological, 

anatomical, physiological and pharmacological features of 

the plantlets successfully survived under ex vitro conditions 

during acclimatization after application of bioinoculants 

(Indravathi et al.2019a). 

 

The present paper analyses the efficacy of 

bioinoculants in enhancing certain physiological 

characteristics of the tissue culture plants after 

transplantation to ex vitro conditions. The effect of 

biohardening on plant physiology was determined in terms 

of autotrophic activity by measuring the amount of fructose, 

chlorophyll and carotenoids of the leaf samples. Efficient 

nutrient uptake in bioinoculant treated plants was observed 

by estimating NPK % and micronutrient content by using 

dried plant material. The water retention capacity of leaves 

was measured in terms of percentage of water loss.  

 

II. MATERIALS AND METHODS 

 

A. Establishment of Aseptic Cultures, Multiple Shoot 

Induction & Root Induction 

Healthy seeds of A.amara  were surface sterilized and 

inoculated in Murashige and Skoog (MS) half strength 

medium. All cultures were maintained at a temperature of 25 

 20 c, 2000 lux light and with a photo period regime of 16 

hrs light/8 hrs dark diurnal cycles. From two week old 

aseptic seedlings, c otyledonary node explants were 

separated and subjected to mu l t i p l e  s h o o t  i n d u c t i o n  

using MS   medium containing sucrose (2.0 %), agar (0.8%)  

fortified with BAP (1mg/ l ). Healthy microshoots from the 

proliferating shoot cultures were excised and immediately 

dipped in different types of auxin solution and subjected to 

root induction under in vitro conditions. 

 

B. Treatment of Bioinoculants 

The microshoots of A.amara with root initials were 

taken out from root induction medium and hardened with 

microbial inoculants namely - Pseudomonas fluorescens 

( M T C C - 8 1 2 7 ) and Trichoderma viride (MTCC-

4329). The microbial pure cultures were o b t a i n e d  from 
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IMTech, Chandigarh. The   inoculum density of the fungal 

spores used in the present study was 2 x 10
6

 spores/ml 

whereas for bacterial inoculation diluted broth sample was 

used  with an inoculum density of   1 x 10
6

 CFU/ml. Four 

treatments were employed one is control, the  o ther  two  

inc lude  biohardening with T.viride (Tv), P. fluorescens 

(Pf) individually and the last treatment was done by using 

mixed inoculum i.e. P. fluorescens + T . v i r i d e  (Pf + 

Tv). The treated microshoots were transferred to sterile 

potting mix (vermiculite: peat: perlite: soil in 1:1:1:2) in 

plastic pots covered with plastic bags containing holes. All 

plants were maintained under standard greenhouse 

conditions.  

 

C. Acclimatization Studies 

T he biohardened a n d  c o n t r o l  plantlets were 

l a t e r  transferred to pots containing sand, farmyard 

manure
 
and s o i l  in 1:1:1 ratio and grown under shade 

conditions. The results on plant survival rate were 

recorded at distinct time intervals (15,30 and 60 

days) after transfer to ex vitro conditions (Fig.1).  Various 

p lant  gro wth parameters of biohardened and control 

plantlets were recorded sixty days after transplantation. In 

the present paper the efficacy of bioinoculants on certain 

physiological characteristics (autotrophic activity, nutrient 

content and water retention capacity) of the tissue culture 

plants after transplantation to ex-vitro conditions were 

studied. 

 
Fig 1: Illustration on Strategy to Improve Rooting & Acclimatization of Tissue Culture Plants 

 

D. Effect of Biohardening on Plant Physiology- Autotrophic 

Activity 

The autotrophic activity of biohardened and control 

plantlets were estimated by measuring the content of 

carotenoids, chlorophylls, free fructose and total fructose. 

For each treatment, plant material was taken from 60-day old 

plants and 3 replications were carried out. Shoots and Leaves 

were taken randomly from three types of biohardened plants 

[(Tv), (Pf), (Pf+Tv)] and control plants to study the effect of 

bioinoculants on plant physiology. Five plants were taken 

randomly from each type of treatment and each experiment 

was repeated thrice. 
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 Autotrophic Activity- Total Chlorophyll & Carotenoid 

Content  

The concentrations of Chlorophyll a (Ca), Chlorophyll 

b (Cb), and  Carotenoids (Cx+c) pigments were tested by 

adapting Lichtenthaler  method (Lichtenthaler et al.2001).  

Fresh leaves were collected from biohardened and control 

plantlets. The leaf samples were weighed (100mg) and 

placed in glass tubes. To the leaf sample, 10 ml of 100% 

acetone was added and blended by a homogenizer. The 

sample was subjected to centrifugation (2500 rpm for 5 

minutes) and the supernatant was transferred to glass vials 

and used for chlorophyll and carotenoid estimation. Since 

carotenoids and chlorophylls are extremely light sensitive 

and easily become photobleached, the extraction and 

concentration procedures were performed in dim light. For 

correct pigment values the quantitative determination of 

chlorophylls and total carotenoids in the whole leaf extract 

were carried out immediately after preparation of the extract. 

The carotenoid, chlorophyll a and chlorophyll b content of 

the samples were recorded by UV-visible spectrophotometer 

(Model No. Systronics -118) at 470 nm, 662 nm and 644 nm 

wavelengths respectively (Fig.2). 100% acetone solution 

was taken as blank. The results were calculated and 

represented as amount of pigment in ug / g Fresh Weight of 

the sample. 

 

Chlorophyll a: Ca = 12.25 A663.2 – 2.79 A646.8 

Chlorophyll b: Cb = 21.50 A646.8 – 5.10 A663.2 

Total carotenoids: Cx+c = (1000 A470 – 1.82 Ca – 85.02 

Cb) / 198 

 

 
Fig 2: Extraction & Estimation of Chlorophyll, Carotenoid and Fructose 

 

 Autotrophic Activity- Fructose Content  

The fructose content (total and as sucrose) of 

biohardened and control plantlets was estimated using 

modified Roe’s method (Davis et al.1967). The 

chromophoric substance  obtained in this method was 

evaluated by spectrophotometer at 420 nm, which was  

proportional to the amount of fructose present in the 

unknown sample. Fructose standard was prepared by 

dissolving 10 mg of fructose in 100 ml of distilled water. 

 

Shoots were collected and shade dried from inoculated 

and control plants. The dried sample was weighed and to this 

0.05% Resorcinol and HCl (12 M) was added. The sample 

mixture was heated at 77°C for 8 minutes and cooled 

immediately. This determines the total fructose present in 

the sample. This test does not distinguish between fructose 

fraction present in sucrose and free fructose of the tested 

sample. The fructose fraction in sucrose was estimated by 

destroying the free fructose in the sample using hot 

potassium hydroxide (2N KOH). The difference between 

total fructose and the fructose fraction contained in the 

sucrose represents the content of free fructose. The 

experiment was repeated thrice and the absorbance was 

measured at 420 nm . The experiment results were 

represented as amount of fructose in mg / g distilled water of 

the sample using an equation that was obtained from the 

fructose standard graph. Free fructose (%) was calculated as 

(Free fructose/Total fructose) x 100  

 

E. Effect of Biohardening on Plant Physiology- Nutrient 

Content:        

Sixty day old biohardened and control plants were 

collected, dried and evaluated for nutrient content using 

standard procedures. The plants were examined for nitrogen, 

phosphorus and potassium (NPK) content and 

micronutrients such as Zinc, Copper, Manganese and Iron. 

NPK content was evaluated by micro Kjeldahl method, 

Vanadomolybdate method, and Flame photometry 

respectively. The micronutrients were estimated using 

atomic absorption spectroscopy. 
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 Nutrient Content - Determination of Total Nitrogen in 

Plant Samples 

 

Total nitrogen in the plant samples was tested by 

adapting Micro-Kjeldahl method and calculations 

(AOAC,1995). The procedure consists of 3 steps: 

 

 Digestion: Plant sample was dried, weighed (0.5g) and 

transferred to digestion tube. To the plant sample, 10ml 

of conc. H2 SO4   and catalyst mixture (K2SO4, CuSo42 

H2O, Selenium in 50:10:1) was added and loaded to the 

digestion tubes. The sample mixture was heated at 100 
0C until foam disappears. At the end of digestion process 

the sample turns to light green colour or colourless. 

 Distillation: The digestion tubes were cooled, and the 

samples were transferred to distillation unit. 40 % NaOH 

was added automatically to distillation unit. The digested 

sample liberates ammonia which was absorbed by boric 

acid and causes a colour change from pink to green. 

Blank sample was also maintained. 

 Titration: The sample obtained from distillation unit was 

titrated with H2SO4 (0.02N). This changes the distillate 

colour from green to pink. The titer reading of both         

sample and blank (ml) was noted. Finally, the nitrogen   

content of the samples was calculated as follows: 

 

 

Nitrogen Content (N%) =   R x Normality of Acid x Atomic Wt. of N2 x 100

                                              Sample Weight (g) x 1000 

 

                                                      =     R x 0.1 x 14 x 100 

 

                                                     0.5 x 1000 

 

Where R = (Sample titre- Blank titre) 

 

 Nutrient Content - Determination of Phosphorous in Plant 

Sample 

 

The phosphorus content of the plant samples was 

evaluated by Vanadomolybdate method using colorimeter. 

The phosphorus present in the plant sample reacts with 

Vanadate molybdate to give a yellow colour complex 

compound in acidic medium. The colour intensity form the 

basis of quantitative estimation of total phosphorus present in 

the plant samples(Koenig et al. 1942).   

 

Plant sample was dried, weighed (1g) and transferred to   

digestion flask.  Diacid (3:1 - Nitric acid: Perchloric acid) 

mixture  was added to t h e  s a m p l e ,  mixed well and 

heated .The solution was filtered and the volume was made 

to 100ml  using distilled water and stored in air tight 

container. To 10 ml dilute, 10 ml ammonium molybdate 

vanadate solution was added and the contents were mixed 

well. The volume was made to 50 ml and the reading was 

recorded using spectrophotometer at 420 mm and the P 

content was measured using a standard curve. 

 

Phosphorus content (P %) =     F x R x 100 x 100 

   10000 x 1000 x 10 x 1 

 

 

Absorbance of plant sample   : R 

Absorbance of standard      :   A 

Concentration of standard      : B ppm 

F (Factor)       :  B / A 

 

 Nutrient Content -Determination of Potassium in  Plant 

Samples 

 

The estimation of potassium was done using flame 

photometry (Black 1965). Plant sample was dried, weighed 

(1g) and transferred to   digestion flask.  20-25 ml of   acid 

mixture (750 ml conc. HNO3 + 150 ml conc. H2SO4 + 300 ml 

of   HClO4) was added, mixed well and heated on a hot plate. 

Digestion process gets completed when sample becomes 

colourless. The sample was cooled and 20 ml H2O was added 

and filtered into a 100 ml volume flask. By using flame 

photometer, the potassium content of the aliquots was 

measured using red filter at selected wave length (767 mm). 

 

Potassium content (P %) = Reading obtained x 4x 10-3 

 

 Determination of Micronutrients in Plant Samples 

For micronutrient analysis, the plant samples were 

digested in a diacid mixture which was prepared by mixing 

per-chloric acid and nitric acid in the ratio of 4:9 (Lindsay 

1978). Plant sample was dried, weighed (1g) and transferred 

to   conical flask. Di-acid mixture was added to the plant 

sample, mixed well and heated in a digestion chamber at high 

temperature until the red fumes of nitrogen dioxide 

disappears. Digestion process gets completed when sample 

becomes colourless. The digest volume was made up to 25ml 

with double distilled water and filtered. Finally the filtrates 

were used for the estimation of Fe, Mn, Zn and Cu with 

Atomic Absorption Spectrophotometer (Model No. ELICO-

SL243). Calculation was done as follows: 

 

 Micronutrient Content (ppm) = AAS Reading x 25 

(Dilution Factor) 

 

F. Effect of Biohardening on Plant Physiology- Water 

Retention Capacity (WRC)   

The Water Retention Capacity (WRC) of plants was 

evaluated by measuring the percentage of water loss using 

Fresh Weight (FW) and Dry Weight (DW) of excised leaves. 

The leaves were detached from biohardened and control 

plantlets and the loss of water was measured simply by 

weighing the samples at different time intervals (Debergh 

1991). L e a v e s  used in this experiment w e r e  

e x c i s e d  f r o m  sixty-day-old biohardened and control 

plantlets. Water loss was measured by weighing the leaf 
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samples at 5-minute time interval for a total time period of 50 

minutes at 50% RH and 18°C temperature. Each experiment 

was repeated three times. The Water Retention Capacity 

(WRC) was calculated according to the method proposed by 

Debergh (1991). After that, the leaves were kept overnight in 

an oven at 550C to determine Dry Weight (DW) 

 

WRC = (FW0 - FWt / FW0 - DW) x 100 

 

Where FW0 is the fresh leaf weight at time 0 minutes  

 

FWt is the leaf weight at time t minutes 

DW is the leaf dry weight.  

 

 

 

 

III. RESULTS 

 

A. Effect of Biohardening on Plant Physiology- Autotrophic 

Activity 

Variations in chlorophyll and carotenoid contents between 

inoculated and control plantlets were recorded during 

hardening (Table 1). The highest chlorophyll contents were 

observed in inoculated plantlets compared to uninoculated 

ones. Of the biohardened plants highest chlorophyll contents 

were present in Pf+ Tv inoculated plantlets (1125.59±1.34 

ug/g FW) followed by Pf (1055.70±1.50 ug/g FW), Tv 

(977.15±1.34 ug/g FW) treated plants and control plantlets 

(583.09±2.24). About 335.35±1.50 ug/g FW carotenoids 

were present in Pf+Tv inoculated plantlets in comparison to 

314.07±2.42 ug/g FW in Tv inoculated plants, 286.82±1.50 

ug/g FW in Pf inoculated plants and 100.79±1.29 ug/g FW 

uninoculated control (Fig.3). 

 

 
Fig 3: Estimation of Chlorophyll and Carotenoids  in Bioinoculant treated and Control Plantlets 

 

Table 1: Estimation of Chlorophyll & Carotenoids  in Biohardened and Control plantlets 

Chlorophyll Conc-ug/g FW C a C b C a+b C x+c 

Control 499.24±2.41 83.85±0.65 583.09±2.24 100.79±1.29 

Pf 834.36±1.13 142.79±2.00 977.15±1.34 286.82±1.50 

Tv 888.79±1.62 166.91±2.05 1055.70±1.50 314.07±2.42 

Pf+Tv 921.42±1.13 204.17±2.00 1125.59±1.34 335.35±1.50 

 

The fructose fraction (36.42 mg/g DW) in sucrose, free 

fructose (21.6 mg/g DW) increased in the dual inoculant 

treated cultures causing overall increase of total fructose 

content (58.02 mg/g DW) (Table 2). The total fructose 

content for single inoculations is 43.88 mg/g DW (Tv) and 

36.62mg/g DW (Pf) respectively. In control plantlets, the free 

fructose (8.00±0.09), fructose fraction (7.68±0.24) and total 

fructose content was 15.68 mg/g DW was recorded. The free 

fructose % was lowest in mixed inoculum treated plants - 

37.22±0.68 mg/g DW (Fig.4). 

 

Table 2: Estimation of Fructose in Bioinoculant Treated and Control Plantlets 

Fructose Conc-mg/g DW Total Fructose Fructose Fraction Free Fructose Free Fructose (%) 

Control 15.68 ±0.24 7.68±0.24 8.00±0.09 50.98±1.00 

Pf 36.62±0.16 21.48±0.33 15.13±0.41 41.28±0.59 

Tv 43.88±0.67 27.88±0.33 16.44±0.43 37.48±0.5 

Pf+Tv 58.02±0.09 36.42±0.33 21.6±0.43 37.22±0.68 
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Fig 4: Estimation of Fructose in Bioinoculant Treated and Control Plantlets 

 

B. Effect of Biohardening on Plant Physiology- Nutrient 

Content  

NPK content was maximum in mixed inoculum 

treated plants (0.91 %) compared to T.viride (0.54 %) and 

P.fluorescens (0.48 %) treated plants. The Nitrogen, 

Phosphorus and Potassium content of mixed inoculum plants 

treated plants were 0.7%, 0.107% and 1.91% respectively. 

Least NPK content was recorded in control plants i.e., 

0.102%, 0.04 and 0.387%. Micronutrients like Zn, Fe, Cu and 

Mn acquisition was highly improved by microbial inoculum 

treated plants. Dual inoculation resulted in maximum (673 

PPM) uptake of all micronutrients followed by T.viride 

(610.75 PPM) and P. fluorescens (597.25 PPM) inoculated 

plants. All bioinoculant treated plantlets showed more nutrient 

content when compared to control (277 PPM). T h e  

acquisition of micronutrients was significantly higher in 

mixed inoculum treated plants plants and least in control 

plants (Fig.5 & 6). Present work indicated the differential 

uptake of macro and micronutrients by the bioinoculant 

treated and control plantlets (Table 3 & 4) 

 

Table 3: NPK Content (%) in Bioinoculant Treated and Control Plantlets 

Treatments N P K NPK % 

Control 0.102 0.04 0.387 0.18 

Pf 0.392 0.071 0.989 0.48 

Tv 0.532 0.092 1.01 0.54 

Pf+Tv 0.7 0.107 1.91 0.91 

 

 
Fig 5: NPK Content (%) in Bioinoculant Treated and Control Plantlets 
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Table 4: Micronutrient Content (PPM) in Bioinoculant Treated and Control Plantlets 

Treatments Zn Fe Cu Mn Micronutrient 

Control 14 741 10 343 277 

Pf 25 1574 16 774 597.25 

Tv 26 1591 22 804 610.75 

Pf+Tv 46 1723 38 885 673 

 

 
Fig 6 :Micronutrient Content (PPM) in Bioinoculant Treated and Control Plantlets 

 

C. Effect of Biohardening on Plant Physiology- Water 

Retention Capacity (WRC)   

The data on rate of water loss from leaves of 

b i o h a r d e n e d  a n d  c o n t r o l  plantlets d u r i n g  

hardening were presented in Figure 7. The percentage loss 

of water is highest in control plants ranging from 20.35 to 

78.56 % where as it is lowest in dual inoculant treated plants 

ranging from 5.49 to 29.81 %. When excised leaves of control 

plants were subjected to 18°C and RH of 50% for 1hour, 

water loss ranged 20.35 to 78.56 %. The leaves from 

bioinoculant treated plants displayed about 5.49% to 46.59 % 

reduction in water content after the same period of time. The 

percentage of water loss in Tv treated plants ranged from 

10.16 to 32.7 % where as in Pf treated plants it ranged from 

11.32 to 46.59 % (Table 5). The leaves of control plants 

showed highest reduction in water content (78.56 %). 

 

Table 5: Water Retention Capacity in Bioinoculant Treated & Control Plantlets 

Time Interval Control Pf Tv Pf+Tv 

5 20.35±0.81 11.32±0.67 10.16±0.30 5.49±0.55 

10 40.00±0.82 17.90±0.38 14.17±0.47 13.76±0.76 

15 45.96±0.81 22.11±0.42 15.53±0.73 15.41±0.13 

20 56.88±0.47 27.57±0.41 19.39±0.42 18.03±0.78 

25 58.53±0.78 31.59±0.20 22.24±0.20 21.67±0.71 

30 65.88±0.64 35.37±0.87 23.16±0.10 21.34±0.76 

35 73.24±0.57 36.89±0.52 25.80±0.53 24.91±0.46 

40 74.62±0.17 41.60±0.16 29.79±0.77 26.90±0.78 

45 78.56±0.21 46.59±0.76 32.70±0.77 29.81±0.21 
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Fig 7: Water Retention Capacity in Bioinoculant Treated and Control Plantlets 

 

IV. DISCUSSION 

 

A. Effect of Biohardening on Plant Physiology- Autotrophic 

Activity: 

The photosynthetic pigment quantitative analysis showed 

that the photosynthetic potential and primary productivity is 

highest in dual inoculum treated plants and least in control 

plantlets. The lower level of carotenoids and chlorophyll 

pigments in control indicated poor photosynthetic ability 

w h i c h  w a s  d u e  t o  t h e  inefficiency of photosynthetic 

apparatus for achieving a net positive carbon balance (Grout 

et al. 1986) Total chlorophyll contents significantly increased 

in inoculated plantlets, and this had contributed to high 

photosynthetic activity causing overall plant growth and 

survival of plantlets under ex vitro conditions. Inoculation 

of tissue culture plants with b io inoculants has been 

suggested for increasing stress resistance during 

acclimatization process, providing better establishment under 

ex vitro conditions and faster growth. The results were in 

coincidence with biohardened plants of Boswellia (Suthar 

2012). The photosynthetic capacity per unit area of the leaf 

was indicated by its chlorophyll content ()Kozlowski 1991). 

It also determines the rate of photosynthesis in the plant 

(Bojovic 2005). Thus, plant productivity and its 

photosynthetic activity was indirectly estimated by its 

chlorophyll content (Dickmann et al. 1968). 

 

The present study demonstrated that consortium 

(Pf+Tv) and single inoculation treated plants increased 

autotrophic activity by increasing photosynthetic pigments 

and total fructose content. Bioinoculants caused progressive 

increase in chlorophyll and carotenoids which was due to 

decreased stomatal resistances and increased gas exchange 

capacity. The plant roots colonized by Trichoderma strains 

alters the gene expression related to plant physiology there by 

establishing chemical signal communication which results in 

the development of resistance to pathogens and increasing 

photosynthetic efficiency (Harman 2012, Hermosa 2012 )  

 

In mycorrhizal plants, the photosynthates were 

converted to intermediate sugars like trehalose and mannitol 

by the fungal mantle. These carbon metabolites produce new 

fungal biomass, strengthen plant root system and promote 

efficient nutrient uptake and increased photosynthetic rate 

(Bougher et al. 1990).   

 

Thus plantlets of A.amara, acclimatized using 

bioinoculants were well adapted to ex vitro conditions as 

identified by their high levels of photosynthetic pigments, net 

photosynthetic rate and low transpiration rate leading to 

enhanced growth. Plant stress and nutritional deficiencies can 

be indirectly estimated by measuring its chlorophyll content. 

Dual inoculant treated plantlets scored highest chlorophyll 

content indicating improved photosynthetic efficiency 

during hardening progresses. Thus, the restoration of the 

autotrophic activity in biohardened plants was due to increase 

in chlorophyll, carotenoid pigments and total fructose content 

(Damiano et al. 2007). 

 

B. Effect of Biohardening on Plant Physiology- Nutrient 

Content  

The result of the present study showed that combination 

of the bioinoculants together, improved plant growth, thereby 

showing the symbiotic association of P. fluorescens with T. 

viride. Mixed inoculum treated plants produce more organic 

acids and improves phosphorus accessibility (Avis et al. 

2008). Apart from the provision of macro and micronutrients 

to plantlets the bioinoculants like T. viride and P. fluorescens 

can efficiently produce secondary metabolites and plant 

growth promoting substances which enhance plant growth 

and promote nutrient uptake besides having biocontrol 

activity ( Burr et al.1978, Harman et.al 2012).   
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Increased levels of P-content and micronutrients in 

dual inoculum treated   plants explain their crucial role in 

phosphorus absorption from soil b y  extending their 

mycelium in t o  t h e  root system of A.amara. The 

extramatricular mycelia deeply penetrate into the soil and 

helps in efficient uptake of phosphorus and micronutrients. 

Similar studies on phosphorus uptake by the plants 

inoculated with P.indica  were reported (Gosal et al. 2010, 

Verma et al. 1998). In the present investigation, the plant 

biomass was observed to be positively affected by dual as 

well as single inoculations. S i m i l a r  s t u d i e s  o n  

increase in biomass and yield was observed during root 

colonization   of a wide range of host plants by endophytic 

fungus, P. indica (Serfling et al. 2007). The enhanced 

vegetative growth of dual inoculant treated A.amara plantlets  

was due to the ability of the fungus to colonise  plant roots 

efficiently. This in turn increased the solubility of phosphates, 

better nutrient absorption which enhanced plant biomass 

(John et al. 2010). The present work is in accordance with the 

other studies that a combination of Pseudomonas and 

arbuscular  mycorrhiza fungi resulted in acquisition of more 

nitrogen and phosphorus [1]. Prominent increase in the NPK 

content indicates that bioinoculants played a vital role in the 

solubilisation of soil nutrients.  

 

By increasing access to the growth-limiting nutrients, 

fungal hyphae can significantly enhance carbon fixation and 

increased photosynthetic rates (Smith et al. 1997). Similar 

observations has been reported for both endo- and 

ectomycorrhizas (Reid et al.1983). Thus higher 

photosynthetic rates in terms of chlorophyll content and 

biomass was recorded in biohardened plants. These studies 

are in coincidence with previous reports that the higher net 

photosynthetic rates is correlated with the effective microbial 

colonization of plant roots 9Nylund et al. 1989, Reid et 

al.1983). The main reason behind the increased 

photosynthetic rates was due to increased micro and macro 

nutrient absorption. Similar studies on improved nutrient 

status of biohardened plants in increasing the net 

photosynthetic rate has been reported for different species 

(Bougher et al. 1990, Longstrength et al. 1980 , Natr 1972, 

Osman et al. 1977). 

 

Thus sustainable utilization of soil nutrients by plants 

helps to increase root length and root number which would 

have contributed to the increase in biomass. Similar studies 

on higher nutrient content was reported in the tea plants 

treated with mixed inoculum (Jibu et al. 2010) 

 

C. Effect of Biohardening on Plant Physiology- Water 

Retention Capacity (WRC)   

The high percentage of water loss in tissue culture plants 

was due to its morphological and physiological 

abnormalities. The reason behind rapid water loss in the 

initial stages of hardening could be due to less wax on leaves. 

Poor stomatal anatomy, high transpiration rate are the other 

factors which contribute to high water loss during initial 

stages of hardening (Damiano et al. 2007). High efficiency in 

controlling water loss by biohardened plants under 

dehydrating conditions was due to the active functioning of 

stomata (Frommel et al. 1991). Low ratio of potassium to 

other elements was related to impaired functioning of the 

stomata in control plants of A.amara. Similar reports on K- 

content in relation to stomatal functioning of tissue culture 

plants was reported in Solanum lacinium (Elkund 1968). 

Another main concern is that microplants often have a poor 

water retention capacity. According to Santamaria and 

Herstiens (1994) poor WRC is caused both by a poorly 

developed cuticle and by malfunctioning stomata. 

 

The bioinoculants used in the present study helped in 

efficient nutrient and water uptake and promoted resistance 

against soil borne diseases. Effective plant microbial 

interaction facilitates the easy accessibility of mineral 

nutrients. Microbial association promotes hydraulic 

conductivity of the roots and improves plant -water relations 

thereby preventing wilting and desiccation of tissue culture 

plantlets. 

 

V. CONCLUSION 

 

The present strategy employed during the 

acclimatization step of tissue culture raised plantlets of 

A.amara  by using  microbial inoculants has given a positive 

result. Biohardening of tissue cultured A. a ma r a  plantlets 

with a combination of  T.viride and P. fluorescens enhanced 

plant survival rate (82%) compared to single  inoculum 

treatment either with P. fluorescens or T.viride. The 

autotrophic activity, water retention capacity and nutrient 

uptake of biohardened plants was significantly more 

compared to untreated plants. An improvement in plant 

physiological characteristics like chlorophyll content 

(1125.59 ug/g FW), carotenoids (335.35 ug/g FW), fructose 

content (58.02 mg/g DW), NPK Content (0.91%), 

micronutrient content (673 PPM) and water retention 

capacity was good in mixed inoculum (Pf+Tv) treated plants. 
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