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BIOLOGICAL CONTROL OF POTATO BACTERIAL WILT
DISEASE UNDER EGYPTIAN CONDITIONS
[26]

Wafaa, M. Abd El-Sayed'; R.A. Bayoumi® and N.Y. Abd El-Ghafar'
ABSTRACT

The biological control of potato bacterial wilt disease is caused by Ralstonia so-
lanacearum (Smith) Yabunchi er al. race 3, biovar 11 has been investigated under
Egyptian conditions. The present work was planned to contrel the disease biologi-
cally using (hree isolates of Psexdomonas fluorescens (pf), three isolates of Strepto-
myces spp. and one isolate of Bacillus subuilis (Bs). All bioagents tested inhibited
growth of R. solanacearum, in vitro.Isolates of P. fluorescens, Streptomyces spp.
and B. subtilis were the most inhibitors on King’s B (KB), starch nitrate agar (SNA)
and nutrient agar (NA) media, respectively. Bioagents populations increased in the
rhizosphere potato plants with increasing the period after planting. Meanwhile,
populations of P. fluorescens and B. subtilis were higher than Streptomyces spp.
population at the end of 80 days from planting. Application of bioagents of a soil
drench decreased the population of R. selanacearum in potato planis rhizosphere.
However, severity of potato bacterial wilt disease was reduced with application of
bioagents as tuber trcatment or soil drench treatment, as compared with the control.
Applicaticn of bioagents as soil drench treatment was better than tuber treatment.
Pseudomonas fluorescens (Pf5) and Strepromyces griseoviridis (Sg) isolates were
the mnost effective in the reduction of the disease severity and in increasing disease
biccontrol. However, increasing a soil drenchi for three applications significantly re-
duced disease severity and thus increased the disease biocontrol comparable 10 only
one application under the same specified Egyprian conditions.

Key words: Potato; Bacterial wilt, Biological control; Ralstonia solancearunt, Flug-
rescent Pseudomonads; Streptonivees spp.; Bacillus subtilis

INTRODUCTION tropics and subtropics (Hayward, 1991).

The disease is considered as one ofthe

Potato bacterial wilt caused by Ral-  luniang factors to potato production in
stonia solanacearurm: (Smith) Yabuncher  Egipt and exportation of potatoes (Abd
al. is a major soil borme diseaseinthe  El-Ghafar e «f 1995 and Gabr and
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Saleh, 1997). It is difficult to control is
discase becausc its pathogen can exist in
the soil for a long period (Hsu, 1977).

Biological control strategies may pro-
vide alternatives for management of bac-
terial wilt or they may be integrated with
other practices for its practical field
management. Several organisms includ-
ing avirulent strain of R. solanacearum
(Lee ef al 1986, Hsu et al 1992, Arwi-
yanto et al 1994, Bora et al 2000 and
Toyota and Kimura, 2000), flucrescent
pseudomonads (Kempe & Sequeira,
1983; Aspira & Cruz, 1986; Hsu ef al
1992; Shekhawat ef al 1992; Ahd Alla
el al 1999 and Anith e al 2000), Ba-
cillus spp. (Aspira & Cruz, 1986; Shek-
hawat e al 1992; Bora f al 2000 and
Abd Alla e af 1999) and actinomyceles
(Gao ef al 11983; Shekhawat ef al 1992;
Moura & Romeiro, 2000 and Bora ef al
2000) have been tried with variable suc-
cess for biocontrol of bacterial wilt.

The present work aimed to study the
ability of some biocagents t¢ inhibit the
growth of R. sefanacearum in vitre and to
investigate their potentiality in suppres-
sion of potato bacterial wilt under artifi-
cial inoculation conditions.

MATERIAL AND METHODS

Preparation of inoculum and soil infes-
tation

Virulent isolate of R solanacearum
previously isclated and identified from
infected potato plants (Abd El-Gbafar er
al 1995) was used through this study. The
bacterium was grown on SUCTOSE peplone
agar (SPA) medium at 28°C for 18h.
Bacterial gre- th was suspended in sterile
saline solutien  (0.83 % NaCl) and opui-
cal density adiusted at A600 nm =0.3 (o
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107 colony forming units (CFUYml ac-
cording to Michel and Mew (1998). Soil
infestation was carricd out by adding 200
ml of the previous bactenal suspcnsion
per pot (30 cm’ diameter) containing
sterilized sandy — clay soil {1:1 v:v) .The
bacterial inoculum was mixed with the
soil thoroughly. These pots were irmigated
at intervals.

Seed tubers and sowing

Potato tubers (daimant, CV.) were
obtained from Intermational Potato Center
(IPC), Kafr El-Zayat, Gharbia governo-
rate. Tubers previously stored at 4°C,
were placed in moistened trays at room
temperature in the dark for 7 days to
stimulate germination. These tubers were
planted in pots containing soil infestation
by the pathogen. One tuber was sown in
each pot. Ten pots were used as replicates
for each treatment.

Source of Bioagents and inocula prepa-
ration

Three isolates of P. fluorescens (Pf3,
Pf4 and Pf5) and one isolate of Bacillus
subtilis (Bs3) were previously 1solated
and evaluated as biocontrol agents against
phytopathogenic  bacteria (Abd El-
Ghafar & Ahd El-Sayed, 1997; Abd El-
Ghafar, 2000 and Abd El-Ghafar &
Mosa, 2001). Four isolatcs of actinomy-
cetes mamely: Streptomyces fumigatiscle-
roticus (81}, S. violaceusmger (Sv1), S.
rochei (Srl) and S.griseoviridis (Sgl)
were kindly obtained from Microbial
Taxonomy and Physiology Laboratory,
Botany and Microbiology Department,
Faculty of Science (Boys). Al-Azhar
University. Cairo, Egypt. Pseudomonas
Jluorescens and B. subtilis 1s0lates were
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grown on Tryptic soy ager (TSA) nc-
divin for 48 h. at 28°C. Meanuine, acti-
nomycetes isolates were grown on starch
mtrates agar (SNA) meduun for seven
days at 28°C. Al bicagemis were sus-
pended in sterile distilled water (SDW)
and centrifuged at 3000 ¢ for 20 min. The
precipitant was resuspended in SDW to
reach the concentration of 0% CFU/m as
determined from 1 standard curve based
on absorbance at 620nm i case of soil
drench treatment. Meanwhile, in case of
tuber treatment, bioagents suspensions
were resuspended in cqual volume of 1 %
methylcellulose supplemented with 0.1 M
MgS0O, to reach the same pervious con-
centration.

Assay of antagonism

All  previously mentioncd bicagents
ware fested in vitro for their ability to
inhibit the growth of R. soianacearum on
Nutrient agar (NA), King's B (KB) and
starch nitrate agar (SNA) media. Isolates
of Pseudomonas flucrescens and Bacilius
subtilis {24 h. —old growtl) and acting-
mycetes isolates (7 -day old growih) were
streaked at the center of plates containing
the previous media and then incubation at
28°C. After 48 h., thc pathogen (24 -h,
old growth) was streaked vertically on the
bicagent and imcubated at 28°C. miubi-
tion length was measured after 5 days
fron the second inoculation.

Population of bicageats und R solana-
cearum in potato rhizosphere soil

For cach treatment. ten grams of soil
were taken at 0,20, 40. 60, and 80 days
after planting. Each samplc was placed
mto fMask (230 ml) containing 90 ml of
SDW and shaken for 30 min, using hori-

Lad
4
A

sontal shaker, Serial dilutions were pre-
pared and one ml of 10° dilution was
placed on WA, KB, SNA and tewra zol-
lnun agar (TZA) media to detected Ba-
citlus subtilis, P. fluorescens, Strogiomy-
ces spp. and R. solanacearim. rospec-
5.2 3. Colomtes of bioagents and /v svla-
rac. arem werg estimated after 3 days of
tncubation at 28°C and proportioncd to
one zram of soil. Five plates were used as
replicates for cach treatiment,

Disexse assessment

Misease severity was assessed aficr 90
davs from planting. Severity of potato
bacterial wilt was calculated as percent-
age of spronts showing wilt symptoms
per treatment and as disease index (%)
using the following scale: 0= no symp-
toms 1=1- 10% of the foliage wilted.
2=11-30% of the foliage wilted. 2=31-
60% of the foliage wilted, 4=morc than
60 % but less than 100 % of the foliage
wilted and 5= all leaves wilted. Discase
index (D1) was calculated by the follow-
ing formula:

ZRT
DI = X 100
SXN

Wher T=Number of plants with disease
severity scale; R (R=1.2.3.4.
and 5);
N=Total number of planis mocu-
lated.

Percentage  of disease control (PDCY was
calenlsted as follow s:

{(Di,-DI,)
PDC=——— X100

DIck
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Where, DI = Disease index in check
D! ;= discase index in treatment.

Data were statistically analyzed using
the (F) test and the value of LSD (P <
0.05) was calculated.

RESULTS

Effect of different bioagents on growth
of R. selanacearum in vitro

Data in Fig. (1) show that ali' bio-
agents isolates tested were effective in
inhibiting the growth of R. solanacearum
on both nutrent agar (NA), King's B
(KB) and starch nitrate agar (SNA) me-
dia, compared with the control. Streplo-
myces spp. isolates were the most effec-
tive in inhibiting the growth of R. solana-
cearum on SNA medium, where inhibi-
tion length between ranged 8-9.9 mm
corresponding to 3-3.9 and 1.8-2.2 mm,
in case of NA and KB media respec-
tively. Meanwhile, P. fluorescens isolates
were the most effective on KB medium,
where inhibition length ranged between
corresponding 9.6-9.9 mm were least
effective, where inhibition length ran
ged to 3.8-3.9 and 1.2-1.3 mm on NA and
SNA media respectively. On the other
hand, B. subtilis isolate was the most ef-
fective on NA medium, where inhibition
length was 9.1 mm corresponding to and
on KB and SNA media 4.4 and 1.2 mm,
respectively.

Population of different bicagents and
R. solancearum in potato rhizosphere
soil

Population of different bioagents in-
creased in the rhizosphere potato with
increasing the period after planting

Meantime, population of P. fluorescens
and B. subtilis were higher than Strepio-
myces spp. population at the end of incu-
bation period. But in the first phase of
inoculation, no significant differences
among different bioagents were detected.
After 80 days, there were significant
differences among Streptomyces spp and
P. fluorescens or B. subtilis (Fig. 2).

Application of different bioagents as
soil drench for potato plants led to a de-
crease in  the population of R. solana-
cearum in potato rhizosphere soil, com-
pared with the contirol. Population of R
solanacearum was less effective in potato
rhizosphere soil with increasing the pe-
riod after plating. No significant differ-
ences among all bioagents isolates were
observed on population of R. solana-
cearum (Fig. 2).

Influence of bioagents on disease se-
verity of artificially inoculated plants

(A) Method of treatment

Results in Table (1) show that apph-
cation of different bioagents as tuber and
soil drench treatments reduced severity of
potato bacterial wilt disease and to in-
crease disease conirol, compared with the
control. However, soil drench treaunent
was betier than tuber treatment, where
percentage  of disease control ranged
between 20.6-39.2 % and 10.3-23 5%.
respectively. In case of soil drench treat-
ment, P. fluorescens (pf3, pfd and pf5)
and S griseoviridis (Sgl) the most
effective teduction in the disecase was
recorded, where percentage of disease
control was 32.4- 35.6 and 39.2 %-re-
spectively. Meantime, isolates of &
violaceasniger (Svl), B. subtilis (Bs2)
and S. fumigatiscleroticus (Sf1) were loss
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Fig. 1. Inhibitory effects of different bioagents on growth of Raistonia solanacecrum on
nutrient Agar (NA), King,s B (KB) and Starch nitrate agart (SNA) media. where.
Check (Ck), Baciflus subtilis (Bs3), Pseudomonas jluorescen (Pf 3. 4, 5),
Streptomyces fumigatiscleroticus (Sf1), S. griseovirids (S.gl), S. roche: (Srl)
and S. violaceusniger (Sv1). Bars indicate SE.

Table 1. Efficiency of tubers and soil drench treatments by different bioagents on
severity of potato bacterial wilt disease, after 90 days from planting under
artificial inoculation conditions

Bioagent Tuber treatment Soil drench |

A B C A B C
Check 99.7 85.6 0.0 99.7 89.6 0.0
B. subtilis (Bs3) 90.8 80.0 10.7 754 703 215
P. fluorescens (pf3) 80.2 70.7 21.1 67.3 605 325
P. fluorescens (pfd) 78.5 70.0 219 675 606 324
P. fluorescens (pf3) 757 68.5 235 64.3 517 336
P fumigatiscleroticus(Sf1) ~ 90.0 79.7 11.0 8.2 702 217
S griseoviridis (5gl) 76.8 69.2 228 638 544 392
§. rochei (Sr1) 334 75.8 15.4 726 662 261
S.violaceusniger (Sv1) 91.7 80.4 10.3 826 7.1 206
LSD at 5% 6.4 19 6.5 4.5

A= Percentage of wilted sprouts.
B= Disease index (%) according to disease ratting on the scale from O to 5.
C= Percentage of disease control.
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Fig. 2. Populations of different bioagents (A) and Ralstonia sol nacearum (B) in
potato rhizospheric soil at different periods,using the bicagents as soil
drench,under arificial inoculation conditions,where Pseudomonas fluores-
cens (Pf3,4,5)Baciflus subtilis(Bs3); Streptomyces fumigatiscleroticus (Sf1)
S. griseovirids (Sel),S.rochei (Sril)and Sviolaceusniger(Sv1).Bars indicate
SE.
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effective, where percentage of disease
control was 20.6, 21.5 and 21.7 %, re-
spectively. Similar results were obtained
from tubers treatment.

(B) Number of applications as soil
drenches treatment

In previous experiment, results
showed that S. griseoviridis (Sgl) and P.
Sluorescens (pf3) isolates were the most
potent in reducing the discase scverity,
when applied as soil drench treatment. In
this experiment, the same isolates were
applied one or two or three times as soil
drench treatment, at intervals every 20
days from planting. Data in Table (2)
indicated that application of S griseo-
viridis (Sgl) and P. fluorescens (pf3)
isolates were the most effective in the
reduction of the severity of potato bacte-
rial wilt disease, when these isolates were
applied for three times, where percent-
ages of disease control warc 66.9 and
718 %, respectively. However, these
isolates were less effective, when applied
for only one time, where the percentages
of disease control were 39.2 and 35.6%
respectively.

DISCUSSION

All bioagents tested inhibited growth
of R. solanacearum compared with the
control. Meanwhile, fluorescent pseudo-
monads, actinomycetes and B. subtilis
isolates were most effective on KB, SNA
and NA media, respectively. These
results are in agreement with those re-
ported by Abo Ei-Dahab & El-Goorani,
(1969). Shekhawat e al (1992), Abd
Alla et al (1999) and Moura &
Romeiro, (2000). Vidaver (1983) and

Fravel (1988) who mentioned that
growth imhibition zones on agar media
may be due to chemical factors, to antibi-
otic substances or to more specific bacte-
riocin and the antibiotic like substances.
However, the ability of antagonistic iso-
fates to inhibit pathogen growth and to
produce certain  secondary metabolites
has been claimed to be important for
biological control (Weller, 1988). While,
fluorescent pseudomonads strains on KB
and PDA media produced a diverse array
of inhibitory compounds (siderophores},
which inhibited growth of phytopatho-
gens {Kloepper et al 1980).

Application of different bioagents as
tubers and soil drench treatments led to
reduce severity of potato bacterial wilt
disease and increased disease control.
However, soil drench treatments were the
most effective, compared with the con-
trol. Population of R. solanacearum was
decreased in potato rhizosphere soil,
when different bioagents isolates were
applied as soil drench treatment. Fluores-
cent pseudomonads and S griseoviridis
were more effective than S violaceasni-
ger, S fumigatiscleroticus and B. subtilis
1solates in reduction disease severity and
increasing disease control. Application of
S.griseoviridis (Sgl) and P. fluorescens
(Pf3) isolates were the most effective in
increasing disease control, when these
isolates were applied for three time
compared with only one time. Abd Alla
et al (1999) found a significant reduction
in severity of tomato bacterial wilt
discase that was achieved in greenhouse
tests, when the antagonistic bacteria were
applied to tomato bactena, they were
promising candidates for the biological
control of R. solanacearum. Actinomy-
cetes with a positive growth promotion
effect were effective for biological
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Table 2. Influence of number of soil drench treatments by different bioagents on sever-
ity of potato bacterial wilt discase, after 90 days from planting, under artificial

inoculation conditions
No. of soil Wilted Disease Discase
. drench sprouts index control
Bloagent Treatment (%) (%) (%)
Check 0 99.7 89.6 0.0
1 64.3 377 35.6
P. fluorescens (pt3) 2 48.0 40.2 35.1
3 33.7 236 71.8
1 63.8 54.4 392
S.griseoviridis (sgl) 2 30.7 436 513
1 36.5 297 66.9
LSD at 3% 10.2 114
control of bacterial wilt*of tomato  the environment microflora and (3) de-

(Moura and Romeiro, 2000). Plant
growth promoting rhizobacteria (PGPR)
stimulated plant growth and increased
vield indirectly by their aggressive colo-
nization of root system. Production of
both antibiotics and siderophores has
been cited as a factor relation to the abil-
ity of PGPR to displace or exclude soil
bome pathogens and deleterious rhizos-
phere microorganisms (Suslow and
Schroth, 1982) Colonization of the
rhizosphere with fluorescent pseudomo-
nads has been successfully employed to
reduce the amount of pathogen inoculum
reaching the roots and they promote plant
growth (Fravel & Engeikes, 1994 and
Toyota & Kimura, 2000). There are
three main approaches to achieve control
of 2 wide spectrum of pathogens by ap-
plication of antagonists largely for bio-
logical control (1) medify the genetics of
the biocontrol agent to add mechanisms
of disease suppression that are operable
against more than the pathogen, (2) alter

velop strain mixtures with superior bio-
controt activity (Janisiewicz,
1988).Palleroni (1984) observed that
fluorescent pseudomonads usually coexist
with other microorganisms in adverse
environments including soil, water and
biomaterials,
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