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ABSTRACT:
Boron is an essential micro nutrient required for nutrition and growth of all plants. Adequate Boron
nutrition is critical for high yield and quality of crop. Experiments were carried out in vivo to find out the
effect of foliar application of boron on physical and chemical parameters of brinjal. In chemical
parameters changes in phenol content, polyphenol oxidase activity and IAA Oxidase activity were studied
after the foliar application of Boron. Four treatments comprising of foliar application of boron at four
concentrations viz. 5ppm, 10ppm, 15pm and 20ppm with one control were checked and parameters were
studied with the use of standard methods. Higher phenol concentration was recorded in the controlled
plants and decreased with the higher B concentration. This indicates phenol accumulation induced by the
minimum B treatment. And the exact opposite results were found in polyphenol oxidase and IAA oxidase
activities where the least enzyme activities were recorded in controlled plants and it goes on increasing
with the higher B concentration, which indicates the oxidation of the phenols and IAA induced by the
higher B treatments.
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INTRODUCTION:
Boron (B) is an essential element for plants and the only non-metal among the eight plant micronutrients.
The requirement of boron for plant growth was demonstrated in the early 1920s (Marschner 1995;
Warington, 1923). It plays an important role in plant metabolism and there is a long list of roles of boron
(Parr and Loughman, 1983). Many experimental reports have revealed its involvement and importance in
sugar and starch metabolism, cell division, cell wall synthesis, lignifications, cell wall structure integrity,
RNA metabolism,

nucleic acid metabolism, protein metabolism, flower formation, seed production,

membrane function, IAA and phenol metabolism (Barker and Pilbeam, 2007; Li and Ling, 1997).
Role of boron in indole-3-acetic acid (IAA) metabolism was first proposed by Eaton in 1940. It has been
reported that boron has an effect on the transport metabolism and activity of auxin it controls the level of
IAA in plants. (Robertson and Loughman, 1974) The role of boron in IAA metabolism is well studied. It
has been revealed that sunflowers with boron deficiency contained more IAA than control group. Also it
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has been proposed that IAA-oxidase was inhibited due to high level of phenolic acid (Cohen and
Bandurski, 1978). Bohnsack and Albert (1977) demonstrated a severe inhibition in root growth of squash
and increase in IAA oxidation by boron deficiency. Resupply of boron to boron deficient squash plants
rapidly stimulated root growth and reduced IAA oxidation. Rajaratnam and Lowry (1974) reported that
IAA content in palm trees increased in the presence of boron deficiency.
Few studies also revealed the fact of positive co-relation between phenols and IAA content. Decreased
content of phenol and IAA was recorded with the raised level of boron (Cohen and Bandurski, 1978;
Shkolnik, 1984; Mazher et al., 2006).
Thus the present study aimed to investigate the changes in the phenol and IAA metabolism and their
correlation on Solanum melongena plant by application of different boron concentrations.

Brinjal,

Solanum melongena L. is an important and well-accepted vegetable crop of sub-tropics and tropics. The
brinjal is of much importance in the warm areas of Asia, parts of Europe and Africa (Karihaloo and
Gottileb, 1995), being grown extensively in India, Bangladesh, Pakistan, China and the Philippines. It is
also well-liked in Egypt, France, Italy and United States. In India, it is one of the most widespread,
popular and primary vegetable crops grown all over the country except higher altitudes.
MATERIALS AND METHODS:
For the experiments seeds of Solanum melongena L. cultivar longum were utilized, purchased from an
agricultural product supplier in Ahmedabad. These seeds were grown in pots at green house of Botany
Department of Gujarat University. Pots were filled with farm yard manure and soil. After the one month
of seed sowing small saplings were transplanted in other pots containing 4 plants each pot.
As borax is the most suitable B salt for foliar application, it was selected as the B source for treatments.
Four different B concentrations were used for foliar application viz. 5ppm, 10ppm, 15ppm, 20ppm. One
set of plants were kept as control i.e. without any B application. Due to the immobility of B, repeated
applications are necessary. Because of this, foliar feeding of different B concentrations was given to the
plants at the interval of 15 days.
Metabolites and biochemical parameters were studied in different plant parts like leaves, stem, buds,
flowers and fruits. These plant parts were collected at the different stages of plant life and taken to
laboratory for analysis. Changes in various bio-chemicals and metabolites of brinjal in response to
different concentration of B were studied using spectrophotometric quantification. Total phenols were
determined by using method of Bray et al. (1954). Polyphenol oxidase activity was determined by the
method given by Kar et al. (1976). IAA Oxidase activity was determined using the methodology given by
Mahadevan (1964).
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RESULT AND DISCUSSION:
Total Phenols:
Phenol content was determined in different plant parts i.e. leaves, stem, buds, flowers and fruits and
compared with the phenol content of plants kept under controlled condition. Lower phenol content was
determined in all the plants treated with boron concentrations while the plants kept under controlled
conditions possesses the highest amount of phenol content. It has been observed that phenol content was
decreased with the increased B concentrations (Graph 1-5).

Graph 1 - Comparison between phenol concentrations in leaves of treated and controlled plants for 5-25ppm treatment of Boron

Graph 2 - Comparison between total phenol concentrations in stem of treated and controlled plants for 5-25ppm treatment of
Boron

Graph 3 - Comparison between phenol concentrations in buds of treated and controlled plants for 5-25ppm treatment of Boron

Graph 4 - Comparison between phenol concentrations in flowers of treated and controlled plants for 5-25ppm treatment of
Boron
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Graph 5 - Comparison between phenol concentrations in fruits of treated and controlled plants for 5-25ppm treatment of Boron

All the B treated plants recorded with lower phenol content in compare to control. Many reports are
available which shows that phenol level increases in B deficient plants and this accumulation is form due
to the stimulation of the enzyme phenylalanine-ammonium lyase (PAL) (Zehirov and Georgiev, 2000;
Cakmak et al. 1995; Ruiz et al. 1998; Camacho-Cristóbal et al. 2002). Results of present study support the
above mentioned statement as all the plants which received regular B treatments have lower phenol
content. While plants kept under controlled conditions shows the maximum content of phenols. This may
be result of borate complex formation which develops to control the rate of free phenols (Lewis, 1980;
Pilbeam and Kirkby, 1983; Shkolnik, 1984). In fact, it is well known that B deficiency causes an
accumulation of phenolics through the stimulation of the enzyme phenylalanine-ammonium lyase (PAL)
(Cakmak et al. 1995; Ruiz et al. 1998b; Camacho-Cristóbal et al. 2002). Zehirov and Georgiev (2000)
reported that the long-term absence of B was found to increase total soluble phenol content in root
apoplast exudates.
Polyphenol Oxidase activity
Least polyphenol oxidase activity was recorded in plants kept under controlled conditions in compared to
treated plants. While plants treated with 20ppm B concentration i.e. highest B concentration recorded with
maximum activity which shows the highest rate of degradation of phenolic compounds. (Graph: 6-10)

Graph 6 - Comparison between polyphenol oxidase activities in leaves of treated and controlled plants for 5-25ppm treatment
of Boron
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Graph 7 - Comparison between polyphenol oxidase activities in stem of treated and controlled plants for 5-25ppm treatment of
Boron

Graph 8 - Comparison between polyphenol oxidase activities in buds of treated and controlled plants for 5-25ppm treatment of
Boron

Graph 9 - Comparison between polyphenol oxidase activities in flowers of treated and controlled plants for 5-25ppm treatment
of Boron

Graph 10- Comparison between polyphenol oxidase activity in fruits of treated and controlled plants for 5-25ppm treatment of
Boron

Polyphenol oxidase activity was recorded highest in plants treated with 20ppm B concentration and
phenol content was recorded the least phenol content in these plants. This shows the maximum
degradation of phenols in the plants treated with 20ppm B concentration. It is known that micronutrient
deficiency often leads to increased content of phenols and decreased lignifications. Shkol’nik et al. (1981)
related an increased content of phenols to boron (B) deficiency. Results of present study supports the
above statement as phenol content was recorded highest in controlled plants i.e. without B treatments.
And polyphenol oxidase activity is recorded lowest in controlled plants which shows lower degradation
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rate of phenols. Some studies also reported that B deprivation also increased the activity of
polyphenoloxidase activity (PPO) (Pfeffer et al., 1998; Camacho-Cristóbal et al., 2002), enzyme that
catalyses the oxidation of phenolic compounds into quinones. But the results of present study are not
supported by this.
IAA-Oxidase activity
When the result of IAA oxidase activity of controlled plants was compared with the treated plants it have
been noticed that IAA Oxidase activity increases with the increasing B concentrations. The controlled
plants showed the lowest rate of IAA Oxidase activity while all the plants treated with B showed the
higher IAA Oxidase activity in compare to the controlled plants. IAA oxidase activity took the same trend
obtained previously on polyphenole oxidase activity. They increased as the B concentration level rising
upwards.
Plants kept under controlled condition showed the least IAA oxidase activity which means reduced
oxidation of the growth hormone IAA. While plants treated with 20ppm have the highest IAA oxidase
activity i.e. higher rate of IAA oxidation. IAA oxidase activity has been reported to be decreased in plants
subjected to several days of boron deficiency as free auxin level decreases and bound auxin level
increases (Shkol'nik et.al, 1964; Cohen and Bandurski, 1978). Also it has been suggested that increased
levels of IAA associated with boron deficient plants are not the result of a decrease in IAA oxidase
activity, but IAA apparently causes the induction of this enzyme (Bohnsack and Albert 1977). In addition,
it has been observed that, depending on a reduction of
IAA-oxidase activity, an increase is observed in the IAA
level of the plant (Paul et al., 1992; Cohen and
Bandurski, 1978; Dugger, 1983). This shows that
controlled plants and plants treated with 5ppm B
concentration had the higher IAA level. Graphs 11-15
show the IAA oxidase activity in the different plant parts.
Graph 11 - Comparison between IAA Oxidase activities in leaves of treated and controlled plants for 5-25ppm treatment of
Boron

Graph 12 - Comparison between IAA Oxidase activities in stem of treated and controlled plants for 5-25ppm treatment of
Boron
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Graph 13 - Comparison between IAA Oxidase activities in buds of treated and controlled plants for 5-25ppm treatment of
Boron

Graph 14 - Comparison between IAA Oxidase activities in flowers of treated and controlled plants for 5-25ppm treatment of
Boron

Graph 15 - Comparison between IAA Oxidase activities in fruits of treated and controlled plants for 5-25ppm treatment of
Boron

CONCLUSION:
Correlations
Correlation Coefficient
Sig. (2-tailed)
Studied Parameters
N
Correlation Coefficient
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N
IAA Oxidase
Correlation Coefficient
Sig. (2-tailed)
N
*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).
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Graph 16: Correlation between Phenol content and Polyphenol Oxidase activity

Graph 17: Correlation between Phenol content and IAA Oxidase activity

Graph 18: Correlation between Polyphenol Oxidase and IAA Oxidase activity.

From the correlation studies between phenol and IAA metabolism (Graph 16-18), it has been found that
phenol and IAA shares positive correlation and content of both were decreased with the increased B level.
In 2006 Mazher et al. studied the impact of B fertilizer on growth and chemical constituents of Taxodium
distichum and found the same correlation between IAA and phenols in the response of different B levels.
This might be possible that interaction between boron and IAA is secondary event caused by primary
effect of boron on phenol metabolism (Lewis 1980; Pilbeam and Kirkby 1983). Also it has been proposed
that that IAA-oxidase was inhibited due to high level of phenolic acid (Cohen and Bandurski, 1978).
Furthermore, Shkolnik [1974] could explain the physiological role of boron with the fact that auxin and
phenolic compounds exhibit accumulation at the absence of boron. For this reason, the results we obtained
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seem to support the findings of other researchers that phenol and IAA content are decreased with the
higher level of B. Thus IAA and phenol metabolism is affected by B.
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