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ABSTRACT

Four trials of disease management, / e. varietal resistance, methods of irrigation,
antioxidants and fungicides were tested to evaluate their role in managing okra
powdery mildew caused by Erysiphe cichoracearum DC.

The four tested okra cvs. were liable 1o infection by the disease.. However,
Japanese cv.( resistant) showed the lowes! infection and gave the highest fruit yield
followed by Hendi cv. (moderately resistant).Meanwhile, both Balady Red and Balady
Green cvs were highly susceptible and gave the lowest fruit yield.

Methods of irrigation | i.e. drip , flood and spray caused significant variations in
the severity of the disease. Spraying method resutted in high reduction in the disease
with great increase in fruit yield compared to the other two methods.

All the tested antioxidants, /.e. ascorbic acid, citric acid, manitol and salicylic acid
caused significant reduction in the disease severity with significant increase in the fruit
yield compared to the control treatment. In addition, salicylic acid was the most
efficient one in this regard followed by citric acid then ascorbic acid. Meanwhile,
manitol showed the lowest effect.

All the tested fungicides, /.e, Karathane, Rubigan, Sumi-8, Thiovil Jet, Topas and
Vectra caused significant reduction in the percentages of the germinated conidia of
E cichoracearum. In addition, Topas followed by Sumi-8 then Rubigan and Vectra
{systemic fungicides) caused the highest inhibitory effect. Meanwhile, Thiovit Jet
followed by Karathane (non-systemic fungicides) showed the fowest effect.

Spraying ckra plants with the tested fungicides caused significant reduction in the
severity of the disease compared to control treatment. The reduction in the disease
severity showed, to some what, the same trend of the effect of tested fungicides on
cenidial germination. This reduction in the disease was reflected on the obtained fruit
yield.

INTRODUCTION

Okra, Hibiscus esculentus L. syn. Abelmoschus esculentus (L)
Moench jocally known as barmia/bamya is an important vegetabie crop in
Egypt and other countries.

Under Egyptian conditions, during 2005 growing season, the cultivated
area with okra in Delta and Upper Egypt reached about 15068 feddans with
total fruit yield 106039 tons with an average of 7.04 ton / feddan. In addition,
about 866 feddans were culitivated with ckra in the new reclaimed lands with
total fruit yield 1979 tons with an average of 3.44 ton f feddan (Agric. Statis.
Dept., Min. of Agric. Egypt, 2005).

Okra is liable to infection by many bacterial fungai and viral
diseases (Shamsher et al., 1988) as well as physiological disorders.
However, fungal diseases, especially powdery mildew caused by Erysiphe
cichoracearum DC is the most important fungal disease, which causes
harmful effect to the plant growth and fruit yield.

This work was planned to test many trails of disease control in order to
throw some light on the most efficient and safety trials.
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MATERIALS AND METHODS

1-  Varietals susceptibility:

Field studies were conducted on ( sandy- loamy soil ) located at
Behera governorate was prepared for sowing okra using the flood irrigation
as usual during the beginning of March. 2006 and 2007 growing seasons.
The land was divided into plots of 21 m2.

Four okra cultivars, ie. Balady Green, Balady Red, Hendi and
Japanese were sown in plots of 21m? Four randomized plots were used for
each cultivar. The ptants were left to the natural infection by the disease (the
back history of this location indicated to the severe infection by the disease
every year). Al agricultural practices, ie. space of sowing, hoeing, irrigation,
fertlization and insects control were employed as the recommendations of
the Ministry of Agriculture, Egypt.

2- Effect of irrigation method:

Field studies were conducted on {sandy- loamy soif} located at Behera
governorate was prepared for sowing okra(Balady Red cv.) using drip, flood
and spray irfigation as usual by the beginning of March, 2006 and 2007
growing seasons. The land was divided into plots of 21 m? All agricultural
practices were employed as mentioned before. The plants were left to the
natural infection by the disease. Four plots were used for each irngation
methods.

3-Effect of antioxidants:

This experiment was carried out at Plant Pathol. Dept., Fac. Agric.,
Cairo Univ. at Giza during mid of March , 2007 growing season. Four
antioxidants nameiy ascorbic acid, citric acid, manitol and salicylic acid were
used for spraying cokra (Balady Red cv.} plants grown in plots {1x1 m). The
plants were left to the natural infection by the disease as well as the artificial
inocufation by shaking okra leaves infected by powdery mildew collected from
the location of the experiments. The plants were sprayed by the tested
antioxidants, each alone, at 50 mM before the appearance of the disease
symptoms by about two weeks. In addition, the plants were also sprayed S
times with two weeks intervais. Plants sprayed by water only served as
contral treatment. Four randomized plots were used for each treatment.

4-  Effect of fungicides:
4-1- Effect of some fungicides on conidial germination:

Six fungicides namely Karathane, Rubigan, Sumi-8, Thiovit Jet, Topas
and Vectra (Table, 1) were used to test their inhibitory effect on the
germination of E. cichoracearum conidial in vitro. in this regard, stock solution
"~ was prepared from the tested fungicides depending on their active ingredient.
Serial concentrations, .e. 0.0, 25 50,100,250, 300, 350,400 and 500 ppm.
were prepared. Each concentration was sprayed using an automizer (fine
drops of spray) on clean glass slides and left to air dry. Infected okra leaves
{(about three weeks old) showing severe powdery mildew infection were
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shaken on the glass slides to fall-off the conidia . Glass slides were put on
glass rods in Petri-dishes {two in each dish) containing distilled water (100 %
relative humidity) The dishes were sealed with paraffin wax and incubated at
25° +1 C. Five dishes were used for each concentration. Two lactophenol-
cotton blue drops were put on each slide jdst before examination for conidiai
germination. then the germinated conidia on each slide (ten fieids) were
counted, 24 hours after incubation using light microscope. Also, germination
percent was assessed at zero time of the experiment to determine the
percentage of germinated conidia at this time.

4.2: Effect on disease management:

Field studies were conducted on(sandy- loamy soil) located at Behera
governorate was prepared for sowing okra(Balady Red cv.} using the ficod
irigation method as usual during the beginning of March, 2006 and 2007
growing seasons. The land was divided into plots of 21 m? .All agricuitural
practices were employed as mentioned before. The plants were left to the
natural infection by the disease .Each fungicide was sprayed on the plants at
the beginning of the appearance of disease symptoms, then replicated 6
times with two weeks interval. Plants sprayed by water only served as control
treatment. Four randomized plots were used for each treatment.

Tabie {1): Trade name, common name, chemical structure and
recommended dose of the tested fungicides.

[ Trade | Active Chemical name Recommended
! name 1 ingredient dose
. | .
U e 1-methylheptyl-1-ethythexyl-and 1-
[}Siralhanei Dinocap propylpentyl-isomers (26). 100 nil
) . alpha-(2-chlorophenyl)-alpha-
k—Rubaganl Fenarimol {4chiorophenyt)-5- pyrimidinemethanol 20 ml#
L. Micronized
[
Thiovit Jet sulphur 80% sulphur 250 g.
1-[2-(2,4-dichloropheny!)pentyl}-1H-1,2,4-
Topas [Penconazolg triazole 20 mi.
- - i(2,4-dichlorophenylymethylene]-a-(1,1-
Sumi-8 - |Diniconazole dimethylethyl)-1H-1,2 4-triazole-1-ethanol 35 ml.
% 1-[{4-broma-2-(2,4-dichlorophenyl)
i Vectra |Dinotefurani tetrahydro-2-furanyljmethyl]-1H-1,2.4- | 100 mi. !
| ! triazole |

5- Disease assessment:

The old okra ieaves were periodically examined (more liable to
infection) and classified into categories, Disease severity was then calculated
using 0 -11 scale devised by Towsend and Heuberger (1943} using the
following formula.

Y (nxv)

Disease severity (%) = --=-—mc-mr-se-mee- x 100

11N
Where;
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n = Number of leaves in each category.

v = Numerical values of symptoms of each category.

N = Total number of the examined leaves.

11= Maximum number of numerical values of symptoms category.
Also, the number of fruits / plant and the average weight of fruits

! plot were estimated and taken into consideration.

6- Statistical analysis:
All also the obtained data were statistically analyzed using the
descriptions of Snedecor (1967) and LSD was calculated (Fisher, 1948).

RESULTS

1-Varietal susceptibility:

- Data presented in (Table, 2) indicate that all the four tested okra
cultivars were liable to the natural infection by powdery mildew. Balady Red
cv. was the most susceptible one followed by Baiady Green cv., being 59.3
and 57.1% disease severity on the average, respectively without significant
differences. Meanwhile, Japanese cv. was highly resistant followed by Hendi
cv., being 30.9 % and 33.4 % on the average, respectively without significant
differences.

The severity of powdery mildew disease was, to some what, reflected
on the number of fruits / plant and the average of fruit yield / plot. In this
regard, Japanese cv. gave the highest fruit yield either for plant (197.3 fruit}
or for plot (57.8 kg. /piot of 21 m2) .on the other hand, Balady Red cv. gave
the lowest values, béing 109.2 fruit and 388 kg, on the average,
respectively.

No significant differences were found in the values of diseases severity
number of fruits / plant and fruit yield of both seasons.

Tabie (2): Reaction of four okra cuitivars to the natural infection by
powdery mildew and their fruit vieid, field experiment at
Behera governorate during 2006 and 2007 growing seasons.

Ye A
o verage
. v .
Disease Average Fruit
: number of .
severity - yield(kg) /
- fruits / plant 2
. during . plot (21m?)
Cuitivars Mean during Mean . Mean
seasons during
seasons of
of seasons of
2006 | 2007 2006 | 2007 2006 | 2007

Balady(Green)| 579 1563 | 571 {1104 1 1118 | 1111} 392] 394, 393
Balady{Red) | 60.1 | 58.4 | 58.3 [108.2 | 110.2 {109.2 {385 |39.0 | 388
Japanese | 317|300 309 {1966 11980 | 197.3 | 588 | 56.8 | 57.8

Hendi 342[1325) 334 | 1828 | 1848 | 18381 540 | 544 | 542

Mean 46.0 | 44.3 -—-- 149.5 } 1512 —- 476 1474 -—--
L.8.D. at 5% for: Cultivars (C) = A 4.3 2.7
Seasons (8} = ) n.s. n.s. ns
Cx$S = 44 51 36
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2- Method of irrigation:

(Table, 3) shows that powdery mildew of okra as well as the number of
fruits/ plant and average fruit yield / plot were significantly affected by the
method of irrigation. In this regard, spray irrigation method resulted in
decreasing the severity of the disease to low value (19.8 % disease severity)
and gave high number of fruits / plant (90.7 fruit) and 43.6 Kg fruit yield / plot
of 21 m?. Significant differences were detected in the estimated fruit yield of
both drip (57.4 %. 86.2 fruit / plant and 35.8 kg. / plot of 21 m’, respectwely)
and flood of irrigation (59.3 %, 109.2 fruit/ plant and 38.8 kg. / plot of 21 m?,
respectively).

Table (3): Effect of method of irrigation on the natural infection of okra
by powdery mildew (Balady Red cv.}) and fruit vyield, field
experiment at Behera governorate during 2006 and 2007

growing seasons.
Average Avera.ge
%,Disease number of Fruit
Method severity fruitsiolant yield{kg)/plot
of during Mean dur?ng Mean (21 m?) Mean
irrigation | seasons of seasons of during
seasons of
2006 | 2007 2006 | 2007 2006 | 2007
Drip_ 581 | 566 | 574 ] 853 | 87.0 | 862 | 345 | 370 | 358
Flood 60.1 ) 584 | 59.3 | 1082 | 1102 | 1082 § 385 | 38.0 | 388
Spray 200 | 196 | 198 | 904 | 910 80.7 1 43.0 | 442 | 436
Mean 48.1 | 449 | --—-- 946 | 96.1 -~ 387 { 401 | ----
L.S.0. at 5% for: Cultivars (C) = 2.7 3.6 25
Season (S)= n.s. n.s. n.s.
Cx5S = g 4 2.8

3- Antioxidants: _

Data in (Table 4} show that the tested antioxidants, /e. ascorbic acid,
citric acid, manitol and salicylic acid resulted in significant reduction to the
severity of the disease on okra plants (Balady Red cv.) with significant
increase in the number of fruits / plant and fruit yield / plot {one m? }
compared with controi treatment.

Table (4): Effect of spraying okra plants (Balady Red cv.) with some
antioxidants on the severity of powdery mildew and fruit
yield,greenhouse experiment.

_ %Disease No. of Average of fruit yield
Antioxidant severity fruits/plant / glgot {one mzv
Ascorbic acid 32.8 90.0 268.4
Citric acid 31.0 91.3 273.0
Manitol 378 87.0 261.5
Salicylic acid 294 843 281.0
Controi 64.6 807 236.3
L.S.D.at5% 3.2 4.1 2.7
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This decrease was more pronounced when salicylic acid was sprayed on
okra plants (29.4 % disease severity). Also, this treatment produced the
highest values of fruit number / pfant (94.3 fruit) and fruit yield / plot (281.0 g).
Cn the other hand, manitoi was the lowest efficient one. The corresponding
vaiues recorded 37.8 %for disease severity, 87.0 fruit / plant and 261.5 g. /
plot, respectively. Control treatment recorded 64.6 %disease severity, 80.7
fruit / plant and 236.3 g. / plot, respectively.

4- Effect of some fungicides:
4-1: Effect on conidial germination:

Results {Table, 5 reveal that all the tested fungicides, i.e. Karathane,
Rubigan, Sumi-8, Thiovit Jet, Topas and Vectra caused significant reduction
in conidial germination of E. cichoracearum, 24 hours after incubation at 25
+1 C° and 100% relative humidity, compared to control treatment. This
reduction was gradually increased by the gradual increase in the
concentration of the tested fungicides. The fungicide Topas gave the highest
inhibition, being 18.1% germination followed by Rubigan, being 18.3%
germination without significant differences. Meanwhile, the fungicide Thiovit
Jet showed the lowest effect (62.3 % germination) followed by Karathane
(52.3 % germination) with significant difference between the two values. in
addition, control treatment recorded 84.6 % germination.

Table (5): Effect of different fungicide concentrations on conidial
germination of okra powdery mildew, 24 hours after
incubation at 251 C° at 100%relative humidity.

% Conidial germination at (ppm}.”
25 50 100 150 | 200 | 250 | 300 | 350 | 400 | 500

Fungicide Mean

Karathane | 772 { 700 | 662 (604 | 544|486 | 440 ) 392|350 ) 280 | 523

Rubigan | 478 450 | 398 $1322{146 [ 0C | 00 : 00 | 00 } 00 18.3

Sumi-8 55.2 | 504 | 452 1410 /356 (300186 | 00 | 0.0 0.0 ; 276

Thiovit 84.0 1 806 | 740 | 69.0 16541600 ) 564 ]|506)436({392] 623

Topas 49.6 {4401 384 [298 | 1404 0.0 0.0 0.0 0.0 0.0 18.1

Vectra 586 522 ) 490 4761394 ]31.2]|274 1190, 102] 0.0 33.5

Control 846 | 846 | 846 (646 846 ) 846 | 846 ) 846 ) 846 | 846 | 846

Mean 653 | 610 | 5567 | 521 | 440 | 363 {330 1276 12481 217 [ -omeeee

* The percentage of conidial germination at zero time is 2.6 %.
L.S.D.at5% for: Fungicides (F) =2.8 , Concentrations (C}=4.1and FxC= 3.7.

4-2: Effect on disease severity and fruit yield:

Data presented in - (Table 6) reveal that all the tested fungicides
exhibited significant reduction in disease severity w1th significant increase in
the number of fruits / plant and fruit yield / plot (21 m %) compared with control
treatment. In this regard, the fungicide Vectra was the most efficient one
which recorded 6.1% disease severity, followed by Topas 7.4%, on the
average) then Sumi-8 and Rubigan, being 8.1 and 8.6 %, on the average
respectively. Meanwhile, the fungicide Thiovit-Jet showed the lowest effect
(18.9%, on the average) followed by Karathane (15.2 %, on the average) The
averages of the number of fruits/plant and fruit yield/plot (21 m?) were also
significantly increased due to application of the tested fungicides.
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Table (6): Effect of spraying okra plants (Balady Red cv.) with some fungicides on severity of powdery mildew
and fruit yield, field experiment at Behera governorate during 2006 and 2007growing seasons.

800Z ‘Ainr ‘(1) €€ “aun einosuely 19s ouby 1

% Disease Average number of Average Fruit
. severity during fruits/plant during yield(kg)/plot (21 m?)
Fungicides seasons of Mean seasons of Mean during seasons of Mean
2006 2007 2006 2007 2006 2007
Karathene 15.4 15.0 - 152 137.0 138.2 137.6 52.5 53.1 52.8
Rubigan 8.7 8.4 86 1563.6 154.2 153.9 58.2 59.0 58.6
Thiovit Jet 19.6 18.1 18.9 140.0 140.8 140.4 48.4 49.3 48.9
Topas 7.8 7.0 7.4 158.8 160.0 159.4 58.0 58.0 580
Sumi-8 8.1 8.1 8.1 152.0 153.0 152.2 572 57 4 57.3
Vectra 6.1 6.0 6.1 160.4 162.2 161.3 59.2 60.0 59.6
Control 60.1 58 4 59.3 108.2 110.2 109.2 38.5 39.0 38.8
Mean 18.0 17..3 144.3 145.5 53.1 53.7
L.S.D. at 5% for: . i
Cultivars (C) = 2.2 33 15 ‘
Season (8)= n.s. n.s. n.s.
CxS$S = 3.4 36 3.1
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The obtained values showed the same trend, to great extend, to the
efficiency of the fungicides. in this respect, the fungicide Vectra resuited in
the highest values, being 161.3 fruit and 596 kg. /plot of 21 m?, on the
average. Meanwhile, plants sprayed wath Thiovet-Jet gave the fowest figures,
being 140.4 fruit and 48.9 kg. /piot (21 m ) on the average. Control treatment
recorded 59.3 % disease severity, 109.2 fruitiplant and 38.8 kg. /piot (21 m?),
on the average.

DISCUSSION

Four triais of disease control, ie. resistant cultivars, method of
irrigation, antioxidant and fungicides were employed to test their efficiency in
this regard.

The four tested okra cvs. showed great variation in their reaction to the
infection by powdery mildew. In this respect, Japanese cv. was the most
resistant one followed by Hendi cv. Meanwhile, Blaldy Red cv. was the most
susceptible one followed by Balady Green cv. In addition, the severity of
infection was, to some what, reflected on the obtained fruit yield. It is well
known that varietal resistance s one of the major trials of controliing many
diseases including okra powdery mildew (Joi and Shende, 1979; Jamblhale
and Nerkar, 1983 ;Harender-Raj et af 1993 and Neeraja ef a/,2004 ).
However, the variation in the produced fruit yields of the tested cvs. may be
due to mainly to their genetic composition in addition to the stress of the
infection by the causal of powdery mildew.

It has been found that spray irrigation method was of great efficiency in
reducing the infection by the disease compared with flood and drip irrigation
methods .The reduction in the disease due to spraying method resuited also
in an increase in the obtained fruit yield. The obtained resuits are expected. It
is weil known that free water causes great damage to the conidia of powdery
mildew fungi, which rapture occurs to cell wall of the conidia. Furthermore,
the frequent irrigation daily by spray irrigation caused washing to conidia that
found on okra leaves and low chance was found to success the
establishment of the infection. Morsy(1994} found that spray irrigation method
caused great reduction to the infection by chocolate spot of faba bean
compared with flood and drip irrigation methods. Band et a/. (2007) found that
the more frequently irrigated okra plants were more severely infected by
powdery mildew than the less frequently irrigated piants.

The obtained data indicated that using any of the tested antioxidants
resuited in significant reduction in severity of the disease with significant
increase to fruit yield compared with control treatment. Dean and Kuc (1985),
Kuc and Rush (1985) and Doubrava et al. (1988) mentioned that induced
acquired resistance by antioxidants is persistent and nonspecific for a
pathogen. In addition, induced acquired resistance can be induced by simple
chemical substances as well as by biotic agents. However, Lancake (1981)
mentioned that unlike eliciters of phytoalexins accumulation, elicit at the site
of application, and may be responsible for focalized protection, inducer of
systemic resistance and/or sensitize the plant to respond rapidly after
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infection. These responses induced phytoalexin accumulation and
lignifications (Dean and Kuc, 1985 and Kuc and Rush, 1885) and induced or
enhance activities of chitinase and glucanse (Metranx and Boller, 1986).
Furthermore, Fouly (2004) reported that the mechanism of systemic acquired
resistance is apparently multificated, likely fesulting in stable, broad spectrum
disease management and could be used preventatively to blaster general
plant health, which resulted in long lasting protection. Apart from this,
Linthorst (1891) reported that salyciclic acid induced many proteins similar in
nature to the pathogenesis related proteins. Chen et al. (1993) and Chandra
et al. (2001) cloned and sequenced that salycilic acid binding protein which
exhibited catalase activity and elevated amounts of H; O; by inhibiting
cataiase activity. The use of acquired resistance was successfully tested by
many investigators under Egyptian conditions to minimize the infection by
many diseases (Aly and Afifi1989; Ibrahim,1998 ;Abo Taleb,2001
Hilal,2004; Fouly, 2004 and Abada et al,2008).

The use of fungicides is the short way to cause high harmful effect
on the fungal pathegens and result in obtaining adequate results in disease
management. The obtained data revealed that all the tested fungicides, ie.
Karathane, Rubigan, Sumi-8, Thiovit Jet Topas and Vectra caused
signification reduction in the conidial germination of E cichoracearum
compared to control treatment. This reduction was gradually increased by the
gradual increase in the concentration of the tested fungicides. The fungicide
Topas gave the highest inhibitory effect followed by Rubigan then Vectra and
Sumi-8 without significant differences (systemic fungicides). Meanwhile, the
fungicide Thiovit Jet {micronized sulphur} was the lowest efficient one
followed by Karathane (contact or non-systemic fungicides). Shivanna et al
{2006) tested nine systemic and four non-systemic fungicides against conidial
germination of E.cichoracearum the causal of okra powdery mildew and
found that systemic fungicides caused more inhibitory effect than non-
systemic ones The in vitro results were in the same trend of the in vivo
results. Controlling okra powdery mildew by fungicides was frequently
reported by many investigators (Singh et al, 1998; Naik and Nagaraija, 2000;
Rhaman and Bhatiiprolu, 2005 and Shivanna et al, 2006) and the efficiency
of the tested fungicides was greatly differed,

in conclusion, Both Japanese and Hendi cvs. could be recommended
as resistant cvs. and their high fruit yield with using the spray irrigation
method due to applying the fungicides is recommended if the severity of the
disease is high with using non-systemic ones such as Karathane and Thiovit
Jet. Furthermore, using antioxidants could be used as alternative method for
disease management or could be used in alternation with non-systemic
fungicides.
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