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Biological Control of Black Scurf and
Dry Rot of Potato
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tack scu-f and dry rot of potato caused by Rhizoctonia solani and

Fusarium sambucinum, respectively are a major yield-limiting
factor for potato ‘tuber production. Pathogenicity tests of the two
isolated potate pathogens. using some potate cultivars indicated that
potato cv. Hermis was the most susceptible, followed by cvs. Picasso.
Sponta, Cara and Diamont. Some fungal and bacterial bioagents as
welt as an isolate of actinomycetes isolated from soil rhizosphere
samples of healthy potato plants were screened for their antagonistic
effect against these two pathogens, Trichoderma harzianum,
Epicoccum sp., Streptomyces endus and an aclinomycetes isolate were
the most effective bioagents in suppressing the radial growth of the
two pathogens. In general, these bioagents were less effective in
retarding growth of R solani if compared with £ sambucinum
growth. The biological control showed the possibility of controlling
black scurf and dry rot of potato by certain bivagents as T. Aarzianum,
Epicoccum sp., S. endus and an isolate of actinomycetes under
greenhouse (R, solani and F. sambucinum infested soil) conditions.
These treatments significantly decreased pre-and post-emergence
damping-off (killing developing potato sprouts), infected yield and
increased each of survival plants, chlorophyll content and potato tuber
vield compared with the untreated seed pieces. The treatment of seed
tubers with 7. harzianum. Epicoccum sp. was more effictent than the
actinomycetes isolate and S endus in most of estimated parameters.
The effects were similar in most cases to those of Rizolex fungicide,
wiitch increased emergence, chlorophyll centent of potatoes leall
potato tuber yield and reduced black scurf and dry rot severity. Results
of this study suggest that 7. harzignum, Epicoccum sp. are effective
bipagents in controfling black scurf and dry rot of potato and could be
considered as promising alternative to chemical products.

Keywords: biological control, Fusaritm sambucinum, potato tuber.
Rhizoctonia solani and rhizosphere.

Potatoes are widely cultivated, and could contribute to reducing worldwide food
shortages (Han et af., 2005). However, potato plants are susceptible to devastation
by various diseases, such as black scurf caused by Rhizoctonia sofani and dry rot
caused by Fusarium sambucinum (Agrios, 1997). Black scurf and dry rot diseases
have limiting effects on tuber yield. In the same time, R. solani-infected plant-lets
may develop crown rot, root rot, or stem canker which often leads to wilting and
plant death in the severe cases. Similarly, Fusarium dry rot of seed tubers can reduce
establishment by killing the developing potato sprouts. Also, both diseases can
greatly affect tuber quality, and, therefore, can severely reduce its market value
(Wolf and Verret, 1999; Yao ef al., 2002; Grosch er al., 2005 and Wharton and Kirk,
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2007). Unfortunately, all the commonly grown potaie cultivars are susceptible to
R solani and F. sambucinum, although some are less susceptible than others but
several breeding lines have been reported to have a higher degree of resistance to
dry rot Wharton and Kirk (2007). Control of R solani and F. sambucinum is difficult
because these pathogens survive for many years as sclerotia in soil or as mycelium
in organic matter under several environmental conditions (Hyakumachi and Ui,
1982). Furthermore, these pathogens have extremely wide host range (Ogoshi,
1987). Historically, control of Rhizoctonia and Fusarium diseases has commonly
relied on cultural practices and on the use of chemicals. However, cultural practices
alone are not efficient and, at the present time, no effective fungicides are available,
although some chemicals are recommended (Yao er al., 2002). In the recent years,
an environmentally friendly and sustainable alternative to protect plants against soii-
borne pathogens is the biological control using antagonistic microorganisms as
bioagents (Eckwall and Schottel. 1997; Munimbazi and Bullerman, 1998 Emmert
and Handelsman, 1999; Weller et af., 2002, Yao et al., 2002; Han et al.. 2003;
Grosch et al., 2005, E}-Kot and Belal, 2006). Several researchers have already
proved fungal microorganisms to suppress diseases caused by R solani {(Lewis and
Larkin, 1998; Ross er af., 1998; El-Kazzaz et al., 2000; Ahmed et of., 2003 and Van
den Boogert and Luttikholt, 2004). Additionally, antagonistic plant-associated
bacteria and actinomycetes are another important group of beneficial microorganisms
for the control of soil-borne plant pathogens (Mao et. al, 1997, Ei-Kazzaz et al.,
2002; Weller et al., 2002; Ahmed et af., 2003; Han er a!., 2005; Grosch et af., 2005
and Ei-Kot and Belal, 2006). Therefore, the present investigation was designed to
investigate the potential of seed tubers treatment with the bioagents to reduce the
diseases of black scurf and dry rot of potato.

Materials aond Methods

Pathogens:

Samptes of potato tubers and plants showing typical symptoms of black scurt
and dry rot were collected from different locations at Kafr El-Sheikh and
El-Gharbiya governorates, Egypt. Sample pieces were kept in a moist chamber for
48h. then, hyphal-tips of each isolate from the surface growing fungus was
rransferred into Potato Dextrose Agar plates (PDA). After 2-3days of incubation at
25-28°C, the isolates were purified according to Booth (1977) and the pure cultures
were maintained on PDA slants at 4°C for further experiments. Cultural.
morphological, microscopical and pathological properties were considered to
identify the isolated pathogens according to Burgess e al. (1994). Pathogenicity
tests were performed on potato cultivars Hermis, Cara, Sponta, Diamont and Picasso
using the methods described by Khalifa {1991).

Screening and isolation of antagonists:

Antagonists were isolated from soil rhizosphere samples of healthy potato plants
producing areas at Kafr El-Sheikh and El-Gharbiya governorates, Egypt. The used
bioagents were isolated on selected media according to the methods recommended
by Anonymous (1984), Burgess et al. (1994) and Turner et al. (1998).
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Identificarion of the bivagent isolutes:

The isolated microorganisms (fungi, bacteria and actinomycetes) were divided
each into groups or types according to their morphelogical and microscopical
characteristics, rate of growth,... etc. (Parry ef «f., 1983). accordingly. 17 fungal.
7 bacterial isolates and 5 actinomycetes isolates were selected for further study.

I vitro studh.

The antagenistic effects of the used bioagents were performed according the
methods adepted by Bell el of. (1982} forahim er «f. (1987) and Ferreira of o,
{1991).

Bivlogical control of the tested pathogens on potato plams:

An aqueous suspension at the concentration of 10°® trom all of T harzicnum and
Epicoccum sp., and 10° from ail of S. endus and the actinomycetes isolate were
prepared. The four antagonists werg used to control the tested pathogens in pot
experiments. Pots, 40 ¢m in diameter, which used in the two successive seasons
{2003/2006 and 2006/2007) were filled with clay soil and Hermis potato cultivar
seed tuber were planted (3 seeds/pot). Inocula of the pathogens were prepared
according to Khalifa, {1991). Soil infestation was carried out one week before
planting at the rate of 3% (Khalifa, 199f). The infested soil was mixed thoroughly
and moistened every other day. The antagonists were applied at the time of planting
as seed treatment. Seeds were immersed in each tested antagonist for 435 min. and
then dried. Seeds were then sown in each pot (3 seeds/pot). Rizolex T30, the most
used fungicide for controlling seoil bome diseases was applied for comparison as a
seed treatment at the recommended dose (3 g/kg seeds). Each treatment was
consisted of J replicates. The pots were kept in the greenhouse and watered when
needed. The degree of disease incidence was recorded as percentages of pre-and
post-emergence damping-off, percentage of survival plants as well as chlorophyll
content [chlorophvll content of the relative green colour of one most recently
matured leaf per potatoes piant was measured by a chlorophyll meter (SPAD-302.
Minolta Co,, Ltd., Japan) and reported as the SPAD (measurement of photca
capture) value, the infection rate of yield tubers and yield tuber production (Grosch
et al., 2003).

Statistical anafysis:
The obtained data were statistically analvsed according to the methed of Gomez
and Gomez. (1984).

Results and Discussion

Isolation, identification and pathogenicity tests:

The isolated organisms were consisting of 21 fungal isolates belonging to the
genus Rhizocronia and Fusariym as shown by preliminary microscopic examination.
The isolated Fusarium isolates were identified as F. sambucinum and the isolated
Rhizoctonia isolates were identified as R sofani. Data presented in Table (1) and
Figures (1) and (2) show that the two isolated potato pathogens, fe R solani and
F. sambucinum were pathogenic to all used potato cultivars. this finding is in
agreement with those of Wharton and Kirk (2007), since they reported that all the
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Table 1. Pathogenicity tests of Rhizoctoniu solani and Fusarium sembucinunt on
potato cultivars under greenhouse conditions

r Tested potato . Dise'ase incidence (%)" . :
! cultivar Rhizoctonia solani I Fusarium sambucinum g
i Pre-* [ Post-** | Sur*** |  Pre. Post. Sur. |
w: Hermis 7.6a | !Z"..3 a 80.1¢ | 10.6a 8§7a 80.7¢ |
‘, Cara 34¢ | 39d 1907b § 45¢ 62d (893b |
" Picasso I42b 73b 1883d ; 6.7b 75b {858d '
~_ Sponta 43b | 68c [889c | 65b 69¢c |8.35c
© Diamont | 1.8d | 24e 198a | 32e¢ | 29e |939a

' Values with the same alphabetical letters within column are not significantly different (P<0.03)
* = Pre-emergence damping oft. **= post-emergence damping oft and ***= Survival plants.

commonly grown potato cultivars are susceptible to R solani and F. sambucinum,
In the same fime, cv. Hermes was the most susceptible one foilowed by Picasso and
Sponta. while, on the other hand, cv. Diamont was the less susceptible one. Results
also indicate that R selani was higaly pathogenic to potato cultivars than
F. sambucinum.

Data presented in Tables (2 and 3) indicate that R. solani and F. sambucinion
have negatively affected chlorophyll content (SPAD} and tuber vield of tested
potato cultivars. Also, these two pathogens infected the wber vield of all potato
cultivars with variable degrees (Table 4). In the meantime. R solasi has highly
infected tubers than F. sambucinum. Tuber yield of potato ¢v. Diamont was the least
infected one compared with the other tested cultivars.

Table 2. Effect of Rhizoctonia soluni and Fusarium sambucinum on total
chlorophyll content (SPAD) of potato cultivars
Tested cultivar®

Treatment

! Hermis Cara | Picasso | Spoma | Diamont .
R solani 306D 325¢ | 339¢ | 34.7c 3720
___F sambucinum 303c ¢ 369b | 357b% | 363b 373b
i Control i 312a | 3%83a I 364a | 37.1a | 41724

b As described in foornote of Table (1)

Table 3. Effect of Rhizoctonia solani and Fusarium sambucinum on tuber yield
{g/pot) of potato cultivars

Tested cultivar® !

Treatment

Hermis Cara Picasso Sponta | Diamont
R solani 305¢ 325b 335b 300a 450 ¢
F. sambucinum 308 b 312¢ 270 a 200 b 470b
Control 347 a 534a | 369a 340 ¢ 505a |

* As described in footnote of Table (1).
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Fig. 1. Symptoms of Rhizoctonia solani (artificial inoculation) on potato plants,
A= neck rot , B&C= black scurf, D=canker and E= green tuber.

Fig. 2. Symptoms of Fusarium sambucinum (artificial inoculation) on potato
plants, A&B= Emergence, root rot, C&D= Dry rot and E= Healthy
tuber.

& F o sembuctnumi £ A R soiani E

Fig. 3. Effect of Epicoccurn sp. (E) and an actinemycetes isolate (A) on
Fusarium sambucinum and Rhizoctonia solani,
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Table 4. Effect of Rhizoctonia solani and Fusarium sambucinum on the infection
rate of yield tuber of potato cultivars

Tested cultivar’

Treatment Hermis Cara Picasso | Sponta | Diamont
R. solani 30.7a 13.8a 129a 13.2a 72a
F. sambucinum 2540 125b 123b 12.7b 6.4b
Control 00c¢ 0.0c 00c¢ 00c 00c

* As described in footnote of Table (1).

Screening and identification of bioagents:

The initial screening of more than 17 fungal, 7 bacterial and 5 actinomycetes
isolates originated from different rhizosphere-soil samples of healthy potato plants,
resulted in the isolation of 12 isolates exhibiting obvious antagonistic action on
plates against one or more of the two isolated potato pathogens. The in vitro
antagonists showed that two fungal isolates identified as Trichoderma harzianum
and Epicoccum sp., only one isolate identified as Streptomyces endus and
unidentified actinomycetes isolate were the most effective bioagents in suppressing
the radial growth of the two pathogens, in general. Yet, they were less effective in
retarding growth of R. solani as compared with F. sambucinum for example Figure
3). .

Biological control of black scurf and dry rot of potato:

The selected antagonists exhibited their efficacy to control the damping-off,
black scurf and dry rot of potato cv. Hermis during the growth seasons of 2005/2006
and 2006/2007 under the greenhouse conditions. Data presented in Tables (5, 6, 7
and 8) show that treatment of seed tubers with T. harzianum, Epicoccum sp.,
S. endus and the actinomycetes isolate were significantly increased emergence of
potato sprouts grown in soil infested with each of R. solani and F. sambucinum.
On the other hand, the infection rate of potato tuber yield with black scurf and dry
rot was significantly decreased compared with untreated seed pieces. Interestingly,
these effects were similar to or less than those obtained with Rizolex fungicide.
Results also indicated that T. harzianum and Epicoccum sp. were the best seed
treatments, since they increased survival plants from 77.0-97.1, 77.0-96.9 and
76.6-97.9, 76.6-972 under soil infestation with R. solani and from 79.2-93.8,
79.2-93.7 and 78.8-94.7, 78.8-94.3 under soil infestation with F. sambucinum
respectively, during seasons 2005/2006 and 2006/2007. Also, they significantly
decreased the infection rate of yield tuber with black scurf from 32.9-1.9, 32.9-1.6
and 35.1-1.4, 35.1-2.1 and dry rot from 31.9-2.6, 31.9-2.8 and 34.1-3.1, 34.1-2.9,
respectively during the seasons of 2005/2006 and 2006/2007, On the other hand,
chiorophyll content (SPAD) and yield of potato tuber were also significantly
increased as a result of using these treatments and tuber yield were significantly
increased during the two seasons as a result of using these treatments specially
T harzianum and Epicoccum sp. The efficiency of the antifungal isolates
T. harzianum, Epicoccum sp., S. endus and Actinomyces to protect potato tuber
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Table 5. Effect of seed tuber treatment with the antagonists on discase
incidence, chlorophyll content (SPAD), tuber yield and infection rate
of tuber yield by Rhizortonia solani during 2005/2006 season

Disease incidence (%)

SPAD**

- reatment Pre- Past- Sur. (leaves) LY. r | LR 2w
T. harzianum 29 e* 0.0e 97.1a 459a 860.4 b 19e
8. endus 42¢ 22b 93.6e 36.1d 5285e | 17.2h
Epicoccum sp. 3ld 0.0e 96.9 b 41.2b 880.2a lef
Actinomyces 48b 1.2d 94.0d 3235¢f 550.7d | 16.3¢
Rizolex 32d 1.8¢c 95.0¢ 36.7¢ 7809 ¢ 38d
R. solani 12.3a 10.7a : 77.0f 353e 1 5013f 1 329a

*

As described in footnote of Table (1).
**+ - Chlorephyll content.  ***= Tuber yield and ****= Infection rate.

Table 6. Effect of seed tuber treatment with the antagonists on disease
incidence, chlorophyll content (SPAD), tuber yield and infection rate
of tuber yield by Rhizoctonia solani during 2006/2007 season

* As described in footnote of Table (5).

‘ Disease incidence (%) SPAD** e |

! Treatment Pre- Post- Sur, {leaves) T.Y. == LR

U T harziganum 2.1f* 00e 97.9a 46.2a | B752b 14f

| S endus 34¢ 1.3c [ 953d [ 401¢ 603.4e [ 132D

. Epicoccum sp. 2.8d 00e | 972b | 408b 890.1a ;| 2.1e

" Actinomyces 52b 24b 1924 | 343e 6072d | l45¢
Rizolex 23e 1.1d | 966¢ 36.1d 802.6¢c | 6.8d

! R soian! 11.9a 11.5a 76.6f 36.2d S117F [351a o

Table 7. Effect of sced tuber treatment with the antagonists on disease
incidence, chlorophyHl content (SPAD), tuber yield and infection rate
of tuber yield by Fusarium sambucinum during 2005/2006 season

| Tretment Disease incidence (%) SPAD** Ty *%x E [LR ***x |
Pre- Post- Sur. {leaves) ;

T. harzianum 6.2bc*| 0.0d | 93.8a 46.1a 903.4b | 2.6¢

S. endus 7.1b 22¢ 90.7b 3537¢c 632.6d [ 1533 ¢
Epicoccum sp. 53¢ 1.0d | 93.7a 42.0b 9823a | 2.8e |
Actinomyces 6.0bc| 4.1b | 899b | 312d 3590.7e | 183b
Rizolex S5.1¢ 40b | 905D 41.5b 8305¢ | 36d |
R. solani 11.5a 93a | 792c¢ | 314d 520.7f |319a |

* As described in footnote of Table (5).
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Table 8. Effect of seed tuber treatment with the antagonists on disease
incidence, chlorophyll content (SPAD), tuber yield and infection rate
of tuber yield by Fusarium sambucinum during 2006/2007 season

i : e Y
; Treatment Disease incidence (%) SPAD** Ty *+% | R #++*
i Pre- Post- Sur. (leaves)

f T. harzianum 53c* 00e 94.7 a 44 8a |916.2a 3lc
S, endus 69b 1.2d 919b 362d {704.6¢c | 12.4b

Epicoccum sp. 57¢ 00e 943 a 43.1b 1950.8a 29¢
Actinomyces 7.1b 36b 893 ¢ 353e 1630.9c | 1620
Rizolex 5dc¢ 28¢ 91.8b 40.6¢c |8502b 49¢
R. solani 123 a 89a 78.8d 32,1f |531.3d |[34.1a

* As described in footnote of Table (5).

planits against damping-off and tuber rot has been clearly proved through the present
study. This can be explained in the light of results recorded by Abd El-Moity (1981),
who stated that T. harzianum work through different mechanisms, ie. production of
gliotoxin. mycoparasitism and growing very fast and act as barrier between
susceptible plant tissues and virulent pathogens. Also, attempts had been
successfully carried out using antagonists to control soil-borne pathogens on potato
tuber plants (Jager and Velvis, 1985; Liu et. af., 19935, Eckwall and Schottel, 1997
Hoitink and Boehn, 1999; Neeno-Eckwall er af., 2001 and Van den Boogert and
Luttikholt, 2004). The antagonistic activity of these used bioagents was recognized
by many investigators. Many species of genus are known to be potent producers of
many antibiotics against soil-borne pathogens (Belal er. al., 1996; Ross et. al., 1998;
Ahmed er. al., 2003 and Han er. a/., 2005). The obtained results of this study suggest
that the tested microorganisms proved to be an effective bioagents in controtling the
tested potato pathogenic fungi and could be considered an alternative to chemical
products and hence it can reduce the environmental pollution resulting from using
fungicides in controlling plant diseases.
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