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Abstract

White root rot caused by Dematophora necatrix Hartig is one of the most devastating soil borne diseases
attacking apple plants worldwide. In the present investigation, a pot experiment was conducted during
2016 at Model research Farm of Dr. YS Parmar university of Horticulture and Forestry Solan (H.P.) to
evaluate the effect of induced resistance (IR) chemicals viz., salicylic acid, benzothiadiazole-s-methyl
ester, potassium oxalate, f-amino butyric acid, calcium carbonate, sodium salicylate and di-potassium
hydrogen orthophosphate against white root rot pathogen. These inducers were assayed at 0, 7, 14 and 21
days of pathogen inoculation. The results revealed that the salicylic acid treated apple seedlings
developed highest amount of total phenol (493.13pg/g) which was followed by benzothiadiazole-s-
methyl ester (451.80ug/g) and B-aminobutyric acid (422.60ug/g) respectively. While the lowest amount
of total phenol was recorded in calcium carbonate (296.27ug/g). However, the maximum increase in
polyphenol activity in terms of change in absorbance min g fresh weight of leaf (0.601) was recorded
in salicylic acid treated apple seedlings followed by benzothiadiazole-s-methyl ester (0.551) and B-
aminobutyric acid (0.505). The study likewise in polyphenol oxidase also revealed the effectiveness of
salicylic acid in enhancing the peroxidase activity being highest in salicylic acid (0.703) followed by
benzothiadiazole-s-methyl ester (0.643) and B-aminobutyric acid (0.609) respectively. However, the least
activity was registered in calcium carbonate (0.366). In similar trends, highest PAL activity in terms of
change in absorbance min?t g fresh weight of leaf was registered in salicylic acid treated seedlings
(0.942) followed by benzothiadiazole-s-methyl ester (0.880) and B-aminobutyric acid (0.820). While
least PAL activity was observed in treatment with (0.450). The salicylic acid estimation was also
conducted and was found higher in benzothiadiazole-s-methyl ester (57.07ug/g) followed by B-
aminobutyric acid (51.87 pg/g) respectively. Interestingly, it was found that irrespective of sampling
intervals, maximum content of above tested biochemical parameters was noticed at 7" days followed by
14" days of pathogen inoculation. Our findings suggest that enhancing resistance in apple seedlings
before infection could be an innovative, safe and alternative control method against white root rot of

apple.
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Introduction

Apple is an important temperate fruit crop not only for its economic importance but also for its
nutritional value. Plant diseases caused by soil-borne plant pathogens considered the major
constraints in agricultural production throughout the world, reducing yield and quality of
crops. White root rot caused by Dematophora necatrix Hartig is the most devastating soil
borne disease of apple (Malus domestica L.) in many countries (Sharma and Sharma, 2002)
I3, In Himachal Pradesh, the disease was first observed in 1961 (Agarwala, 1961) @ and
estimated loss due to this single disease was about Rs 1.3 million (Agarwala and Sharma,
1966) M. These losses are expected to be much more as the disease has now been reported to
occur in almost all apple growing regions of the country (Sharma and Sharma, 2008) B4, This
serious diseases leading to delayed growth and subsequent death of severely infected plants.
The control of white root rot of apple is difficult as pathogen remain deep seated in the soil.
The classical strategies, viz., use of fungicides and resistant varieties have largely been
ineffective in controlling the disease because of its soil-borne nature. The repeated drenching
of these fungicides is not only cost prohibitive but also leads to the development of resistant
strains of pathogen.
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The fungicide when applied as a soil drench fails to reach the
infection site due to their adsorption on soil particles.
Presently, carbendazim and aureofungin are being
recommended for its management (Anonymous, 2014) M,
The fungicides being systemic and undoubtedly proved
somewhat effective, but can’t be drenched repeatedly as the
latter is not usually available in the market. Some cultural
practices to control this disease (Gupta and Sharma, 1999) 1%
though have been recommended but they usually fail to
control the disease under high disease pressure situation.
Furthermore, there are increasingly more restrictions on
application of fungicides due to public concern about residues
in food and harmful effects on the environment and human
health. Hence there is a need for developing novel
management strategy which is practically effective and
environmentally safe.

Induction of resistance to pathogen is a promising approach
for controlling plant diseases. Induced resistance is the
general term by which all types of elicited responses that lead
to enhanced protection against disease — including both
locally and systemically induced resistance — can be
designated (Hammerschmidt et al., 2001) 7, Keeping in
view the adverse consequences of fungicides, reduction in use
of fungicides is highly advocated. Resistance to pathogens is
associated with the accumulation of enzymes, antibiotics and
inhibitors. Salicylic acid is a natural phenolic compound
present in many plants and is an important component in the
signal transduction pathway and is involved in local and
systemic resistance to pathogens (Delaney et al., 1995 and
Maleck et al., 2000) [*2 22, Phenolic compounds are a
chemically diverse and biologically important group of
secondary metabolites. In apple trees, these compounds are
involved in natural defence reactions against various diseases
(Slatnar et al., 2010; Dao et al., 2011) [ 9 Their rapid
accumulation at the infection site limits the development of
the pathogen, potentially isolating it at the original site of
ingress  (Nicholson and Hammerschmidt, 1992) [,
Exogenous application of SA induces plant resistance to
different kinds of pathogens that are associated with oxidative
burst, cell wall enforcement, up- or down-regulation of gene
expression (Oostendorp et al., 2001) % Phenylalanine
ammonia lyase (PAL) catalyzes the deamination of L-
phenylalanine to t-cinnamic acid, which is the first step in the
phenylpropanoid pathway which supplies the precursors for
phenalics, lignin and furanocoumarin, phytoalexins and other
downstream metabolites (Tsuge et al., 2004) B34, Peroxidase
(POD) oxidizes phenolics to more toxic quinones and
generates hydrogen peroxide.The activities of PAL and POD
may rapidly be enhanced under the influence of elicitors or
pathogen attack.

As a consequence, resistance studies pertaining to D. necatrix
are rather limited till date. So keeping in view the importance
of disease, the present study was therefore, undertaken to find
out the role of biochemical mechanisms involved in resistance
against white root rot after treatment with induced resistance
chemicals.

When microbes invade plant cells, polyphenol oxidases are
involved in the oxidation of polyphenols into quinines (Soliva
et al., 2001) ¥, Peroxidases participate in wall building
processes, e.g., oxidation of phenols, and the suberization and
lignification of host cells during the defence reaction against
pathogenic agents (Mohammadi and Kazami, 2002) 24, These
phenol oxidizing enzymes may participate in plant responses
to microbes (Reimers et al., 1992; Chen et al., 2000) [2° 8],
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Materials and Methods

A pot experiment was conducted at Model research Farm of
Dr YS Parmar university of Horticulture and Forestry Solan
(H.P.), India during 2016 to evaluate the effect of IR
chemicals viz., salicylic acid, benzothiadiazole-s-methyl ester,
potassium oxalate, B-amino butyric acid, calcium carbonate,
sodium salicylate and di-potassium hydrogen orthophosphate
against white root rot pathogen. In this study, seven induced
resistance (IR) chemicals with 300ppm concentrations were
diluted with distilled sterilized water were evaluated by root
dip treatment and soil application for various biochemical
parameters. Seedlings were dipped for about half an hour in
respective solution of above mentioned resistance inducing
chemicals before planting in the pots. The 250 ml
concentration of above resistance inducers were applied again
by drenching the soil around root zone just after 15 days of
root dip treatment. Subsequently, after 20 days of soil
application, treated plants were inoculated by adding the
culture of D. necatrix grown on wheat grains @ 0.2 per cent
(w/w). Each treatment was replicated three times in
completely randomized design (CRD).

Estimation of biochemical changes associated with
induced resistance

Activities of salicylic acid, total phenol and enzymes viz.,
polyphenol oxidase, phenylalanine, peroxidase associated
with imparting resistance in host were estimated at 0 (day
when pathogen was applied), 7, 14, and 21 days of pathogen
inoculation. The leaf extracts of apple seedlings the roots of
which surviving treatments with resistance inducer chemicals
at 300ppm (concentration found most effective in controlling
disease) were evaluated for different biochemical characters.
Likewise, untreated seedlings leaves were evaluated for above
mentioned biochemicals characters as per the standard
procedures described by Mahadevan and Sridhar (1986) 241,

Extraction of phenol contents from leaves

One gram of fresh leaf sample both from IR treated chemicals
as well as control (untreated) was cut into small pieces,
homogenized in 80 per cent ethanol (4 ml alcohol/g tissue)
and thereafter put in boiling water bath for 10 minutes. After
10 minutes of boiling it was cooled and crushed in pestle and
mortar thoroughly at room temperature. The extract was
filtered through double layer of muslin cloth and again
through Whatman No. | filter paper. Final volume of the
filterate was adjusted to 5ml with 80 per cent ethanol. The
entire experiment was performed in dark to prevent light
induced degradation of phenols.

Estimation of phenols

Reagents

1. Folin-Ciocalteu reagent (FCR)
2. 80% Ethanol

3. 20% Sodium carbonate

Procedure

To one ml of alcohol extract, one ml of Folin - Ciocalteu
reagent was added followed by the addition of 2 ml of 20 per
cent sodium carbonate solution. These contents were shaken
before heating in a boiling water bath exactly for one minute,
and cooled in running water. The blue solution so obtained
was diluted to 25 ml with double distilled water. After half an
hour optical density of the solution was measured at 650nm
using spectrophotometer in a Spectronic 20. A blank
containing all the reagents minus Folin- Ciocalteu reagent was
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used to adjust the absorbance to zero. Catechol was used as
standard. The calibration curve was plotted using standard
catechol.

Extraction of enzymes for polyphenol oxidase and
peroxidase activity

A leaf sample (0.5 g) was homogenized in 5 ml of 0.1 M
potassium phosphate buffer (pH 7.5) containing 2% (w/v)
polyvinyl-polypyrrolidone (PVP) and 0.25% (v/v) Triton X.
The homogenate was centrifuged at 10,000 rpm for 30 min at
4°C. The supernatants were used as crude enzyme extracts to
assay the enzymatic activities.

Estimation of polyphenol oxidase activity

Reagents

1. 0.025M catechol (C¢HeO2) dissolved in 0.1 M phosphate
buffer (pH 6.0)

2. 0.1M potassium phosphate buffer (pH 6.5)

The polyphenol oxidase activity was determined spectro
photometrically. The assay mixture contained 1.95 ml of 0.1
M potassium phosphate buffer (pH 7.5). 1 ml of catechol
(0.025M) and 50 pl diluted crude enzyme extract. The
enzyme activity was expressed as change in absorbance at
420nm which was recorded at 30s intervals for 3 min. The
enzymatic activity was expressed as the change in the
absorbance of the reaction mixture min™ g on a fresh weight
basis.

Estimation of peroxidase activity

Reagents

1. 0.05 M solution of pyrogallol was prepared in 0.1M
phosphate buffer (pH 6.0). It was filtered through filter
paper (Whatman No. 42), and kept in dark, and used
within two hours.

2. One per cent hydrogen peroxide was prepared in double
distilled water, and was tightly corked, and stored.

Procedure

Peroxidase activity was assayed spectrophotometrically. The
reaction mixture consisted of 1.5 ml of 0.05 M pyrogallol, 0.5
ml of crude enzyme extract, and 0.5 ml of 1 per cent hydrogen
peroxide. The reaction mixture was incubated at room
temperature (28+1 °C) for 30 minutes. The change in
absorbance at 420nm was recorded at 30s intervals for 3 min.
The enzymatic activity was expressed as the change in the
absorbance of the reaction mixture min* g* on a fresh weight
basis (Hammerschmidt et al., 1982) [7],

Extraction and estimation of phenylalanine ammonia
lyase (PAL) activity

One gram sample of leaves was homogenized in 3 ml of ice-
cold 0.1M sodium borate buffer (pH 7.0), containing 1.4 mM
of  2-mercaptoethanol and 0.1g of  insoluble
polyvinylpyrrolidone. The extract was filtered through cheese
cloth, and the filtrate was centrifuged at 15000g for 15
minutes. The supernatant was used as enzyme source.
Phenylalanine ammonia lyase activity was determined as the
rate of conversion of L-phenylalanine to trans-cinnamic acid
(Dickerson et al., 1984) ¥, Sample containing 0.4 ml of
crude enzyme extract was incubated with 0.5ml of 0.1M
borate buffer, pH 8.8 and 0.5 ml of 12mM L-phenylalanine in
the same buffer for 30 minutes at 30°C. The amount of trans-
cinnamic acid formed from L- phenylalanine was measured
spectrophotometrically at 290nm. Enzyme activity was
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expressed as pg of trans-cinnamic acid (in i mol quantities)
mint g fresh weight.

Estimation of salicylic acid from leaf sample

One gram sample of leaf tissue was collected from the plant
and frozen in liquid N, their homogenized in 10 ml 80 per
cent methanol and stored in the deep-freeze (-20 °C). Later,
the homogenate was centrifuged at 15000 rpm for 30 min at 4
°C. The pellet was discarded. After addition of ascorbic acid
(0.1 g to 5 ml) the homogenate was evaporated 3 times in a
rotary evaporator at 65 °C for 5 min. The residues were
dissolved in 5 ml of 80 per cent methanol. Then 500 pl
homogenate of the above extract were mixed with 250 pl HCI
(10 N) and 1000 pl methanol, incubated in a water bath at 80
°C for 2 h, neutralized with 4-5 drops 1 M NaHCO3, and 1000
ul methanol were added. The O.D. at 254nm was measured at
0, 7, 14 and 21 days of pathogen inoculation as per the
procedure described by Dat et al. (2000) . The content of
salicylic acid was calculated and expressed as:

Amount of total salicylic acid = png / g leaves

Result and Discussion

Apple seedlings pretreated with IR chemicals viz., salicylic
acid, benzothiadiazole-s-methyl ester, potassium oxalate, -
amino butyric acid, calcium carbonate, sodium salicylate and
di-potassium hydrogen orthophosphate were assayed at
sampling intervals of 0 (day of pathogen inoculation), 7, 14
and 21 days, after pathogen inoculation for various
biochemical constitutions like total phenols, polyphenol
oxidase activity, peroxidase activity, PAL activity and
salicylic acid activity. To the best of our knowledge, this is
the first report carried out for the use of resistance inducer
chemicals for estimating biochemical parameters of apple
against white root rot of apple.

Total phenols

The perusal of data presented on total phenol (Fig.1)
suggested that in all treatments total phenol content increased
progressively up to 7" day of pathogen inoculation and
thereafter it declined. The maximum amount of phenol
content (651.67pg/g leaf tissue) was found in apple leaves
treated with salicylic acid as root dip treatment followed by
benzothiadiazole-s-methyl ester (605.67ug/g leaf tissue) and
B-amino butyric acid (567.67ug/g leaf tissue) respectively.
However, calcium carbonate (425.00ug/g leaf tissue) treated
apple seedlings leaves registered least increase in amount of
phenol content at 7th day of pathogen inoculation. Increased
total phenol content was also observed in water treated
control (350.67ug/g leaf tissue) over a period of time but the
level was lower as compared to other treatments. The data
also shows that the phenol content for all treatments increase
from 0 to 7 days period but again decreases from 7 to 21 days.
The result summarized that the phenol content in all treated
plants increased up to a certain period and thereafter, it was
decreased. These findings are in accordance with those of El-
hendawy et al., (2010) 4 who found that faba bean plants
treated with salicylic acid either foliar spray or seed soaking
showed the maximum acculmulation of total phenol in
inducing resistance against chocolate spot disease as
compared with the untreated ones. Similarly, Biswas et al.,
(2012) 1 showed that total phenol contents for all the
treatments increases from 5-10 days period but thereafter,
again decreases from 10-15 days. The increased phenol
content in treated plants might be responsible for defence
mechanisms in plants. Jaypal and Mahadevan (1968) [8l
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reported that sharp increase in phenol contents in
incompatible host pathogen interaction promote resistance
through hypersensitive reaction. Phenolic compounds being
fungitoxic in nature, hence due to accumulation of phenolic

http://www.chemijournal.com

compounds they directly involved in plant resistance either
provided mechanical strength to host cell wall or to create a
barrier to restrict the entry of pathogens.
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Fig 1: Total phenolic content (ug/g fresh wt. of leaf tissue) in apple seedlings treated with IR chemicals at 0, 7, 14 and 21 days of pathogen
inoculation

Polyphenol oxidase (PPO) and Peroxidase (POD) activity

Increased polyphenol oxidase activity of apple seedlings up to
7" days of pathogen inoculation among all the tested IR
chemicals shown in figure 2. The highest (0.843) level of PPO
activity in terms of change in absorbance/min/mg fresh wt. of
leaf tissue was determined in salicylic acid treated apple
seedlings followed by benzothiadiazole-s-methyl ester
(0.767). However, the lowest record of PPO activity was
observed in calcium carbonate (0.403). In general, it was
found that PPO activity was higher in chemical treated
seedlings as compared to untreated control. Almoneafy et al.,
(2013) B had also reported tomato plants treated with SA
showed increased PPO activity on 5" and 9" day of
inoculation. Similarly, higher level of PPO was observed in
roots and shoots of susceptible cultivars of chickpea on
treatment with elicitors SA (Raju et al., 2008) [l
Furthermore, Chandra et al., (2007) Il confirmed a decline in
infection by Rhizoctonia solani with an increase in activity of
PPO. The increased PPO activity results in the augmented rate
of oxidation of phenolics to more toxic compound quinines
which have fungitoxic properties and furthermore, reduced
unavailability of nutrients or cellular proteins to the pathogens
(Wuyts et al., 2006) %1, In addition, cross linking of quinines
with phenolic compounds form a physical barrier to
pathogens in the cell wall and generation of H,O, and other
reactive species (Li and Steffens, 2002) 1. Thus, indicating

the substantial role of IR chemicals in imparting resistance
through the enhanced activity of PPO enzyme. Perusal of data
(Fig.3) revealed that among all the tested IR chemicals,
activity of peroxidase (POD) in apple seedlings increased
dramatically with similar trends as noticed in PPO. The POD
activity was increased significantly up to the 7" days of
pathogen inoculation thereafter, it decreased in all the
treatments. Maximum (0.943) POD activity in terms of
change in absorbance /min/mg fresh wt. of leaf tissue was
registered in seedlings treated with salicylic acid followed by
benzothiadiazole-s-metyl ester (0.870) while the least increase
in POD activity was noticed on calcium carbonate (0.643)
treated apple seedlings. The results are similar with the
findings of Mandel et al., (2009) 21 who found that the
activities of POD was 4 times higher than the control plants at
168 h of salicylic acid feeding through the roots. Similarly,
Almoneafy et al., (2013) ! recorded high induction of POD
activity on 9™ day after inoculation on SA treated tomato
plants. Increase in POD activity was mainly due to enhanced
respiratory rate induced by the pathogen activity and its
predominant participation in the wall-building processes such
as rapid oxidation of phenols, suberization and lignifications
of host plant cells thus displays diverse role in defence
reaction against pathogenic agents (Asha and kannabiran,
2001) B1,
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Polyphenol oxidase activity (change in
absorbence/min/mg fresh wt.)

IR chemicals

Fig 2: Polyphenol oxidase (change in absorbance /min/mg fresh wt. of leaf tissue) activity in apple seedlings treated with IR chemicals after 0, 7,
14 and 21 days of pathogen inoculation

1.4

fresh wt. of leaf

Peroxidase activity (change in absorbence/min/mg

ni

IR chemicals

2 n7 m14 m2l

Fig 3: Peroxidase (change in absorbance /min/mg fresh wt. of leaf tissue) activity in apple seedlings treated with IR chemicals after 0, 7, 14 and
21 days of pathogen inoculation

Phenylalanine ammonia-lyase (PAL) activity

The data presented in figure 4 revealed that pretreatment of
apple seedlings with all the resistance inducer chemicals, PAL
activity  increased  significantly  following  pathogen
inoculation (0 day) and thereafter continued to increase up to
7 days. Maximum PAL activity (1.273 pmol trans-cinnamic
acid ming?) was observed in salicylic acid treated apple
seedling leaves followed by benzothiadiazole-s-methyl ester
(1.217). However, least (0.643 pwmol trans-cinnamic acid min-
'g1) PAL activity was recorded in calcium carbonate apple
seedlings. The results are in agreement with those of Mandel

et al., (2009) 31 who detected 3.5 times higher activity of
PAL on SA treated tomato plants than control after 72 h of
inoculation. They also recorded the activity of enzyme which
was 5.9 times higher than control plants on day seven (i.e.,
168 h) of the SA feeding of the roots. PAL acts as a key
enzyme in the phenyl propanoid metabolism in plants in that
way involves in the conversion of amino acid phenyl alanine
to trans-cinnamic acid, the precursors for the synthesis of
lignin, flavanoid and phytoalexins (Hahlbrock and Scheel,
1989) [161,
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of leaf)

PAL activity ((umol transcinnamic acid/min/gfresh wit.

IR chemicals @'Q

Fig 4: Phenylalanine ammonia-lyase (change in absorbance /min/mg fresh wt.) activity in apple seedlings treated with IR chemicals after 0, 7,
14 and 21 days of pathogen inoculation

Estimation of salicylic acid (SA)

The perusal of data (Fig.5) indicated that salicylic acid
content increased sharply after pathogen inoculation (0-day).
This increment in extent of SA content was determined
mainly up to 14™ days of pathogen inoculation and thereafter,
it decreased gradually in all the treatments. The highest SA
level (67.33ug/g fresh wt. of leaf tissue) was observed in
benzothiadiazole-s-methyl ester followed by f-amino butyric
acid (59.67ug/g fresh wt. of leaf tissue). However, least SA
content (34.67ug/g fresh wt. of leaf tissue) was recorded in
apple seedlings treated with calcium carbonate. The results
are similar with the findings of Prakongkha et al., (2013) 1281
who established that grapevine plants treated with chitosan
and BTH, SA level increased significantly seven days after
treatment and much more seven days after challenge
inoculation. In contrast, SA accumulation in non-treated, but

pathogen-inoculated grape vine was considerably lower.
Interestingly, in the earlier studies it was noticed that
exogenous application of SA does not spread quickly inside
plants which does not significantly increase the endogenous
levels of SA. The increment of SA concentration in the leaf
tissues might have contributed for enhanced resistance to the
pathogen. SA was found to be an essential signal molecule
involved in triggering defense responses and/or in sensitizing
plant cells for a faster and stronger response to further
pathogen attack. Furthermore, SA inhibits catalase production
which leads to an increase in the concentration of hydrogen
peroxide (H.O2) or active oxygen species during the
hypersensitive response against pathogens thereby, acts as
intermediates in the signaling cascade for the expression of
genes related to defence (Chen et al., 1993) [,

80
70
60
50
40
30
20
10

0

Salieylic acid (ng/g fresh wt, of leaf)

IR chemicals

Fig 5: Salicylic acid content (ug/g fresh wt. of leaf tissue) in apple seedlings treated with IR chemicals after 0, 7, 14 and 21 days of pathogen
inoculation
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Conclusion

This biochemical study indicated that there was pronounced
increase in all the biochemical parameters in apple seedlings
when pretreated with resistance inducer chemicals. Our
findings suggest that enhancing resistance in apple using

resistance

inducing chemicals especially salicylic acid,

benzothiadiazole-s-methyl ester and [-aminobutyric acid
could be wused as possible alternative strategies for
management of white root rot of apple. Although not fully
understood, exogenous application of induced resistance
chemical opens new horizons and might be commercially
used as an eco-friendly, safe, cheap and easily applied method
alternative to fungicides to control white root rot pathogen
under pot and open field conditions.
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