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A preliminary study aimed at investigating the possible role of phenolics in
providing resistance against banded leaf and sheath blight of maize. The
phenolic content in all genotypes of maize increased after infection. This
increase was more prominent in resistant genotypes than in susceptible
genotypes. The highest increase (59.89 %) of phenols was observed in the
resistant inbred CI-5 inoculated with Rhizoctonia solani f. sp. sasakii
(RsHS) isolate. Phenol accumulation ranged from 4.25 to 8.53 g per cent
dry weight in inoculated diseased leaves and 4.17 to 5.33 g dry weight in
uninoculated healthy leaves of 11 genotypes.

Introduction

Maize (Zea mays L.) or corn belongs to the
Poaceae family. It is one of the third most
commonly grown field crops in the world
after rice and wheat. It is considered as
'‘Queen of Cereals' because of its high
productive capacity in cereal crops. Given the
fact that maize has a very high yield potential,
one of the key disincentives for high grain
yields is its susceptibility to a multitude of
diseases that are detrimental to production
and productivity. Approximately 112 maize
diseases have been reported from different
parts of the world, of which 65 are known to
occur in India (Saxena, 2002). Among the
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many fungal diseases affecting the growth of
maize, banded leaf and sheath blight (BLSB)
caused by Rhizoctonia solani Kuhn f.sp.
sasakii Exner is responsible for a huge loss of
grain yield from 11 to 40 per cent and even to
100 per cent for some cultivars in certain
warm and humid areas where factors are
desirable for the pathogen. (Madhavi et al.,
2011, Izhar and Chakraborty, 2013; Gao et
al., 2014).

The symptoms occur on all the aerial parts of
the plant, except the tassel, but the symptoms
on the leaves appear as irregularly globular to
elongated, reflective as water-soaked areas.
The affected areas tend to be bleached; soon
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they become straw coloured and necrotic
(Ahuja and Payak, 1982). Lesions enlarge
quickly resulting in discoloured areas
alternating with dark bands, which are typical
symptoms of BLSB (Rani et al., 2013).

In the present scenario, management of BLSB
is considered to be very critical because of the
disease caused by Rhizoctonia solani f.sp.
sasakii AG1-1A is the most prevalent and
serious limiting factor for the efficient
cultivation of maize in the world. Rhizoctonia
solani is a soil-borne fungal pathogen with a
very wide range of hosts and due to its
genetically diverse nature; it is very hard to
understand the background of BLSB
resistance. Fungicides have indeed been
extensively used to fight this fungus for the
years, causing considerable concern for
human health and the environment. As a
result, attention was paid to alternative
strategies to enhance crop resistance to
invasive pathogens by identifying the genetic
mechanisms responsible for an effective
defense response. It is therefore essential to
understand the biochemical pathways
underlying between Rhizoctonia solani and
maize and to plan long-term sustainable
disease control strategies. The goal of this
research is to create a biochemical basis for
resistance in the screened population of maize
genotypes by estimating the total phenols
associated with the activation of the defense
system.

Materials and Methods

In this study, two resistant genotypes
involving one inbred and one hybrid (CI-5
and BI109682), four moderately resistant
genotypes involving three inbreds and one
hybrid (CI-4, KDMI16, CM202, GHM1101),
two moderately susceptible involving one
inbred and one germplasm line (CM501 and
GPM744) and three susceptible genotypes
involving two germplasm lines and one
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hybrid (GPM649, GPM608 and DKC7074)
were used to assess their biochemical basis
for resistance and susceptibility. For this
study, 40 days old plants were selected and
were maintained in two sets with three
replications each, one set is utilized for
inoculation with Rhizoctonia solani f. sp.
Sasakii RsKH isolate as per method suggested
by Ahuja and Payak, (1978) and another set
serves as control i.e., without inoculation. The
samplings were taken from both inoculated
and uninoculated plants after 8 days of
inoculation and were used for estimating total
phenols.

Estimation of total protein

0.5 g of the inoculated and uninoculated plant
tissue was crushed separately in liquid
nitrogen and homogenised with 1 ml sodium-
phosphate buffer pH-7 in a pre-chilled mortar
and pestle at 4°C. The homogenate was
centrifuged at 12,500 rpm for 20 min at 4°C,
and the supernatant was used as a protein
source for the quantitative estimation in a
spectrophotometer following the method
developed by Lowry et al., (1951) and taking
three replications for each reading.

Preparation of enzyme extract

0.5 g of the inoculated and uninoculated plant
tissue was crushed separately with 1 ml buffer
in a pre-chilled mortar and pestle at 4°C. The
homogenate was centrifuged at 12,500 rpm
for 20 min at 4°C. Supernatant was used as an
enzyme source.

Estimation of total phenols

Total phenol content was estimated by the
procedure given by Malick and Singh
(1980).An aliquot of 0.2 ml of diluted alcohol
extract (1.0 ml of alcohol extract diluted to
10.0 ml) was taken in a test tube. The final
volume was made to 1.0 ml with distilled
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water and 1.0 ml of Folin-Ciocalteau reagent
(IN) followed by 2.0 ml of sodium carbonate
solution (2 %) was added. The tubes were
shaken well and heated in a water bath for
exactly one minute and then cooled under
running tap water. The blue coloured complex
developed was diluted to 20 ml with distilled
water and its absorbance was read at 660 nm
in a spectrophotometer. Different
concentrations of 10, 20, 30, 40, 50 ug/ml of
standard catechol (50 pg/ml) were used to
prepare a standard curve of pg of phenols
versus absorbance. The amount of phenols
present in sample was calculated from the
standard graph and expressed as gram per
cent (g of phenol in 100 g of tissue).

Results and Discussion
Total phenol content

The maize-Rhizoctonia interaction study
showed that the phenol content (8.53 and 7.80

g dry wt.) was increased in inoculated
resistant and moderately resistant genotypes
respectively as compared to uninoculated
genotypes (5.33 g dry wt.) and the lowest
phenol content (4.25 and 5.38 g dry wt.) was
registered in inoculated susceptible and
moderately susceptible genotypes,
respectively (Table 1).

The interaction between maize-Rhizoctonia,
showed the increased phenol content in the
inoculated resistant inbred i.e., CI-5 with 8.53
g per cent dry wt., which is followed by
hybrid B109682 with 8.06 g per cent dry
weight. Whereas, the lower phenol content
(425 g % dry wt) was recorded in
susceptible inoculated hybrid DKC7074
followed by germplasm line GPM608 with
4.28 g per cent dry wt. The per cent increase
of the phenol content was higher in resistant
inbred, CI-5 (59.89 %) and lowest (2.01) per
cent increase was recorded in the susceptible
hybrid, DKC7074 (Fig.1).

Table.1 Activity of phenols in selected genotypes of maize against R. solani under glasshouse
conditions

Genotypes
Healthy
CI-5 5.33
B109682 5.58
Cl-4 5.10
KDMI-16 4.95
CM202 4.93
GHM1101 491
CM501 4.89
GPM744 4.49
GPM649 4.76
GPM608 4.14
DKC7074 4.17
Factors SEm=
G 0.191
T 0.081
GxT 0.27

Total phenol content (g per cent dry wt.)

Diseased Per cent Increase
8.53 59.89
8.06 44.44
7.80 44.32
6.84 38.23
7.18 37.63
6.77 37.92
5.88 20.26
5.38 19.86
5.56 16.91
4.28 3.45
4.25 2.01

CD@5%
0.546
0.233
0.772

G: genotypes, T: treatment i.e., Healthy and Diseased, U: unit;
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Fig.1 Activity of phenols in different genotypes of maize against R. solanif. sp. sasakii
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Overall, the present investigation showed the
increased phenol content in resistant
genotypes followed by moderately resistant,
moderately  susceptible and susceptible
genotypes. The higher content of phenol in
the resistant genotypes may be the possible
reason for limiting the pathogenesis of the
pathogen, thus reducing the disease, and vice
versa in the susceptible genotypes, so that the
disease was higher due to lower phenol
content. However, the present findings were
close to Dahima et al., (2014) stated that
higher phenols in maize genotypes play a vital
role in inducing resistance to BLSB in maize.
Akhtar et al., (2011) found that phenolic
content was higher in resistant cultivars
compared to susceptible cultivars following
BLSB infection. The presence of a high
concentration of phenolic compounds is
known to be one of the major factors for
incompatible host pathogen interactions
(Farkas and Kirlay, 1962). The plant cells
synthesize phenol oxidising enzymes that
oxidise phenols to toxic quinines upon
pathogen infection, which play a key role in
disease resistance (Vidyasekaran, 1988;
Ashry and Mohamed, 2011) and it was
evident from the present investigation.
Phenols developed against the Rhizoctonia
solani f. sp. sasakii therefore serve as a
valuable trait for determining the disease
resistance and worth exploring it in the maize
plants.
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In conclusion the studies on the expression of
total phenols in the selected genotypes of
maize under pathogenesis of Rhizoctonia
solani revealed that the increased phenol as
secondary metabolite did its job by restricting
the pathogen through the conversion of
phenolic compounds to toxic quinone
compounds. From the present investigation it
was concluded that, the biochemicals released
during the maize-Rhizoctonia interaction may
serves as a valuable tool for determining the
resistance and susceptibility in the maize
genotypes.
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