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ABSTRACT

The experiments were carried out through two successive agricultural seasons of 2010/2011 and
2011/2012 at the greenhouse of Faculty of Agriculture, Zagazig University, Sharkia Governorate,
Egypt in order to study the effect of black scurf caused by Rhizoctonia solani on the quality and
quantity of sponta potato cultivar (Solanum tuberosum L.) and also, select the proper control methods
for the pathogen. The experimental treatments were divided into two groups; these groups namely (A)
and (B) were untreated soil with Rhizoctonia solani and treated soil with Rhizoctonia solani,
respectively. Each group was cultivated by the following treatments: untreated seed tubers, treated
seed tubers with Trichoderma virdi, treated seed tubers with Bacillus subtilis, treated seed tubers with
Rhizolex. Evaluation of the pathogen effect, different biological agents and chemical fungicide on
potato plants were done taking into consideration the following indicators plant height, chlorophyll,
proline, carbohydrate, starch, protein, disease ratio and anatomical studies. The experimental results
reveal that the previous indicators were in the optimum region under one of the following
recommended conditions: Trichoderma virdi as an effective biological control against the pathogen
which motivates the growth of potato plants. Rhizolex as a chemical control to Rhizoctonia solani
fungus at the recommended dose that reduces the disease ratio of potato tubers.

Key words: Potato plants, black sucrf, biological and chemical control, Morphological and
physiological characters, anatomical studies.

INTRODUCTION

considered one of an important fungal pathogen
that causes both stem canker and black scurf on

Potato (Solanum tuberosum 1..) is considered potato tubers world-wide. This pathogen is

one of the world's most important staple food
and more strategic crop that producing more dry
matter and protein per hectare than major cereal
crops. It comes in the fourth order after wheat,
corn and rice. The cultivated area with potato
plants in Egypt amounted to be about 334509
feddans (FAO, 2010). Furthermore, in Egypt
potato crop ranked first exported vegetable crop.
The total value of potato crop production in
Egypt is 4338430 ton (FAQ, 2011).

The black scurf disease is one of which
severely affects the potato production and yield.
The causal agent of this disease is the soil borne
fungus  Rhizoctonia solani Kiithn  which

* Corresponding author: Tel. : +2001225400933
E-mail address: sea_sound16@yahoo.com

belonging to the anastomosis group AG3 which
considered one of multinucleate Rhizoctonia
spp. El-Kot (2008) stated that the effects were
similar in most cases to those of Rhizolex
fungicide, which  increased  emergence,
chlorophyll content of potatoes leaf, potato tuber
yield and reduced black scurf and dry rot
severity. Mohammed et al. (2008) evaluated the
efficacy of Trichoderma virdi as an integrated
strategy of Rhizoctonia disease management in
potato crop. The challenge inoculation with T.
virdi caused a significant reduction in vitro in
the linear growth of Rhizoctonia solani
particularly, when it was performed closer to the
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time of pathogen inoculation. With the
exception of the number of stems, yield and
growth attributes of potato plants infected with
R. solani were significantly affected. T. virdi
application significantly increased the growth
components (i.e., plant height, shoot fresh and
dry weights, root fresh and dry weights) and
tuber yield (i.e., number and weight of tubers)
compared to potato plants inoculated with R.
solani alone. Moreover, the disease incidence
and severity, as stem canker or black scurf on
progeny tubers, were also significantly
alleviated by 7. virdi inoculation. Lutomirska
(2010) studied the influence of severity of seed
tubers infestation with black scurf as related to
potato plant growth, stem canker, yielding and
incidence of black scurf on progeny tubers.
Increasing levels of sclerotia on seed tubers
caused worse plant emergence, increasing stem
canker incidence and disease symptoms on
stems, but their severity was dependent on
weather conditions. Increasing of black scurf on
mother tubers affected relatively the yield and
tuber quality. The development of black scurf on
progeny tubers was less dependend on seed
tuber infestation with black scurf. Woodhall er
al. (2012) stated that Rhizoctonia solaniis a
species complex of 13 related but genetically
distinct anastomosis groups (AGs). In potato, R.
solani can infect the stems, stolons and roots
resulting in quantitative losses. It can also cause
qualitative losses through blemishes occurring
on progeny tubers, such as black scurfand
elephant hide (corky cracking). Knowledge of
the AG in local populations is important because
they differ in host range, fungicide sensitivity,
and disease severity.

So, the objectives of this work are to:

1.Study the effect of Rhizoctonia solani at
different growth stage of potato plants.

2.Compare the effect of pathogen and different

control  methods on  potato  plants
characteristics.
3.0ptimize different control methods to

eliminate black scurf disease of potato.

4 Evaluate the potato plants from its yield
components and tubers quality.

MATERIALS AND METHODS

The experiments were carried out through
two  successive agricultural seasons of
2010/2011 and 2011/2012 at the greenhouse of
Faculty of Agriculture, Zagazig University,
Sharkia Governorate, Egypt to study the effect
of black scurf disease caused by Rhizoctonia
solani on the yield and quality of sponta potato
cultivar (Solanum tuberosum L.) and also, select
the proper control methods for R solani
pathogen.

Mechanical analysis of the experimental
sandy loam soil was 66.22% sand, 13.90% siit
and 19.88% clay, while chemical analysis was
3.45 mg/l Ca’, 0.35 mg/l Mg", 2.20 mg/l Na",
0.55 mg/l K, 0.50 mg/l Hcos, 2.30 mg/l CI,
3.75 mg/l So,7, 0.71 mmhos/cm Ec¢, 0.80%
organic matter and 8.22 pH.

Identification of the Isolated Fungus

Potato tubers from each location with visible
sclerotia were washed thoroughly in tap water to
remove any adhering soil particles, then rinsed
in sterilized water and left it to dry. [solation of
the causal pathogen was carried from sclerotia,
periderm tissue and parenchymatic potato
tissues. The identification of the isolated fungus
was made by phytopathological researchers of
the Plant Pathology Research Institute,
Agricultural research center, Giza, Egypt. This
identification of the isolated fungus was done by
using characteristics of mycelia of fungus as
described by Barnett and Hunter (1972).

Biological control

Different biological agents as Trichoderma
virdi and Bacillius subtilis were used under tests
as a biological control of Rhizoctonia solani.
Trichoderma virdi was obtained from Plant
Pathology Department, Faculty of Agriculture,
Zagazig University. While, Bacillius subtilis
was obtained from Institute of plant pathology
research, Agricultural research center, Giza,

Egypt.
Chemical control

Rhizolex T50 is the most fungicide used for
controlling soil borne diseases.

Experimental conditions

Earthenware pots of 35 cm inner diameter
were used in these experiments in the
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greenhouse at Faulty of Agriculture, Zagazig
University. Each pot was filled with 10kg of soil.

Two experimental groups namely (A) and
(B) were carried out and every treatment under
these groups was replicated as following:

A- Untreated soil with Rhizoctonia solani.

B- Treated soil with Rhizoctonia solani.
Each group was cultivated by the following:
- Untreated seed tubers.

- Treated seed tubers with Trichoderma virdi.
- Treated seed tubers with Bacillus subtilis.

- Treated seed tubers with Rhizolex.

The soil which treated with Rhizoctonia
solani fungus was inoculated at the rate of 3-5 %
inoculum per kg soil. The antagonists of
Trichoderma virdi and Bacillus subtilis were
coated the seed tubers with spore's concentration
of 1x10° spore/ml conc. and 1x10% cell/ml
conc., respectively. While, Rhizolex fungicide
was applied at the recommended doses of 3g/kg
seed tubers.

Irrigation, fertilizing and weed control were
the same in all treatments.

Measurements

Potato plants were taken out carefully at
different ages of 30, 60 and 90 days after
planting from the soil using stream water to
ensure least losses of root system and then, each
plant was separated into leaves, stems, roots and
tubers.

Evaluation of the previous variables was
carried out taking into consideration the
following indicators:

Plant height

The plant height as a morphological
character of potato plants was measured from
the soil surface to the uppermost point of the
plant.

Photosynthitic pigment

The photosynthitic pigment of chlorophyll
A+B [chlorophyll A (yellow green) and chlorophyll
B (blue green)] was extracted from the leaves of
potato plant for each treatment using pure
acetone according to Fadeel's method (Fadeel,
1962). The extract was filtered and the optical

densities were measured spectrophotometrically
using "spectronic-20" spectrophotometer at
662,664 and 440.5 nm for chlorophyll A and
chlorophyll B, respectively. The pigment
concentrations were calculated using wettsteins
formula (Wettstein, 1957). The concentrations
of pigments were calculated in mg/g fresh
weight of leaves as follows:

Chl.A = (9.784 x E662)-(0.99 x E664), mg/liter.
Chl.B = (21.426 x E664)-(4.65x E662), mg/liter.
Where:

E: The reading of the optical density at given
wave length.

The concentration of pigments was then
expressed in mg/g fresh weight of leaves.

Proline concentration

The proline concentration was determined
according to the method by Bates et al. (1973).

Total carbohydrates fractions

Carbohydrate fractions were determined in
the dried tubers samples of all treatments
photometrically according to Bernfeld (1955)
and Miller (1959).

Starch content

Methods of AOAC (1990) were applied for
the acid hydrolysis of starch to glucose and the
later was determined by the method described
by Dubois et al. (1956).

Total protein

The total protein was determined in potato
tubers by  multiplying total nitrogen
concentration by the factor of 6.25 according to
AOAC (1970).

Black scurf disease ratio

The disease ratio was calculated by the
following equation:
Number of infected potato tubers
Disease ratio (%) = —x 100
Total number of potato tubers

Anatomical studies

Samples of potato tubers were taken in order
to determine the effect of different treatments on

thickness of phellem tissue of tubers as shown in
Fig. 1.
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Fig. 1. Cross section of potato tuber

Statistical Analysis

All data were subjected to statistical analysis
according to Snedecor and Cochran (1990).
Means separation was done by L.S.D. at 0.05
level of probability. Data were analyzed as a
complete randomized block design.

RESULTS AND DISCUSSION

The acquired results will be discussed under
the following heads:

Plant Height
Fig. 2 and Table 1 showed that the effect of
different biological agents and chemical

fungicide had a significant effect on plant height
of healthy and infected potato plants.

Using T. virdi as a biological control against
the pathogen, the potato plant height was
increased by 9.97% compared to infected plants
with R. solani, this is in agreement with
Mohammed et al (2008). While, the shortest
height of potato plants was 43.45 cm by
Rhizoctonia solani. Above ground symptoms of
black scurf disease such as plant stunting,
chlorosis, purpling of leaves and the formation
of aerial tubers may also be apparent (Banville
and Carling, 2001). Chemical control at the
recommended dose rate usually gave the good
results. The height of infected plants with the

pathogen was 47.78, 45.33 and 60.06 cm by
using Trichoderma, Bacillus and Rhizolex,
respectively.

Conceming the effect of different plant ages,
data showed that plant height was increased by
advancing plant age. Plant height was 46.04,
50.75 and 72.08 cm at 30, 60 and 90 days after
planting.

Chlorophyll A+B

Chlorophyll is a green pigment found in
cyanobacteria and the chloroplasts of algae and
plants. Chlorophyll A+B as a photosynthetic
pigment was determined as illustrated in Fig. 3
and Table 2. Data revealed that the rate of total
chlorophyll content of A+B was 0.72, 0.53, 0.63
mg/g fresh wt. of leaves for healthy potato
plants with T. virdi, Bacillus and Rhizolex,
respectively. While, it was 0.49, 0.45 and 0.59
mg/g fresh wt. of leaves for infected plants by
the pathogen with the previous treatments
orders.

The highest rate of total chiorophyll was by
Rhizolex treatment as a chemical fungicide, this
may be due to more ability to resist the pathogen
infection and thus, give the ability for plants to
grow normally, take the needed nutrients and
therefore, increased the chance for production of
more chlorophyll, this is compatible with El-Kot
(2008).
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Fig. 2. Effect of biological agents (Trichoderma virdi and Bacillus subtilis) and chemical
fungicide (Rhizolex) on plant height of healthy and infected potato plants at different
plant ages of two growing seasons (2011/2012 and 2012/2013)

Table 1. Effect of biological agents (Trichoderma virdi and Bacillus subtilis) and chemical

fungicide (Rhizolex) on plant height of healthy and infected potato plants at two
growing seasons (2011/2012 and 2012/2013)

Seasons Plant ages Healthy or infected potato plants [C]
(DAS) Healthy Infected

[A] Mean

(B} 1 2 3 4 5 6 7 8
30 45.00 63.00 46.00 46.67 41.00 4267 4133 46.00 4646
1™ 60 49.00 68.00 47.00 51.67 4433 4567 4467 4933 4996
2011/2012 90 87.67 105.67 90.33 99.67 47.00 6133 5233 92.67 79.58
Mean 60.50 78.89 61.11 66.00 4411 49.89 46.11 62.67 58.67
30 46.67 59.67 4267 4833 39.00 40.67 4033 47.67 4563
2" 60 49.67 65.00 52.00 63.00 41.67 44.00 43.67 5333 S51.54
2012/2013 920 63.00 98.00 60.00 7466 47.67 5233 4967 7133 64.58
Mean 53.11 7422 51.56 62.00 42.78 4567 4456 5744 53.92

Impact of B, C or BC factors
1 2 3 4 5 6 7 8 Mean
30 45.84 61.34 4434 4750 4000 41.67 40.83 46.84 46.04
Plant ages 60 49.34 66.50 49.50 57.34 43.00 4484 4417 5133 50.75
(DAS) 90 75.34 101.84 75.17 87.17 47.34 56.83 51.00 82.00 72.08
Mean 56.84 76.56 56.33 64.00 43.45 47.78 45.33 60.06 56.29
LSD A B AB C AC BC  ABC
at 0.05 2.61 130 184 213 3.01 3.69 5.22
Notes

DAS= 30, 60 and 90 days after sowing.
Healthy or infected potato plants
I = without Rhizoctonia solani, 2 = with Trichoderma virdi, 3 = with Bacillus subtilis,
4 = with Rhizolex, 5 = with Rhizoctonia solani, 6 = Rhizoctonia solani with Trichoderma vird,
7 = Rhizoctonia solani with Bacillus subtilis, 8 = Rhizoctonia solani with Rhizolex.
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Fig. 3. Effect of biological agents (Trichoderma virdi and Bacillus subtilis) and chemical
fungicide (Rhizolex) on chlorophyll A+B of healthy and infected potato plants at
different plant ages of two growing seasons (2011/2012 and 2012/2013)

Table 2. Effect of biological agents (Trichoderma virdi and Bacillus subtilis) and chemical fungicide
(Rhizolex) on chlorophyll A+B of healthy and infected potato plants at two growing seasons
(2011/2012 and 2012/2013)

Plant ages Healthy or infected potato plants [C]
Seasons
(A] (DAS) Healthy Infected Mean
[B] 1 2 3 4 5 6 7 8
30 0.66 0.81 0.65 0.73 056 064 059 069 0.67
1* 60 0.60 0.77  0.59 0.67 030 050 046 066 0.57
2011/2012 90 0.34 0.57 0.33 0.38 020 029 024 035 034
Mean 0.53 0.72 0.52 0.59 035 048 043 0.57 0.52
30 0.64 0.78 0.64 0.76 053 060 060 073 0.66
2™ 60 0.62 0.78 0.53 0.71 046 0.53 051 065 0.60
2012/2013 90 0.48 0.61 0.46 0.56 020 039 031 049 0.44
Mean 0.58 0.72 0.54 0.67 040 051 047 062 0.56
Impact of B, C or BC factors
1 2 3 4 5 6 7 8 Mean
30 0.65 0.80 0.65 0.74 0.55 062 059 071 0.66
Plant ages 60 0.61 0.77 0.56 0.69 038 052 048 0.65 0.58
(DAS) 90 0.41 0.59 0.39 0.47 020 034 028 042 039
Mean 0.56 0.72 0.53 0.63 037 049 045 059 0.54
LSD A B AB C AC BC ABC
at 0.05 0.01 0.02 0.02 0.03 0.04 0.05 0.07
Notes

DAS= 30, 60 and 90 days after sowing.
Healthy or infected potato plants
1 = without Rhizoctonia solani, 2 = with Trichoderma virdi, 3 = with Bacillus subtilis,
4 = with Rhizolex, 5 = with Rhizoctonia solani, 6 = Rhizoctonia solani with Trichoderma virdi,
7 = Rhizoctonia solani with Bacillus subtilis, 8 = Rhizoctonia solani with Rhizolex.
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The pathogen affected the rate of chlorophyll
in potato leaves. The least value was 0.37 mg/g
fresh weight of leaves in infected plants with
Rhizoctonia solani.

It was found from results that the rate of total
chlorophyll (A+B) was decreased by advancing
potato plants ages. The rate was 0.66, 0.58 and
0.39 mg/g fresh wt. of leaves by advancing the
plant ages beginning with 30, 60 and 90 days
after planting. It was noticed that the increasing
in potato plants ages and closer to harvest time,
the leaves of potato plants were been yellow and
the chlorophyll break, which increases the
appearance of other pigments such as
carotenoids and appears the leaves colors other
than green colors.

Proline Concentration

Results of proline concentration of potato
plants under various treatments were presented
in Fig. 4 and Table 3. It is evident from data that
proline concentration was high in plants grown
in soil which inoculated with the fungal of
R. solani rather than other treatments. The
concentration of proline in infected plants was
5.50, 4.87, 5.07 and 3.69% with R. solani,
Trichoderma, Bacillus and Rhizolex, respectively.

The proline accumulation was the highest in
infected plants with R. solani; this might be due
to the induction of resistance against infection.
On the other hand, lowest proline content was
showed under using Rhizolex as a chemical
fungicide against the fungal, this reduction of
proline might be due to minimization of the
effect of R. solani by the added fungicide.

Noticeable, from untreated potato plants
results that the highest proline concentration was
3.95% under using Bacillus. Bacillus subtilis
synthesizes large amounts of the compatible
solute proline as a cellular defense against high
osmolarity to ensure a physiologically
appropriate level of hydration of the cytoplasm
and turgor (Hoffmann et al., 2012).

The influence of plant ages was a significant
effect on proline concentration. It was 3.48, 4.24
and 4.89% at 30, 60 and 90 days after planting,
respectively.

Total carbohydrates, starch and protein
concentrations in tubers

Effect of different treatments on total
carbohydrates, starch and protein concentrations
in tubers was illustrated in Fig. 5 and Table 4.

Bacillus gave 86.70% of carbohydrate
concentration in tubers for healthy plants, while
in infected plants; Bacillus gave the highest
concentration of 81.28%. Bacillus subtilis was
an effective biological agent in improving seed
quality such as seed germination and nutritional
quality such as protein content and carbohydrate
content (Prathibha and Siddalingeshwara, 2013).

The starch concentration in infected plants
was 65.61, 71.19, 66.74 and 78.59% with
Rhizoctonia solani, T. virdi, Bacillus and Rhizolex,
respectively.

With regard to protein concentration,
Rhizoctonia decreased the concentration by
18.79% compared to control treatment. The
highest concentration was obtained by Rhizolex,
it was 13.82%.

Black scurf disease ratio

Fig. 6 and Table 5 showed the effect of different
treatments on black scurf disease ratio of potato
plants.

R. solani increased the disease ratio by 63.01
and 69.01% in the first and second seasons,
respectively. The effect of R solani is in
agreement with Lutomirska (2010).

It was noticed from results that using
fungicide was the best treatment to resist the
pathogen. Disease ratio in infected plants by
using Rhizolex was 10.17 and 14.00% in the
first and second seasons, on the same order, Add
to that, the percentage of disease ratio was
decreased under using T. virdi as a biological
control by 25.60% in the first season and
35.11% in second season compared to the
infected plants with Rhizoctonia solani.

Anatomical sections of potato plant tubers

The anatomical studies of potato plant tubers
were done to determine the effect of different
treatments on thickness of phellem as shown in
Figs. 7 and 8 and Table 6.

Phellem (the cork) consists of cells that are
dead at maturity and their primary walls become
covered from the inside by the secondary wall
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Fig. 4. Effect of biological agents (Trichoderma virdi and Bacillus subtilis) and chemical fungicide
(Rhizolex) on proline concentration of healthy and infected potato plants at different
plant ages of two growing seasons (2011/2012 and 2012/2013)

Table 3. Effect of biological agents (7Trichoderma virdi and Bacillus subtilis) and chemical
fungicide (Rhizolex) on proline concentration of healthy and infected potato plants at
two growing seasons (2011/2012 and 2012/2013)

S Plant ages Healthy or infected potato plants [C]
C?Z?“s (DAS) Healthy Infected M
[B] 1 2 3 2 5 6 7 8 o4
1 3.44 254 3.48 3.03 415 383 402 3.04 3.44
1™ 2 389 306  4.02 365 561 464 514 379 423
2011/2012 3 4.13 3.74 4.24 397 676 591 6.13 411 4.87
Mean 3.82 311 3.91 355 551 479 510 3.65 4.18
1 335 264 3.49 308 424 400 4.04 328 352
2 2 3.81 317  4.13 370 557 4.86 491 384 425
2012/2013 3 418  3.85 4.32 403 6.67 599 620 4.08 492

Mean 3.78 3.22 3.98 3.60 549 495 505 373 4.23
Impact of B, C or BC factors

1 2 3 4 5 6 7 8 Mean
1 3.40 2.59 3.49 3.06 420 392 403 316 348
Plant ages 2 3.85 3.12 4.08 3.68 559 475 503 382 424
(DAS) 3 4.16 3.80 428 400 672 595 6.17 4.10 4.89
Mean 3.8 3.17 3.95 358 550 4.87 5.07 3.69 4.20
LSD A B AB C AC BC ABC
at 0.05 0.18 0.06 NS 0.10 0.14 0.18 NS

Notes
DAS= 30, 60 and 90 days after sowing.
Healthy or infected potato plants
1 = without Rhizoctonia solani, 2 = with Trichoderma virdi, 3 = with Bacillus subtilis,
4 = with Rhizolex, 5 = with Rhizoctonia solani, 6 = Rhizoctonia solani with Trichoderma virdi,
7 = Rhizoctonia solani with Bacillus subtilis, 8 = Rhizoctonia solani with Rhizolex.
NS = Not significant at 0,05 probability.
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Table 4.Effect of biological agents (Trichoderma virdi and Bacillus subtilis) and chemical fungicide
(Rhizolex) on carbohydrates, starch and protein of healthy and infected potato plants after 90
days from planting at two growing seasons (2011/2012 and 2012/ 2013)

Seasons Healthy or Infected Carbohydrate in Starch Protein

[A] potato plants [B] tubers (%) in tubers (%) in tubers (%)

1 80.53 72.37 13.08

Healthy potato 2 88.25 60.06 13.98

plants 3 86.81 60.38 19.66

1% 4 73.77 69.28 12.55

2011/2012 5 70.74 65.85 10.55

Infected potato 6 75.23 71.04 8.94

plants 7 81.52 66.78 12.30

8 79.74 78.56 13.65

Mean 79.57 68.04 13.09

1 81.05 72.49 13.00

Healthy potato 2 86.05 60.00 14.05

plants 3 86.58 60.52 19.59

2™ 4 72.18 69.91 12.43

2012/2013 5 71.43 65.36 10.62

Infected potato 6 75.22 -71.33 8.83

plants 7 81.04 66.70 12.14

8 79.48 78.61 13.98

Mean 79.13 68.12 13.08

1 80.79 72.43 13.04

2 87.15 60.03 14.02

Healthy potato plants 3 26.70 60.45 19.63

4 72.98 69.60 12.49

5 71.09 65.61 10.59

Infected potato plants 6 73.23 7119 8.89

7 81.28 66.74 12.22

8 79.61 78.59 13.82

LSD A 0.75 0.23 NS
at 0.05 B 3.27 2.19 1.76
AB NS NS : NS

Notes
DAS= 30, 60 and 90 days after sowing.
Healthy or infected potato plants
1 = without Rhizoctonia solani, 2 = with Trichoderma virdi, 3 = with Bacillus subtilis,
4 = with Rhizolex, 5 = with Rhizoctonia solani, 6 = Rhizoctonia solani with Trichoderma virdi,
7 = Rhizoctonia solani with Bacillus subtilis, 8 = Rhizoctonia solani with Rhizolex,
NS = Not significant at 0.05 probability.
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Fig. 5. Effect of biological agents (Trichoderma virdi and Bacillus subtilis) and chemical
fungicide (Rhizolex) on total carbohydrates, starch and protein concentrations in tubers
for healthy and infected potato plants at two growing seasons (2011/2012 and 2012/2013)
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Fig. 6. Effect of biological agents (Trichoderma virdi and Bacillus subtilis) and chemical
fungicide (Rhizolex) on black scurf disease ratio for healthy and infected potato plants at
two growing seasons (2011/2012 and 2012/2013)
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Table 5. Effect of biological agents (Trichoderma virdi and Bacillus subtilis)y and chemical
fungicide (Rhizolex) on black scurf disease ratio of healthy and infected potato plants at
two growing seasons (2011/2012 and 2012/2013)

Seasons Healthy or infected potato plants Disease ratio (%)

1 0.00
0.00

Healthy potato plants

1St
201172012

Infected potato plants

Healthy potato plants

2nd
2012/2013

Infected potato plants

COAANNEAWN=DIANAN A WN
o
)
()

Notes

Healthy or infected potato plants

| = without Rhizoctonia solani, 2 = with Trichoderma virdi, 3 = with Bacillus subtilis,

4 = with Rhizolex, 5 = with Rhizoctonia solani, 6 = Rhizoctonia solani with Trichoderma virdi,
7 = Rhizoctonia solani with Bacillus subtilis, 8 = Rhizoctonia solani with Rhizolex.
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Fig. 7. Effect of different treatments on thickness of phellem of potato tubers

Table 6. Effect of biological agents (Trichoderma virdi and Bacillus subtilisy and chemical

fungicide (Rhizolex) on anatomical studies of potato tubers after 90 days from planting
of healthy and infected potato plants

. ) Healthy or infected potato plants
Anatomical studies

of potato tubers Healthy Infected
1 2 3 4 S 6 7 8
Thickness of phellem 15.25 18.80 17.38 15.6] 1490 19.86 14.19 15.25
Notes

Healthy or infected potato plants

1 = without Rhizoctonia solani, 2 = with Trichoderma virdi, 3 = with Bacillus subtilis,

4 = with Rhizolex, 5 = with Rhizoctonia solani, 6 = Rhizoctonia solani with Trichoderma virdi,
7 = Rhizoctonia solani with Bacillus subtilis, 8 = Rhizoctonia solani with Rhizolex.
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Healthy plants Infected plants

Without Rhizoctonia solani With Rhizoctonia solani

With T. virdi

With Rhizolex With R. solani and Rhizolex

Fig. 8. Anatomical sections of potato plant tubers

Notes: S: Sclerotia of Rhizoctonia solani M: Mycelium of Rhizoctonia solani
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which consists of parallel suberin lamellae
alternating with wax layers.

R. solani decreased the thickness of phellem
by 2.30 % compared to control treatments.

On the hand, the highest thickness of phellem
was by using T. virdi. It was 19.86 micron with
infected plants by the pathogen, while the
thickness was 18.80 micron with healthy potato
plants.

Conclusion

Based on the obtained results in this study,
the following recommendations can be drawn:

1. Using Trichoderma virdi as an effective biological
control against the pathogen which motivates the
growth of potato plants.

2.Rhizolex as a chemical control to Rhizoctonia
solani fungus at the dose recommended that
reduces the disease ratio of potato tubers.
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