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artificial inoculation with Rhizoctonia solani for 40 days and compared with control. The

Key Words: reducing sugar content in control samples ranged from 13.22 to 13.38% while in inoculated
Potato, samples it ranged from 5.51 to 5.22%. Starch and vitamin C content were significantly affected
Rhizoctonia solani, by inoculation. In control the starch varied from 38.37% in VR96 to 46.56% in V3 whereas in
Reducing sugar, inoculated samples the starch ranged from 24.27 % in V3 to 31.09% in VR94725. Similarly the

Starch and vitamin C. vitamin C ranged from 3.32 to 4.25mg/100gm in control samples whereas in inoculated samples

it ranged from 1.69 to 2.21mg/100gm.
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INTRODUCTION

production of crops intended for bio-fuel rather than foodstuff
could be lessened by an increase in potato cultivation (CIP,
2008). Potato is known to be the richest of carbohydrates with
26 g within a medium potato. Small amount of this starch is
resistant to be digested by the enzyme in stomach and small
intestine, which reaches the large intestine having the same
physiological effect on the body like fibers that provide bulk,
protects the body from colon cancer, and increases glucose
tolerance and insulin sensitivity, lower the cholesterol level
and triglyceride concentration and also reduces the fat storage
(Raban et al, 1994; Hylla et al, 1998). Studies on various
potato varieties from Punjab region contained moisture up to
80 %, dry matter 23 %, ash 6 %, crude protein 14 %, crude fat
1 % and starch 76 % (Bhatti et al., 1968). The resistant amount
of starch in potato depends mostly on preparation method to be
used. This resistant starch increases on cooking and then by
*Corresponding author: Habib Ullah, cooling. For example, the amount of resistant starch in cooked

Department of Agricultural Chemistry, University of Agriculture potato is about 7 %, which increases to 13% upon cooling.
Peshawar, Pakistan This contains toxic compounds such as glycolalkaloides, the

Potato (Solanum tuberosum L.) is an annual, herbaceous and
dicotyledonous plant belonging to genus Solanum and family
Solanaceae, a major vegetable crop of Pakistan, grown on an
area of 185.1 thousand hectares with an annual production of
4104.4 thousand tonnes (Anonymous, 2013). Potato belongs to
one botanical specie Solanum tuberosum but it comprises of
thousands of varieties that vary in their characteristics.
Potato’s origin is from South America Andes. Chile and Peru
fight over its origin (Anonymous, 2008). Haq et al. (2008)
reported that half of population of Pakistan is at threshold level
of food insecurity because of shortage and surge in prices of
food items according to World Food Program. Researchers at
International Potato Center have recommended that the
emergent dilemma of food supply due to rise in prices and




9065 Habib Ullah et al. Biochemical screening of advanced potato lines for tolerance against rhizoctonia Solani

most prevalent of which is solaline and chaconine. These
compounds are present mostly in sprouts, leaves and stems
which protect plants from predators. Glycoalkaloides causes
headache, and sometimes leads to coma and even death in
severe cases. In humans the poisoning occurs very rarely
(Englyst et al., 1992). Potato crop is having serious and major
pathological threats in Pakistan and during recent years, soil-
borne and seed-borne diseases have turned out to be a major
threat to this crop in Pakistan (Ahmad et al., 1995).

Among the various fungal diseases of potato crop, black scurf
disease of potato caused by, Rhizoctonia solani, (Ahmed et al.,
1995; Khan et al., 1995) is the serious and most commonly
observed disease with the characteristic symptoms of black
scurf (dark brown to black colored hard masses of sclerotia,
irregularly shaped and superficial, varying from small, flat,
barely detectable blotches to large and raised lumps adhering
tightly to the skin) on tubers and stem canker are the result of
Rhizoctonia disease complex in potato (Tsror, 2010). Black
scurf disease increases gradually as level of inoculum
increases and sclerotia may develop on tuber surface even
under primary low inoculum level, resultantly the control
through fungicidal chemistries is not always useful especially
when levels of initial inoculum are high (Tsror and Peretz
2005; Kyritsis and Wale, 2002). Rhizoctonia solani Kiihn,
(teleomorph Thanatephorus cucumeris (A. B. Frank) Donk) is
a soil borne Basidiomycete occurring world-wide, with
complex biology and causes disease on a broad array of host
plant species (Agrios 1988). Keeping in view the importance
of potato in human nutrition as well as the economy of
country, this study was planned to investigate and compare the
proximate composition, reducing sugars, starch, minerals and
vitamin C contents of Rhizoctonia solani infected three newly
developed potato lines.

MATERIALS AND METHODS

Samples collection

Composite samples (2 kg) each of the three newly developed
potato lines (VR96, VR94725 and V3) were collected from
Agricultural Institute Tarnab (ARI Tarnab), Peshawar. The
samples were brought to the post graduate laboratory of
Department of Agricultural Chemistry, Khyber Pakhtunkhwa,
University of Agriculture Peshawar, Pakistan where they were
reduced to laboratory samples (1 kg each) and stored at 4 °C
for further study.

Inoculation with Rhizoctonia solani and storage

Rhizoctonia solani mycelia were isolated from the naturally
infected potato tubers. For this purpose, an inoculum was
made from the infected portions of potato tuber and was
spread plated on potato dextrose agar held in Petri plates. After
incubation for seven days, at 28 °C, mycelia from R. solani
colonies were isolated and purified by sub-culturing on Malt
Extract Agar (Shah et al., 2010). From the purified isolates of
R. solani mycelial suspensions were made in distilled water.
The samples of selected potato lines were taken in plastic jars
and inoculated with R. solani suspension. Three replicates per
control (uninoculated) and inoculated samples of each line
were taken and incubated at ambient room temperature. A total

of 18 replicates were incubated for 40 days. At the end of
experimental period all the samples were analyzed and
compared for the following parameters.

Reducing Sugar

For the calculation of reducing sugar the method of AOAC
(2000) was followed. 2 g of the potato sample was extracted
with 100 ml distilled water by crushing and subsequent
filtration. The filtrate was taken in burette. Then 5 ml of
Fehling A (7 g CuS0O4.5H,0 per 100 ml water) and 5 ml of
Fehling B (10 g NaOH plus 34 g sodium potassium tartarate
per 100 ml distilled water) solutions along with 10 ml of
distilled water were taken in a conical flask. The flask was
heated continuously and the sample solution was added from
the burette drop by drop until break red color was observed.
Then few drops of methylene blue was added as indicator
which did not change the color from red to blue and reduction
was completed. The amount of reducing sugar was calculated
by the fact that 5 ml of Fehling A + 5 ml of Fehling B reduce
0.05 g of the reducing sugar. Reducing sugar (%) was
calculated by using the following formula:

0.05xvolume

reducing sugar (%) = —— -
titration reading

Starch determination

Starch was determined by the method as reported by Potzi
(2006). Accurately weighed 8 g of sample taken on a filter
paper was washed twice with 10 % alcohol and then with 30 %
alcohol (20 ml each). The residue was transferred into beaker
containing 50 ml of water and heated for 15 minutes with
constant stirring until the starch was gelatinized and
homogenous mixture was observed. The solution was cooled
to 50°C and was added with 0.03 g of diastase enzyme
dissolved in 5 ml of water. The mixture was then kept at 60°C
in incubator for one and half an hour. The temperature was
raised to 100 °C and then filtered. The residues were then
hydrolyzed with 0.1 N HCI and heated for 2 hours. The
mixture was cooled and neutralized with 0.1N Na,CO; and the
volume was made upto 500 ml. The calculation of dextrose
was carried out by Lane and Eynon method (1923). For this
purpose, 5 ml of Fehling A and 5 ml of Fehling B were
pipetted into a conical flask boiling on asbestos gauze and
added with the test solution till the blue color was disappeared.
2 ml of methylene blue was added and the process was
continued until blue color was disappeared completely. The
end point was brick red color.

Amount of starch = dextrose x 0.90

% Starch = Weight of starch x 100
Weight of sample

Vitamin C determination

Dye reduction method was employed for calculation of
Vitamin C. The ascorbic acid present in sample was titrated
against 2, 6-diclorophenole indophenol as suggested by AOAC
(2003).
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Reagents

e 50 mg of dye (2, 6-dichlorophenol indophenol) and 42
mg NaHCO; dissolved in 200 ml boiled distilled water
homogenized for 30 minutes.

e Oxalic acid 0.4 %

e Standard ascorbic acid (50 mg ascorbic acid dissolved
in 50 ml of 0.4 % oxalic acid)

Standardization of Dye

Oxalic acid and ascorbic acid in ratio of 1:25 ml were taken in
the conical flask and titrated against dye. The dye factor was
calculated as follow.

Dye factor = 1/ titration reading

Sample assay

20 ml of sample and 50 ml of 0.4 % oxalic acid were taken
and homogenized. The volume was then made up to 500 ml
with oxalic acid solution. 10 ml of this solution was titrated
against dye resulted in a pink color.

% Vitamin C = Titration reading x dye factor x  dilution
factor x 100

Volume of sample x aliquot sample

Statistical analysis

The data was subjected to statistical analysis using MSTATC
package of statistical software. Analysis of variance was
carried out by using CR design. Means were compared by
Least Significant Difference (LSD) test at P<0.05.

RESULTS AND DISCUSSION

A comparative study was carried out to check the nutritional
stability of newly developed potato lines (VR96, VR94725
and V3) against Rhizoctonia solani. For this purpose, the
samples of the selected lines were artificially inoculated with
R. solani mycelia. After 40 days of storage all the samples
were examined for proximate composition, reducing sugar,
starch, vitamin C content and minerals profile were compared
with control. The data so obtained were presented as tabulated
and graphically and is discussed as follows:

Reducing sugar

Data concerning reducing sugar content are shown in Figure 1.
It was examined that reducing sugar ranged from 13.22 to
13.38% in control samples. Higher reducing sugar content was
found in V3 and lower was recorded in VR94725. In
inoculated samples, 5.51 % was the higher and 5.22 % was the
lower sugar content in V3 and VR96 respectively. Analysis of
data revealed that control and inoculated samples were
significant (P<0.05) while their interactions were not
significant with respect to reducing sugar contents. Similar
results have been reported in earlier literature that the reducing
sugar contents of plants are decreased with the attack of
microorganisms. Killadar and More (2010) observed a

decrease in reducing sugar content of Memcylon umbellatum
from 23 to 16 % as infected by fungi.

Starch content (%)

Figure 2 represents the data regarding the starch content of
selected potato lines. It was observed that, among the control
(uninoculated) treatments V3 had the highest amount of starch
(46.56 %), followed by VR94725 (42.02 %) and the minimum
amount (38.37 %) was examined in VR96. Starch content of
all the three lines were negatively affected by Rhizoctonia
solani. In inoculated samples, the average starch contents were
found to be 26.26 %, 31.09 % and 24.27 % for V3, VR94725
and VR96, respectively. Our findings are fairly in line with
that of Amadioha (1998) who reported that starch content was
decreased from 70 to 17.7% in Rhizopus oryzae infected
potato cultivars during 10 days storage. Similar pattern of
results were reported by Mba and Akueshi, (2001) and Ataga
and Ota, (2006).

The decrease in starch content during infection may be
explained by the fact that nutrient components generally
decrease where there is a disease pressure. When the plants are
attacked by external pathogens they show a decrease in the
nutrient composition to minimize the disease pressure (Shehu
and Aliero, 2010). Potato is a best source of starch. A small
but significant portion of this starch is resistant to digestion by
enzymes in the stomach and small intestine, and so reaches the
large intestine essentially intact. This resistant starch is
considered to have similar physiological effects and health
benefits as fiber: It provides bulk, offers protection against
colon cancer, improves glucose tolerance and insulin
sensitivity, lowers plasma cholesterol and triglyceride
concentrations, increases satiety, and possibly even reduces fat
storage (Raben et al., 1994; Cummings et al., 1996; Hylla et
al., 1998).

Table 1. Analysis of variance for reducing sugar content, starch
content and Vitamin C content of potato lines

SOV Sugar Starch Vitamin C
Factor A 4727812.50" 102800 1224
Factor B 517""* 28.84: 04015
AB 58.50 58.55 0.93
Error 3600.39 2.05 0.06
Ccv 9.22 4.12 8.32
Mcontrol
16 7 Olinoculated
14
£ 1 4
g 10 A
o 8
¢ 47
2 -
0 .
VR96 VR94725 V3

Potato Lines

Fig.1. Reducing Sugar content (%) of three potato lines infected
by Rhizoctonia solani. Vertical bars represent the standard errors
of means
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Fig.2. Starch content (%) of three potato lines infected by
Rhizoctonia solani. Vertical bars represent the standard errors of
means

Vitamin C content

The data pertaining to vitamin C contents of the newly
developed potato lines (i.e. VR96, VR94725 and V3) as
affected by Rhizoctonia solani is shown in figure 3. It was
observed that in control samples, maximum vitamin C (4.27
mg/100g) was found in VR96 whereas minimum
(3.31mg/100g) in VR94725. Inoculation significantly reduced
the vitamin C content of all the three lines. Vitamin C contents
of inoculated samples were found to be 1.69, 2.11 and 2.21
mg/100g for VR96, VR94725 and VR96, respectively.
Analysis of the data showed that VR96 was most susceptible
to Rhizoctonia solani in term of vitamin C reduction. These
results are strongly supported by the finding of (Aulakh et al.,
1970; Farooqui et al, 1080), who reported that the
concentrations of vitamin C are adversely affected by different
plant pathogens. They reported the change in ascorbic acid
content in crops as results of fungal and nematode infection.
Ascorbic acid is water-soluble vitamin. High amount required
for body, as its excretion is frequent from body. It plays an
important role in reversible oxidation-reduction system. It
works against scurvy disease and also helps in the formation of
folic acid derivatives and essential for DNA synthesis
(Chatterjea and Shinde, 1998).

m Control
m inoc ulated

700 A
600 -
500 4
400 4
300 A
200 4

Vitamin C (mg/100g)

100

O 4

VRO4725
Potato lines

Fig. 3. Vitamin C content (mg /100 gm) of three potato lines as
infected by Rhizoctoni solani. Vertical bars represent the
standard errors of means

Conclusion
It is concluded that the reducing sugar, starch and vitamin C in

potato lines (VR96, VR94725 and V3) were significantly
decreased with R. solani infection. Hence it is concluded that

inoculation significantly affected the nutritional quality of
almost all potato lines but VR-96 was less affected.
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