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ABSTRACT

Preliminary experiments were conducted in glass house to study the effectiveness of 4 arbuscular

mycorrhizal (AM) fungi on the medicinal plant Aloe vera. Aloe vera plants were grown with AM fungi

inoculation in polybags showed an increase in plant growth (leaf, stem and root dry biomass), root

colonization, phosphorus (P), nitrogen (N), sugar and barbaloin content over those grown without inoculation.

Glomus mossae was found to be the best AM symbiont for inoculating Aloe vera. An orthogonal experimental

9design L  (3 ) in glass house was conducted to investigate the effect of  Glomus mossae (0, 5 or 10 g plant ),4 !1

Azotobacter sp. 41 (0, 10  and 10  cfu ml ), rock phosphate (0, 50 and 100 mg kg soil) and soil type (%3 6 !1 -1  

sand in garden soil v/v) (0, 50 and 100 % v/v) on Aloe vera plant growth and barbaloin content (mg plant ).-1

Inoculation by both Glomus mossae and Azotobacter sp. 41 showed increase in Barbaloin content plant .-1

Barbaloin content in Aloe vera plant obtained from 9 sets of experiment with the selected factors and levels

were processed with Qualitek-4 software selecting bigger is better as quality character. The optimized

conditions obtained using a Taguchi experimental design was Glomus mossae (10 g plant ), Azotobacter sp.!1

41 (10  cfu ml ), rock phosphate (50 mg kg soil) and soil type (% sand in garden soil v/v). The analysis of6 !1 -1  

the data predicted a theoretical increase in barbaloin content in Aloe vera by 54.5 % (from 1045.775 mg

barbaloin plant to 1615.749 mg barbaloin plant ). These conditions were validated experimentally and revealed-1 -1

an enhanced barbaloin content in Aloe vera by 51.69 % (1586.425 mg barbaloin plant ). Thus dual inoculation-1

of Aloe vera with AM fungi and Azotobacter is recommended to enhance barbaloin content in Aloe vera. 

Key words: Arbuscular mycorrhiza fungi; Glomus mossae; Aloe vera; Azotobacter; Orthogonal experimental

design.

Introduction

Arbuscular mycorrhizal (AM) fungi are common forms of symbiotic fungi that form association with plant

roots in a host non-specific manner (Shaul et al., 1990), colonize cortical tissues and extend hyphae into the

rhizosphere (Hetrick et al., 1996). These fungi have been reported to enhance plant growth mainly by

increasing availability of phosphorus and other nutrient (Harley and Smith, 1983), producing growth hormones,

improving rhizospheric condition (Linderman, 1994) and altering the physiological and biochemical

characteristics of the host plant (Smith and Read, 1995).

Phosphorus is one of the major plant nutrients required in optimum amount for proper plant growth. About

98% of Indian soils are inadequate in available P (Gaur 1987). Native soil phosphorus is organically bound

and available in the form of phytin, or its derivatives, has low solubility and mobility, and thus is not

accessible to plants. This organic P must be hydrolysed to inorganic P for utilization by plants which can be
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mediated by phosphatases secreted by AM fungi or phosphate solubilizing bacteria (Gaur and Rana 1990).

Excess inorganic fertilization decreases the extent of fungal infection by AM fungi, so an optimum situation

must exist where optimal benefits from such fungi and inorganic fertilizers are achieved. Thus tricalcium

phosphate was added as an insoluble source of inorganic phosphate which does not increase the P level in the

rhizosphere soil.

 Inoculation with Azotobacter sp. complements the symbiotic relationship between plant roots and AM

fungi due to its nitrogen fixation, phytohormones production and phosphate solubilization properties (Kumar

et al., 2001, Narula et al. 1980). The beneficial effects of dual inoculation have been reported by many

workers (Mandhare et al., 1998, Sreeramula et al., 2000, Vassilev et al, 2001) for certain plant species.

Aloe vera, a member of the Liliaceae family is a traditional medicinal plant (Grindlay and Reynolds,

1986). Barbaloin (10â-D-glucopyranosyl-1,8-dihydroxy-3hydroxymethyl-9(10-H)anthracenone), the C-glucoside

of aloe emodin anthrone, localizes in the outer rind of the Aloe vera plant leaf (Groom and Reynolds, 1986).

It has been reported that growth and barbaloin yield is dependent on various factors i.e irradiation and soil

nutrient (Paez et al., 2000), leaf pruning (Gutterman and Chause-Volfson, 2000), leaf part, age, position and

season ( Beppu et al, 2004; Chause-Volfson and Gutterman 2004). Saradhi et al. (2007) find that barbaloin

content and the leaf dry mass is highly correlated. Barbaloin has medicinal and cosmetic properties of

protecting human skin against sun and fire burns as well as allergic reactions and improve the healing of skin

wounds (Duke, 1989). Barbaloin also demonstrates anti-inflammatory, hepatoprotective activity (Nakagomi et

al., 1985) and cathartic effects (Ishii et al., 1989) in vivo. Hence, the quantitative improvement of barbaloin

in Aloe vera is of high commercial interest.

Mycorrhizal symbiosis in Aloe vera has  been reported by several authors (Gong et al, 2002; Muthukumar

et al. 2006). Tawaraya et al. (2007) reported that arbuscular mycorrhizal (AM) colonization improves nitrogen

(N) and phosphorus (P) uptake and shoot growth of Aloe vera.  In the present study, two parameters were

studied firstly, the impact of various AM fungi on the growth and barbaloin content of Aloe vera and secondly

the experimental design technique of Genichi Taguchi was devised specifically to optimize the effect of Am

fungi, Azoobacter, rock phosphate and soil type for improvement of the growth and barbaloin content of Aloe

vera plant.

However, parameters such as AM fungi, Azotobacter, rock phosphates and soil type have significant

influence on the plant growth performance and barbaloin yield. To achieve effective performance, optimization

of operating parameters to create an optimum environment for barbaloin yield is one strategy. To establish

better conditions by relating all the factors considered, numerous experiments have to be carried out with all

the possible parameter combinations, which is not practical. Conventional experimental procedures involve

altering of one factor at a time keeping all other factors constant, resulting in assessing the impact of those

particular factors, these are time consuming, require more experimental sets and are unable to provide mutual

interacting information of the factors. Design of experiments (DOE) is one approach, which helps to gain

information about the optimized levels, by taking large number of variables (Taguchi, 1987).

DOE methodology by Taguchi orthogonal array (OA) is a factorial-based approach which merges statistical

and engineering techniques. The approach facilitates the study of a system by a set of independent variables

(factors), both controllable and uncontrollable (dynamic/noise), over a specific region of interest (levels) (Mitra,

1998). While, traditional experimental design focuses on the average process performance characteristics, this

approach concentrates on the effect of variation on the process characteristics (Ross, 1996) and makes the

product/process performance insensitive to variation by proper design of parameters. Taguchi method utilizes

OAs to study a large number of variables with a small number of experiments, which significantly reduces

the number of experimental configurations to be studied (Joseph and Piganatiells, 1988). This approach applies

linear graphs, a straightforward technique to determine the relationship between variables where number of

experiments required can be reduced by focusing on those interactions thought to affect the functional

characteristics under study. Conclusions drawn from the small-scale experiments are valid over the entire

experimental region spanned by control factors and their setting levels (Phadke, 1989). It also facilitates to

identify the influence of individual factors, establishing the relationship between factors and operational

conditions and finally establishes the performance at the optimum levels obtained. Analysis of the experimental

data using ANOVA (analysis of variance) and factor effects provide information about statistically significant

factors and result in finding optimum levels of factors for design of parameters. The Taguchi method not only

helps in considerable saving of time and cost, but also leads to a fully developed process and provides

systematic, simple and efficient approach for the optimization of the near optimum design parameters (Raghu,

1985; Taguchi, 1986 and Taguchi, 1993). Taguchi method was successfully applied to improve biotechnological

processes (Sreenivas Rao et al., 2004; Venkata Dasu et al., 2003; Krishna Prasad et al., 2005; Venkata Mohan

and Chandramouli, 2007); and crop production (Gutie´rrez-Miceli  et al, 2008). Gutie´rrez-Miceli  et al, (2008)

9found improvement in productivity of Zea mays by orthogonal experimental design L  (3 ) by optimizing4

Glomus claroideum G. fasciculatum , native diazotrophic bacteria and sheep manure vermicompost.
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There is no scientific literature about dual effect of AM fungi and Azotobacter sp. together with rock

phosphate and soil condition on growth and barbaloin content of Aloe vera . Therefore, the objective of this

study is to optimize the effects of AM fungi, Azotobacter, rock phosphate and soil types on quality parameters

of Aloe vera using Taguchi techniques.

Materials and Methods

Microbial inoculants 

Glomus mossae, Glomus fasciculatum, Gigospora gilmori and Gigospora margarita were collected from

Indian Agricultural Research Institute (IARI), New Delhi, India. Pot-cultures of the AM fungi were maintained

on Zea mays plants in a poly-house for six months (Owusu-Bennoah and Mossae, 1979). In addition, some

pots were kept uninoculated which were used as non-mycorrhizal inoculum. Infected root fragments and

rhizospheric soil containing 20 spores g  soil were used. Ten g each of mycorrhizal inoculum was placed in–1

each polybag 2 cm below the surface of the soil. In controls AMF was not inoculated.

Azotobacter sp. 41 was collected from IARI, New Delhi and maintained in Jensen’s culture media. The

Azotobacter sp. 41 inoculum was made by growing the bacteria in Jensen broth medium (Jensen, 1942) in a

flask shaken at 200 rpm at 28 C for 48 hours to a cell density of 10  bacterium ml . 0 6 -1

Growth medium

Approximately 1 kg of sterilized washed river sand and garden soil and mixture of the two (autoclaved

at 120 C for 60 minutes) was filled in polybags (25 by 15 cm). The soil of garden used has sandy loam0

texture; organic electrical conductivity 0.42 dSm , available carbon 0.38 %, available nitrogen 180 kg ha  ,-1 -1

available phoshorus 21 kg ha , pH 7.3. One Aloe vera plantlet per polybag was planted and Hoagland’s-1

solution without phosphorus was used as plant nutrient. About 50 ml of the solution was added to each

polybag every 10 days interval.

Plant material 

Aloe vera plants were vegetatively propagated and axillaries shoots of about 3-4 leaves were obtained from

the nursery.

Rock Phosphate::

Rock phosphate was used as a phosphorus fertilizer in the experiments.

Experimental Methodology and Statistical Analysis

Selection of most potent AM fungi  

Preliminary experiments were conducted in glass house to study the effectiveness of 4 arbuscular

mycorrhizal (AM) fungi on the medicinal plant Aloe vera. Aloe vera plants were separately exposed to

following five treatment combinations i.e. control, inoculated with Glomus mossae, Glomus fasciculatum ,

Gigaspora margarita and Gigospora gilmori. The plants were harvested after 120 days planting.

Optimization of the factors to enhance barbaloin content in Aloe vera

9Orthogonal experimental design L  (3 ) was done in triplicate to investigate the effect of different level4

of Glomus mossae, Azotobacter sp.41, rock phosphate and soil types on the growth and barbaloin content of

Aloe vera plants.

Taguchi Methodology 

Optimization methodology adopted in this study follows five simple steps involved in optimization.

1. Identification of factors and their levels that change over concentration. 

92. Selection of proper orthogonal array such as L . 

3. Setting of experiments for getting the responses such as yield that has to be maximized in the term of

maximum production. 
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4. Determination of the main influencing factor. The more the negative difference between levels, the more

will be the influence. It can be determined also as the percentage severity index (SI). 

5. Analysis, prediction of optimum condition, and its validation.

The schematic representation of the designed methodology has been depicted in Figure 1. The Taguchi

method of DOE involves establishment of a large number of experimental situations described as orthogonal

arrays (OAs) to reduce experimental errors and to enhance their efficiency and reproducibility of the laboratory

experiments. Each phase has a separate objective, interconnected in sequence wise to achieve the overall

optimization process.  

Design of Experiments and Choice of Factors (Phase I) 

The first step in phase one is to determine the various factors in the culture medium that have significant

effect on the barbaloin yield. The normal practice is to do experiments within a reasonable range so that the

variation inherent in the process does not mask the factor effect.

In the present study AM fungi, Azotobacter and rock phosphates were applied in different types of soil.

These studies demonstrated that optimization of soil components which contain mainly of microbes and soil

nutrients determine growth and overall barbaloin yield in Aloe vera. Based on results of earlier experiments,

9four factors, each at three levels, to satisfy the condition L  (3 ) as assigned in Table 3 were selected i.e4

Glomus mossae (0, 5 and 10 g plant ), Azotobacter sp.41 (0, 10  and 10  cfu ml ), rock phosphate (0, 50 and!1 3 6 !1

100 mg kg ) and soil type (% sand in garden soil) (0, 50 and 100 %). !1

Choice of Factorial Design or Orthogonal Array (Phase 2) 

For setting up experimental conditions, OAs was chosen according to factors (soil component) and their

9levels were optimized. In this study, L  design in Qualitek-4 was selected because few experiments are required

and it saves time and cost of materials. The software is itself equipped with different array and automatic

9design according to choice of factor and their levels. The design of L  (3 ) was obtained with the help of the4

9Qualitek-4 software as shown in Table 4. The experiments were performed according to OA L  (3 ) design4

obtained by the software automatically by putting all the four parameters at three levels as shown in Table 4.

The results obtained after performing experiments were entered in the result column of the software and

analysis was done further for significant factor determination, Analysis of Variance (ANOVA), optimum

condition and for expected result based on the Signal-to-Noise (S/N) ratio. The experiment was performed

again based on obtained optimum results for determination of actual yield of barbaloin.

Determination of Significant Factors 

The factors showing significant influence on barbaloin yield were determined from Table 5 based on the

level difference. Understanding the interaction between two factors gives a better insight into the overall

process analysis. Any individual factor may interact with any or all others factor creating the possibility of the

presence of a large number of interactions. This kind of interaction is possible in Taguchi DOE methodology.

Estimated interaction severity index (SI) of the factors are shown in Table 6 in decreasing order. Interactions

under study help to know influence of two individual factors at various levels of the interactions. In this table,

the column represents the locations to which the interacting factors were assigned. Interaction SI presents 100%

of SI for a 90-degree angle between the lines while 0% SI is for parallel lines. Reversed column should be

reserved if this interaction effect has to be studied. “Levels” indicate the factor levels desirable for the

optimum condition (based on the first two levels). 

Analysis of Experimental Data and Prediction of Performance (Phase 3) 

The obtained experimental data were processed in the Qualitek -4 software with bigger is better quality

characteristics for the determination of the optimum condition for the cultivation to identify individual factors

influence on the barbaloin yield and to estimate the performance (optimum conditions). In Taguchi's method,

quality is measured by the deviation of a characteristic from its target value and loss function [L (y)] is

developed for the deviation as represented by L (y) = kx (y-m) , where k denotes the proportionality constant,2

m represents the target value, and y is the experimental value obtained after each run. In case of bigger is

better quality characteristics, the loss function can be written as L (y) = k x (1/y), and expected loss function

can be represented by 
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  (1)

where E (1/y  ) can be estimated from a sample of n as2

  (2)

The results obtained after the data processing by Qualitek-4 software are shown in tables 5-8. 

Validation (phase 4) 

To validate the methodology, experiments were performed for barbaloin yield using the obtained optimized

cultivation conditions as per Table 8.

Analytical methods

Leaf and root dry-weight were determined after drying the plant tissue in an oven at 80 C for 48 h.0

Assessment of roots for AM colonization was made at the end of the experiment by random sampling of roots.

Percentage mycorrhizal root colonization was estimated by grid line intersect method (Giovanetti & Mossae,
1980) after staining the roots by the method of Philips & Hayman (1970).

Leaf sugar was extracted by the method of Angelov et al (1993). Total soluble sugar was determined using
the method of Riazi et al (1985). Oven dried leaf was ground and sieved through 0.5 mm sieve. 0.2 g ground

3 2 4 4material was digested in a triple acid mixture (HNO , H SO  and 60% HClO  in a ratio of 10:1:4) for analysis
of phosphorus. The amount of phosphorus in the digested sample was estimated by molybdenum blue method

(Allen, 1989). The nitrogen content of leaf was measured using the semi-micro Kjeldahl method (Bremmer
and Mulvaney, 1982).

Barbaloin was extracted from the leaves of Aloe vera by using methanol and analyzed by modified method
of Koch et al (1999). Barbaloin concentration in the leaf was determined by high performance thin layer

chromatography (HPTLC). A mixture of ethyl acetate, methanol and water (10:2:1 v/ v) was used as the

2 4mobile phase. The plates were sprayed with sulphuric acid reagent (95 % ethanol and 5 % H SO ) and heated

at 105 C for 5 min. Yellow fluorescence was optically detected and quantified at 366 nm.0

Software

Qualitek-4 software (Nutek Inc., Michigan, USA; Roy, 2001) for automatic design of experiments using
the Taguchi approach was used in the present study. Qualitek-4 software is equipped to use L-4 to L-64 array

along with the selection of 2-63 factors with 2-3 and 4 levels to each factor. The automatic design option
allows Qualitek-4 to select the array used and assign factors to the appropriate columns (Krishna Prasad et al.,

2005).

Results and discussion 

Selection of most potent AM fungi  

Aloe vera plants varied in their response to inoculation with different mycorrhizal fungi. Most of the AM
fungi inoculation resulted in significant increase in plant dry biomass, % root colonization and the barbaloin

content of Aloe vera. Regarding leaf dm, stem and root dm, and total dm inoculation with Glomus mossae
showed maximum increase during the crop growth period, which was significantly different from all other

treatments (Table 1). The next best fungus was Glomus fasciculatum . This was followed by Gigaspora
margarita and Gigaspora gilmori both behaving more or less similar. There was significant difference in the

dry mass of leaf, stem, root and total plant DM between treatments (Table 1). Maximum plant dry wt. was
observed in plants inoculated with G. mossae, followed by G. fasciculatum , both being statistically on par with

each other. The next best treatments were Gigaspora margarita and Gigaspora gilmori, both differing
significantly. The dry weight of the leaf followed a more or less a similar trend. The least dry weight was

encountered in uninoculated plants. The increase in the root biomass because of inoculation with G. mossae
and G. fasciculatum  was 61.2% and 33.75% respectively compared to uninoculated controls. Regarding stem

dry weight, G. mossae inoculation resulted in maximum dry weight, followed by plants inoculated with G.
fasciculatum . The increase in shoot biomass was 51.36 and 32.38% due to inoculation with G. mossae and G.

fasciculatum  respectively (Table 1). Increase in growth parameters in other medicinal plants due to mycorrhizal
inoculation has been reported earlier in (Sailo and Bhagyarajan, 2005). 
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Regarding concentration of N, P and sugar of leaf inoculation with Glomus mossae showed maximum

increase during the crop growth period, which was significantly different from all other treatments (Table 2).

The next best fungus was Glomus fasciculatum . This was followed by Gigospora margarita and Gigaspora

gilmori .

Regarding percentage mycorrization, inoculation with Glomus mossae showed maximum increase during

the crop growth period, which was significantly different from all other treatments (Table 1). The next best

fungus was Glomus fasciculatum . This was followed by Gigaspora margarita and Gigaspora gilmori.

The barbaloin content/dry wt. of leaf was significantly higher in plants inoculated with G. mossae (2.69%)

compared to all other inoculated treatments. The next best treatment was Glomus fasciculatum  (2.53%)

followed by Gigaspora margarita and Gigaspora gilmori, all differing significantly. The least barbaloin content

was observed in uninoculated plants (Table 2). Barbaloin has been reported to accumulate in leaves of Aloe

vera plant only (Groom and Reynolds, 1990). Therefore, substances that improve leaf growth are presumed

to increase barbaloin yield. Variation in the active principle because of mycorrhizal inoculation has been

reported in other medicinal plants (Boby & Bagyaraj 2002). Based on plant dry weight and barbaloin content

per plant, it is concluded that Glomus mossae is the best AM fungal symbiont for inoculating Aloe vera, the

second best tested being Glomus fasciculatum .

Optimization of the factors to increase barbaloin content in Aloe vera

The factors and their levels set for the optimization of barbaloin yield. (Table 3). The designed

9experimental condition L  with their response (barbaloin yield) after cultivation period of 120 days and obtained

S/N ratio is shown in Table 4.

Barbaloin yield was found to be significantly improved by the microbial inoculation and optimization of

cultivation parameters like Glomus mossae, Azotobacter sp.41, rock phosphate (tricalcium phosphate) and soil

types. The main effects of the factors along with the interactions at the assigned levels on the barbaloin yield

by Aloe vera are shown in Table 5. The difference between the average value of each factor at levels 1 and

2 indicates the relative influence of the effect; the larger the difference, the stronger the influence (Table 5).

The sign of the difference (+ or -) indicates whether the change from level 1 to level 2 increased or decreased

the result (Table 5) and thus the main influencing factor can be determined. Based on this data, it can be seen

that soil types shows a strong negative value -109.471but a strong positive value was obtained with Glomus

mossae 797.576 and Azotobacter with value 263.584 and rock phosphates 94.985. Hence, the main influencing

factors for barbaloin yield in Aloe vera were Glomus mossae and Azotobacter while rock phosphates and Soil

type were less significant.

Effect of Glomus mossae on Barbaloin yield 

In the current experiment Glomus mossae were in the range of 0g -10g. Figure 2 shows the individual

effects of Glomus mossae, Azotobacter sp.41, rock phosphate (Tricalcium phosphate) and soil types. Figure

2 also shows the increase in Glomus mossae from 0 to 10g increases barbaloin yield in Aloe vera. In table

5 Glomus mossae shows strong positive influence on barbaloin yield. This result is supported by the data

obtained from ANOVA Table 7. It can be seen that Glomus mossae have maximum contribution of 88.897%,

and Figure 3 shows relative influence of the factors in pie chart. In this chart, Glomus mossae covered the

maximum area. Figure 4 shows optimum performance of the major factor contribution before and after pooled

ANOVA. Glomus mossae shows contribution with all the factors in barbaloin yield. Table 6 shows interaction

between the factors. Interaction of Glomus mossae with Azotobacter sp.41, 77.64, rock phosphate shows SI

percentage of 14.62 and soil types, 14.24. This indicates that rock phosphate interacts with Glomus mossae

and regulates effect of Glomus mossae on Aloe vera plants.  Azotobacter sp.41 has indirect effect on Glomus

mossae by solubilizing organic phosphate and rock phosphate. Phosphorus in soluble form was adsorbed by

root and hyphae of AM fungi this leads to the better growth and barbaloin content in Aloe vera and soil was

also affected by the Glomus mossae. The utilization of these components depends on the Glomus mossae.

Therefore, it can be concluded that Glomus mossae play major role in determination of barbaloin yield.

Effect of Azotobacter on Barbaloin yield 

Figure 2 shows the main effect of the factors at their individual levels. Increase of Azotobacter

concentration from 0 to 10  cfu increase barbaloin yield. The highest barbaloin yield was observed at 10  cfu6 6

at level 3. Table 7 ANOVA also supports this result. ANOVA (Table 7) shows that Azotobacter is the second

highest contributor for barbaloin yield that is, 9.264 %. Figure 3 shows relative influences of the factors, and
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Azotobacter had the second major area after Glomus mossae. Interactions between different factors are shown

in Table 6. Azotobacter interacts with rock phosphate with SI percentage of 65.91; soil types, 65.67; and

Glomus mossae, 77.64. This data indicate that the effect of Azotobacter inoculation can be increased by the

addition of rock phosphate and Glomus mossae, while soil type, is also an essential factors in increasing the

barbaloin yield and interact directly with the Azotobacter 

Effect of rock phosphate on Barbaloin yield 

Figure 2 shows the individual main effect of rock phosphate (0-100mg kg ). Increase of rock phosphate-1

showed slight increase in barbaloin yield first up to level 2 and then decrease in barbaloin yield at level 3.

Figure 3 clearly shows the relative influence of the factors and their interactions with other factors in which

rock phosphate supplementation is necessary at individual level as well as they have interaction effects. After

necessary supply of rock phosphate at fixed concentration, barbaloin yield did not increase further perhaps due

to saturation of soil by phosphorus due to rock phosphate solubilization by Azotobacter and uptake of soluble

phosphate by AM fungi. From Table 7 ANOVA it shows that the rock phosphate is contributing 0.794. Figure

4 shows optimum performance with major factor contribution after ANOVA proving the fact that concentration

of rock phosphate can be decreased, when supplied with Azotobacter. Table 6 shows that SI % values for

interaction between rock phosphate and soil types, rock phosphate with Azotobacter and rock phosphate and

Glomus mossae are 0.93, 65.91 and 14.62 respectively. Azotobacter increases rock phosphate utilization and

Glomus mossae and soil type also facilitates utilization of rock phosphate.

Table 1: Influence of inoculation with different AM  fungi on plant, leaf, stem, root  dry mass (DM ) and mycorrhization.

Treatment Leaf DM (g) Stem DM (g) Root DM  (g) Total DM (g) % mycorrhization

Control 16.57±0.22 1.44±0.22 4.13±0.01 22.14±0.11 0

Gigaspora gilmori 31.34±0.2 3.22±0.2 9.61±0.01 44.17±0.01 68.66

Gigaspora margarita 32.32±0.19 3.21±0.19 9.81±0.01 45.39±0.09 73.6

Glomus fasciculatum 37.49±0.11 4.55±0.1 11.41±0.02 53.46±0.2 77.5

Glomus mossae 41.61±0.12 5.66±0.09 15.18±0.03 62.45±0.02 87.5

Table 2: Influence of inoculation with different AM  fungi on N, P, Sugar, Barbaloin(% dm of leaf), Barbaloin (mg plant )-1

Treatment Nitrogen Phosphorus Sugar Barbaloin Barbaloin 

(% leaf DM ) (% leaf DM  ) (%leaf DM ) (% leaf DM ) (mg plant )-1

Control 1.22±0.2 0.15±0.02 2.77±0.1 2.11±0.14 349.5±0.9

Gigaspora gilmori 1.23±0.3 0.186±0.01 4.33±0.2 2.46±0.11 789.67±0.1

Gigaspora margarita 1.24±0.2 0.196±0.03 4.55±0.11 2.52±0.12 814.52±0.5

Glomus fasciculatum 1.28±0.21 0.226±0.02 4.68±0.13 2.53±0.15 962.60±0.9

Glomus mossae 1.34±0.34 0.246±0.01 4.87±0.11 2.69±0.12 1098.42±0.9

Notes : M eans followed by the sam e letter in each colum n do not significant at p=0.05 by fisher. Values are average of 10 plants taken

at 120 DAP.

Table 3: Selected factors and their assigned level

S.N. Factors Unit Level 1 Level 2 Level 3

1. Glomus mossae g 0 5 10

2. Azotobacter sp.41  CFU 0 10 103 6

3. Rock phosphate mg kg 0 50 100-1

4. Soil types(%sand in soil) % v/v 0 50 100

Table 4: Orthogonal array OA L9 (3 ) design and their response with S/N ratio obtained after different trials4

Column Barbaloin mg Plant *-1

Trial No. 1 2 3 4 (Barbaloin) S/N ratio

1. 1 1 1 1 278.50 48.896

2. 1 2 2 2 527.56 54.446

3. 1 3 3 3 591.56 55.439

4. 2 1 2 3 1124.75 61.021

5. 2 2 3 2 1398.80 62.915

6. 2 3 1 3 1266.84 62.054

7. 3 1 3 2 1170.20 61.365

8. 3 2 1 3 1437.80 63.153

9. 3 3 3 1 1615.75 64.167

Table5: M ain effects of the selected factors at the assigned levels

Factor Level 1 Level 2 Level 3 L2 - L1

1. Glomus mossae 465.886 1263.463 1407 797.576

2. Azotobacter sp.41 857.816 1121.40 1158.049 263.584

3. Rock Phosphate 994.38 1089.366 1053.52 94.985

4. Soil type (%sand in soil) 1097.683 988.213 1051.369 -109.471
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Table 6: Estimated interaction of severity index for different parameters

Interacting Factor pair Column SI(%) Col3 Levels  1 2 4

Glomus mossae × Azotobacter sp.41 3 × 4 77.64 7 [2,1]

Azotobacter sp.41× Rock Phosphate 2 × 3 65.91 6 [3,2]

Azotobacter sp.41 × Soil type 2 × 4 65.67 1 [3,1]

Glomus mossae × Rock Phosphate 1 × 3 14.62 2 [3,2]

Glomus mossae × Soil type 1 × 4 14.24 5 [3,1]

Rock Phosphate × Soil type 1 × 2 0.93 3 [3,3]

Columns - Represent the column locations to which the interacting factors are assigned. 1

SI - interaction severity index (100% for 90 degree angle between the lines, 0% for parallel lines). 2

Col - Shows column that should be reserved if this interaction effect were to be studied (2-L factors only). 3

Opt - Indicates the factor levels desirable for the optim um  conditions (based strictly on the first 2 levels). If an interaction is included4

in the study and found to be significant (in ANOVA), the indicated levels must replace the factor levels identified for the optimum

conditions without considerations of any interaction effects.

Table 7: Analysis of Variance (ANOVA)

S. N. Factor DOF Sum of Square Variance F-Ratio Pure-Sum Percent

Glomus mossae 2 3088831.485 1544415.742 997416831.513 3088831.485 88.897

Azotobacter sp.41 2 321918.095 160959.047 1486314290.699 321918.095 9.264

Rock Phosphate 2 27611.489 13805.744 242517049.836 27611.489 0.794

Soil type 2 -0.001 18117.38 630564248.047 36234.761 1.042

Other error 9 -0.001 0.003

Total 17 3474595.831 100.00

Table 8: Optimum  condition and performance

Col/Factor Unit Level description level Contribution

Glomus mossae g 10 3 362.161

Azotobacter sp.41 CFU 10 3 112.2946

Rock Phosphate mg kg 50 2 43.611-1

Soil type (% sand in garden soil) %v/v 0 1 51.927

Total contribution from all factor 569.994

Current grand average performance 1045.755

Expected result at optimum condition ?1615.749

Effect of soil types  on Barbaloin yield 

Fig. 1: Schematic representation of the steps involved in the Taguchi DOE methodology designed for the

optimization.

Figure 2 shows the individual main effect of soil type (0-100% sand in sand - garden soil mixture). Soil

type show decrease in barbaloin yield upto level 3. Figure 3 clearly shows the relative influence of factors and

their interactions with other factors in which soil type is necessary at individual level as well as they have

interaction effects. Table 7 ANOVA shows that the Soil type is contributing 1.042 which is least among the

four factors.  Figure 4 shows optimum performance with major factor contribution after ANOVA proving the

fact that increase in % sand in soil mixture decreased the quality. The interaction between different factors in

table 4 shows that soil type and rock phosphate has SI% of 0.93, soil type with Azotobacter has SI% of 65.67

and soil type with Glomus mossae has SI% of 14.24. Thus soil type influence barbaloin yield and at interaction

level also soil type have effect on barbaloin yield. 
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Fig. 2: Main effects of the factors at their individual level.

Fig. 3: Relative influence of factors.

Fig. 4: Optimum performance with major factor contribution 
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Fig. 5: Showing variation reduction plot based on assumed normal performance distribution of current vs.

improved condition.

Optimum parameters and validation studies

The parameters and their performance are shown in Table 8 in terms of their contribution for achieving

higher barbaloin yield. It is observed that highest contribution in the barbaloin yield was due to of Glomus

mossae with 10 g plant , Azotobacter sp.41 with 10  cfu, rock phosphate omit Tricalcium phosphate 50 mg-1 6

kg  and soil types with 0% sand in sand-garden soil mixture. Thus, total contribution made from all factors-1

was 569.994 mg barbaloin plant with current grand average performance of 1045.755 mg barbaloin plant  and-1 -1

the expected result was 1615.749 mg barbaloin plant . These conditions were validated experimentally and-1

revealed an enhanced barbaloin content in Aloe vera by 51.69 %.  ((1586.425 mg barbaloin plant ).-1

The results of the present work are consistent with reports of variations in plant growth and active

principles in other medicinal plants (Khaosaad et al. 2005, Kapoor et al, 2006a, Kapoor et al, 2007b; Sailo

and Bagyaraj 2005). 

Conclusion

The present study demonstrates the effectiveness of microbial inoculation and optimization of growth

parameters of the plant and the concentration of barbaloin in Aloe vera. Glomus mossae was found to be the

best microorganism among the four species of AM fungi studied which showed maximum growth and

barbaloin content in Aloe vera. Azotobacter inoculation also showed enhanced growth and barbaloin content

in Aloe vera. Dual Inoculation of AM fungal species with Azotobacter significantly increased leaf growth,

resulting in significant increased in barbaloin content of individual plant. The optimized conditions i.e Glomus

mossae (10 g plant ), Azotobacter sp. 41 (10  cfu ml ), rock phosphate (omit TCP) (50 mg kg soil) and soil!1 6 !1 -1  

type (garden soil, 0% sand in soil v/v) was obtained using a Taguchi experimental design and the analysis of

the data predicted a theoretical increase in barbaloin content in Aloe vera by 54.5 % (from 1045.775 mg

barbaloin plant to 1615.749 mg barbaloin plant ). These conditions were validated experimentally and revealed-1 -1

an enhanced barbaloin content in Aloe vera by 51.69 % (1586.425 mg barbaloin plant ). Thus inoculation of-1

Aloe vera with AM fungi in conjugation with Azotobacter leads to higher uptake of phosphorus and thereby

enhances the plant growth as well as the yield of barbaloin in Aloe vera plant. 
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